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RESEARCH IN WATER POLLUTION CONTROL*

William J, Lacy, Dr.S., P.E., D.E.E.

A great deal of research has been undertaken on improvement of

old methods and developmet of new ones for efficient removal of

pollutants from water. However, a more precise understanding

of the problem is as necessary as the operations and process of

treatment, to insure economical design and operation of treatment

plants.

One of the goals of a research program in this area should be

wastewater purification and neutralization on a pratical and

economically attractive basis with public health and safety the

primary concern.

The subject of water pollution research involves, in addition to

fundamental scientific and engineering knowledge, many basic

economic and social issues. These are only too real when it

becomes necessary to choose between various alternative uses or

plans. Therefore, if the best overall action is to be taken, the

decision maker should be aware and understand the social-economic

implications of his selection.

* This was presented at the opening of the conference "Chemistry

for Protection of the Environment VIII; held in Lublin, Poland,

September, 1991.



Anyone aquainted with the complex field of water pollution

control knows it can no longer be handled as a compartmentalized

subject as it has been. What is required is a unified,

multidisciplined effort with a real understanding of the

physical and chemical processes that relate to problems in this

field. In the past the old engineering methods were adequate to

meet the problems. Today, however, the demand for pollution

control, the expanding population and industrialization and

exponential increase in water requirements have forced an

exploration of the so called "basic" scientific principles.

It is felt that an identification of the vital or critical

information requirements for water pollution control system

planning, and an estimation of population and economic trends

will be necessary for a research group to develop any substantial

solution. To have any nation's pollution control program or any

research program based only on the solution of currently existing

problems would be short sighted. Therefore, some effort in the

program must be the "blue sky" nature and on waste minimization.

Some of the major areas in which research is required are:

(1) pollution prevention, waste minimization and zero discharge

systems. (2) Research on the development of new treatment

methods. Some conventional treatments are just not suited for

the removal in organic nutrients, complex organic compounds, and

similar pollutants which are becoming more common every day. To



solve this type of problem, research in the chemistry, biology

and physics of wastewater is needed. This is expeeially

important in reference to the whole subject of reuse which is one

real way to handle the problem in water scarce areas.

(3) Development of a prediction system is needed for planning

future needs for treatment plants. This would be based on a more

exact understanding of the effects of the waste components on the

desirable feature of the water resource. Such a technique would

help reduce future cost of waste treatment by using an ounce of

prevention, instead of a pound of cure. (4) Identify geographic

areas for effective water pollution abatement planning for the

specific objectives and needs defined and the given structure

within which the program must function. Such planning regions

should incorporate critical geographic, hydraulic, atmospheric,

demographic and industrialization factors and other elements

pertaining to resource development with which theseidentified

alternative and/or complementary means of approaching the water

pollution problem programs can be evaluated. (5) Develop a

systematic means of monitoring and evaluating the various

development and research projects. Criteria for assessing the

efficaciousness of each program should be in agreement with the

institution's objectives. Included should be factors such as

formulation of the program objectives, methodology, techniques,

personnel, time phasing and critical points. Attention should be

given to such things as cost-effectiveness, efficiency, and

feedback among programs. (6) Analyze the national economy to

identify what specific industries power, petroleum, steel,



paper, food processing, and including the agricultural and mining

industries are the major users and what are their roles in the

pollution problem. Then correct or control these at the sources.

With that solved, then attack the remaining stream pollution

problems. (7) Pollution prevention needs to be expanded and I

am looking to you to come up with and implement the technologies

and product idea, and yes, the organizational changes that will

bring pollution prevention to a reality. It is by your actions

and not my words that this evolving environmental program will

become a reality.



713 South I Street
Llvermore, CA 94550
May 12, 1991

Dr. William J, Lacy
Vice President
The International Commlltoo
Chemistry for Protection of the Environment
9114 Cherrytroo Drlvo
Alexandria VA 22309

Dear Dr Lacy:

I am ploasod that you arc Interested in displaying my photographs from tho VII Intornational
Chomistry for Protection ol tho Environment conforonco held In Lublin, Poland In 1989. As you
requested, attached is a short abstract that describes somo ot tho photographs for tho oxhiblt.

At this time, it appears likely that I will be preparing the exhibit independent ot tho
Laboratory. However, I am approaching my management at the Laboratory to see it I might
obtain some support. Regardless ot the outcome, the exhibit will be ready tor the conference in
Budapest.

I am looking forward to joining you ana the other participants in September. If you have any
questions, please call me at (415) 443-9265.

Sincerely,

Donald L Gonzalez
Photographer



ESTABLISHING NEW FRIENDSHIPS AND UNDERSTANDINGS



SHARING KNOWLEDGE AND RENEWING COMMITMENTS TO
SEARCH FOR SOLUTIONS TO GLOBAL ENVIRONMENTAL CONCERNS



An larly example oC Pollution Prevention: The case of
the Polish Ketal Finishing and Coating Industry

Gilbert S. Jackson,Ph.D.
S«nior Environmental Policy Analyst
US Agency for International Development
(Formerly Environmental expert-UNIDO)

"Weep no more, your sorrow hide;
see the river's racing tide.
Just as it will never dry,,
so will Poland never die"
Teofil Lenartowicz, 19th century Polish poet writing about

the Vistula River.

Summary: An early attempt at imparting the Principles of Pollution
Prevention took place in Poland on a project supported by tha
United Nations Industrial Development Organization(UNIDO) designed
to reduce toxic metal pollutants from the metal finishing industry.
Several plants were visited and a demonstration program was
suggested at the Warsaw Fiat Automobile manufacturing plant(FSO) .
This demonstration program was offered to incorporate low cost in
plant design changes,using existing equipment to reduce wastes and
water consumption, such as countercurrent rinsing and fog rinsing
t proper racking of work pieces and careful attention to toxics
reduction and material recovery and substitution. The Polish
ministry responsible for this task was the Institute of Mechanical
Precision(IMP) in Warsaw.

The program was estimated to save over $2 Million /yr and have
a payoff time of less than six months. The program was never fully
implemented , despite assurances from the highest levels of }'MP and
FSO including UNIDO sponsored training and research . The lesson
to be drawn from this episode is clear: the "hard" or technical
side of pollution prevention , whAle important , is not sufficient
with a strong commitment from the "soft" or management side of the
equation.The future looks promising if developing countries and
their sponsoring AID agencies can heed these warnings.
Environmentally Sustainable Industrial Development: A Goal
The world is becoming more industrialized and the needs of the
developing countries needs to be addressed in some manner. The
newest paradigm to describe an older form of environmental
protection is called pollution prevention. This is essentially the
development of programs to meet the increasing industrialization of
industrializing developing countries, such as Poland, by defining
processes that fall ir.to the category of non- polluting processes.

1. BACKGROUND
The world is becoming more industrialized. The specific focus of



this c^udy is to point out that industrial development in
developing countries o«a follow the precepts of pollution
prevention . Certainly the whole concept of applying these
principles to developing countries is a complex one. The post World
War II period has seen tremendous growth in worldwide industrial
activity. As the Brundtland report on Environmental sustainability
was published two years ago it was pointed out that twenty five
years ago the world was manufacturing one seventh of the goods it
does today and one third of the minerals. The pace of
industrialization has had serious effects on the environment in the
developing world. On the one hand, industrialization has brought
many benefits in terms of improved economic growth for some
countries, such as the ones in Eastern Europe, and most developing
countries are anxious to accelerate their processes of
industrialization. This inevitably leads to greater environmental
degradation.Thus, in the long run, the development of some new
environmental ethic that embraces sustainable development is
essential to break this vicious cycle. An avenue such as pollution
prevention is suggested. This paper examines an early approach to
this .

Early cases of pollution prevention in the electroplating
industry took place in Poland in the late 1970s and early 1980s
with the assistance and participation of this author. Poland is an
example of a middle income country(MIC). It is not the only example
of one.
Other candidates include the Philippines, Taiwan, Thailand,and
Mexico and Korea. While these countries are labeled1" developing"
their pollution is more sophisticated increasing store into the
toxic and heavy metals indicative of a more advanced society.The
attached chart outlining the breakout of three categories to place
world countries in terms of their pollution loading and type, from
Hirschhorn(l). Unfortunately these countries suffer from poor
infrastructure,lax enforcement of environmental laws, poor economic
incentives and a lack of will to clean up. Now they are beginning
to pay a heavy price in their environmental problems resulting from
industrialization and little cleanup.
Pollution prevention is the design of processes to release no

waste at all. For an existing process there is a hierarchy of
steps in increasing economic costs include simple process and
plant maintenance, recycle of specific streams, material
substitution to a less toxic form , and process modification. This
project actually incorporates many of the changes outlined above.

An Early Case Study
2. An Early case study of industrial waste minimization in a
develoiping country is the example of the Polish electroplating
industry's wastes and a UNIDO program designed to assist it. This
project was initiated in 1977 by the request of the Polish
government and was designed to enhance the technical strength of
their environmental specialists through training, cooperative
technology projects, visits to the US and other western facilities,
and the purchase of equipment to assist them in their research



projects. This experience was intended to set up Polish
demonstration project* fox pollution prevention and *erve as a
model for the future. The results were anticipated and the
projected project plans were published in the US and in Poland in
technical journals(5,6,7,8)

The progtva was designed as a crosscutting exercise in
implementing low cost pollution prevention approaches to the
reduction of water consu&ption and bath concentrate drag-out, with
work piece quality enhancement,and finally to assist the Polish
pollution prevention specialists to further understand the
technology behind their license agreements and furthermore to
assist them to develop less costly domestic approaches through
research,and development.

3. Detailed Description of the UMIDO Polish Vrojeet
Poland is distinguished from other developing countries in that it
has undergone a vast industrialization process in the past three
decades that has. seen its waste discharges ineroase enormously
without much treatment applied. The current climate is changing but
during the years 1977 to 1981 an ambitious early attempt at
pollution prevention and waste minimization in the metal finishing
and electroplating industry was attempted with the support of the
UNIDO(United Nations Industrial Development Organization) and the
support of the Polish Environmental Protection Institute, called
IMP.

At the time it was estimated that there were 30 million tons
of hazardous waste produced annually in Poland. This is an enormous
number since at the time the US had a volume of 131 Million tons,
and this figure has increased to 380 million tons projected in
1S993. Given this figure the Polish wastes were projected to
increase to 90 million tons in 1990. To understand the magnitude of
this figure one only has to contrast the amount of comparible
wastes in other countries; Italy 5 million tons(1988), United
Kingdom 5.5 million tons(1988), and Spain 2 million tons (1988).
About 80 % of this Polish waste contains heavy metals which
originate from the metal finishing industry vs 40 to 45 % of US
wastes. Although most of these wastes have not been fully
classified it is estimated that the great majority of them are the
discharges resulting from the metal finishing and electroplating
operation in the non ferrous metals industry. Much of the Polish
industrialization relates to industries that depend heavily upon
metal finishing technology. These include the automobile,
machinery,agricultural equipment,shipbuilding, electrical and
electronics, and other specialized industries.
Some 150 million tons of untreated hazardous wastes are estimated
to be accumulated in Polish lagoons and landfills. Only a small
percentage of the hazardous wastes that is illegally discharged and
enters into public municipal treatment sites are included in any
accounting system. Thus, a certain proportion of toxic metals are
discharged along with improperly treated effluent into municipal
treatment systems or natural water bodies.



Although the discharge from the natal finishing industry was
•nail in volume compared to the overall total it was considered the
most dangerous to the human health and environment due to the
predominance of toxic heavy metals such as capper, chromium and
nickel. Thus it was decided to focus on this industry.The reduction
of this waste was to b* tackled in a three pronged approach. First,
the IMP engineers and the UNIDO expert Dr. Gilbert S. Jackson would
survey a number of the larger electroplating, metal finishing and
paint baking operations in Poland to establish demonstration
programs to effectively minimize hazardous waste discharge without
interfering with current production levels and demonstrate the
economic viability of these demonstrations. The second approach
involved training the IMP engineers through a program of sending
them to private companies and the public sector in the developed
countries and assist them in learning about newer technical
approaches. The third part of the program was to review ongoing IMP
environmental protection technology developed in-house for the
a forementioned industries.

At the onset of this project the total surface area covered by
such industries in Poland in 1977 for electroplating and organic
coatings is about 45 million sq m (1977) and estimates for this
year are at 115 million sq meters(1990) plated. Obviously, all
things kept the same the waste discharged would be more than
doubled. The paint and plastic coatings industry produce about 75
% of the total coatings performed in Poland and they have some
special environmental problems ranging from sludge to (volatile
organic compounds) VOCs but the major thrust of this study was on
improving the metal finishing industry since their discharges are
know to cause major environmental health problems, despite its very
saall quantities.

There are about 1000 metal finishing operations in Poland.
Only 80 of them are large jcale and these produce about 25 % of the
total coatings and metal wastes . These operations are primarily
concentrated in the automobile, electronic, and agricultural
equipment industries.

The major environmental wastes from the electroplating and
metal finishing industries are discharged into all three media: air
pollutants, waste water discharge, and large quantities of metal
bearing sludge that needs proper disposal. The waste discharge of
this industry alone tended to outstrip the dilution capacity of the
scarce river waters of this country. The total waste water
discharge from metal finishing shops was 90 'million cubic meters
in 1977 and projected to top 200 million cubic meters in *.99l.
About 8 5 * was acidic or alkaline waste discharges, 10 % chromium
bearing wastes and 5 % cyanide bearing wastes.

On their other hand the organic coatings industry with an
annual paint production of 500,000 tons annually had discharged
approximately 200,000 tons of Volatile organic solvents to the
atmosphere from surface preparation, paint spraying and paint
baking stations.

Another major discharge was the sludge disposed of annually from



the metal finishing operations estimated to amount to 8000 tons
annually (dry weight) in 1977 and about 20000 tons in 1990 (dry
weight). Unfortunately it is often discharged as a 98% wet slurry,
thus totally close to 0.4 a tons in 1977 (0.9 m tons in 1990) .About
75 % of the sludge on a dry basis is estimated to be metal
hydroxides resulting from convention chemical treatment technology,
with an additional 0.1 million tons annually from painting
operations with an average water content cf some 30 %.
Poland has a history of inadequate management and disposal of

such watered sludge despite a spate of environmental laws patterned
after the US EPA complete with effluent guidelines patterned after
the US example..

Despite these measures these aforementioned discharges have
seriously contaminated both the surface and underground waters.
Poland has set up a series of effluent limitations that has set up
water discharges into natural water bodies into three classes :

. Class I- potable, recreational, and special industry uses.
Class II-generally fishable, swimmable

. Class Ill-general industrial use but still required to meet
certain effluent guidelines.
A separate set of standards were enacted for discharges into
municipal systems.
Some examples of typical Polish effluent guidelines are attached
in the appendix.
Giver, all these discharges and the fact that the laws weren't
working to reduce or eliminate metal discharge a new approach was
devised by IMP ,UNIDO, and the assigned UN expert, along with the
cooperation of various plants to aim to reduce sources through
simple housekeeping methods and internal plant redesigns. These
schemes are designed wi a short payout times. A longer range
program to incorporate potential new Polish process innovations
anticipated to flow from this study.
The suggested in plant changes followed along lines now known as
pollution prevention, including good housekeeping or maintenance of
equipment, material recovery and recycle, process modification , to
actual process redesign and reconstruction.

During the last two decades the world has realized the harmful
effects of the heavy metal discharges and between regulations and
research have fairly well modified this industry to adhere to these
guidelines or be shut down as has happened in the US. Most of the
similar type of research in Poland has been conducted at the
IMP(Institute for Mechanical Precision) in Warsaw.
Among the types of approaches suggested to reduce the toxicity,

amount , and concentration of the effluent of the metal finishing
industry have included:
. Changes in the production technology, or inplant changes, to

substitute less toxic substances for highly toxic ones. Some
examples of this could be utilization of non-cyanide solutions in
place of previously used cyanide electrolytes, utilizing lower
cyanide baths, using chromotizing baths in the hexavalent state(
the more toxic over the trivalent chromium) in either low



concentration baths or chromium free steps, the elimination of
phosphate or hard detergents froa the degreasing baths, the
•lamination of gasoline or kerosene from the washing steps, and
others aiaed at substitution of lesser toxic materials in each
electroplating step.

.. changes in the inplant technology of washing and piece
placement to reduce dragout , or spillover from plating baths from
irregular parts or poor placement,i.e. these could be to employ
countercurrent rinsing (a practice almost never used in Poland and
simple to apply with a big payoff in reduced water consumption),
fog rinsing , slow withdrawal of pieces, and usage of a
checkerboard pattern (use of all white or black squares ), and other
changes in effective and economical rinsing methods. A major
cooperative technology project utilizing these aforementioned
technologies were suggested as part of the UNIDO Project .These
changes , while modest in scope, were anticipated to save the FSO
FIAT production plant about$ l to $2 million dollars annually and
would have a payoff of less than one year. Details on this are
provided in the appendix along with specific waste reduction
recommendations for other Polish plants that were visited.

..Direct utilization of technology developed in IMP that could
be used to create zero discharge techniques. The Polish engineers
at IMP have taken an extensive tour of Western technical centers on
a "fellowship" to learn more about the competitive technologies,
and also utilizing the first Polish technologies for various
treatment processes, or end- of- pipe technologies, in
electroplating. These also include:

. The technology of cyanide treatment by ozone, and the
construction of in- house ozone treatment generators to oxidize and
destroy cyanide bearing wastes and impart newer approaches to
oxidation technologies.

. The so-called FKJA method of direct neutralization of
cyanide and chromium bearing wastes with simultaneous recovery of
valuable metals including silver, copper, cadmium, and others. This
technology has also met with some limited success outside of Poland
as a treatment technology, but the formalin- based solution has met
with some problems in meeting organic emissions.

. Various techniques of using conventional technologies by
using Polish made recovery techniques using ion exchange columns
and electrolytic methods.,

. Treatment of effluent containing oil in water with the
Polish coagulation method or Polish ultrafiltration methods,

. Treatment of the cyanide bearing solid wastes such as
waste cyanide hardening salts by thermal treatment ,

. Solidification of metal finishing sludge, consisting mixed
metallic hydroxides and organic sludge from paint applications, by
fixation with low -grade cements, should provide stable products
encapsulating toxic heavy metals thereby resolving safe landfill
disposal problems for such sludges and avoiding leaching into the
nearby rivers and streams as was commonly occurring.



.A follow- up project to the UN1DO project was developed by
Dr. Gil Jackson and IMP to investigate the proper disposal of the
most toxic and dangerous discharges to the environment—- material
resulting from the metal finishing operations in Poland — — that
of thousands of tons of mixed metal sludges resulting from decades
of conventional hydroxide end of pipe treatment.This project was
organized with the USEPA.lt consists of developing new methods of
disposing this sludge in segregated landfills—, as well as newer
methods of disposal.

. This cooperative program with the US EPA and the IMP to
investigate alternative methods of disposing of the mixed watered
metal bearing sludge that result from electroplating operations and
are difficult to dispose of. The objectives of this program were
threefold.
One, to investigate inplant methods to reduce sludge, and
segregate waste streams for further recovery and treatment.
Second, to study and understand the ways sludge form and dewater
to prepare for adequate disposal or further utilization.
Third to understand and develop proper methods of safely disposing
mixed metal finishing sludge, including sludge pretreatment, or
stabilization, and solidification or encapsulation to properly
eventually dispose of the sludge.
The IMP and the UHIDO program
The applied research for the Polish metal finishing industry is
conducted by the Institute of Precision Mechanics(Instytut
Mechaniki Preyzyjnej, or IMP),Warsaw. It was created in 1947 and
consists of. two overall divisions, one , under the late Dr.
Professor Tadeusz Zak, was aimed at the metal finishing industry
and protective coatings. This group had an environmental protection
department in which this study resided. IMP was technically under
the Ministry of Machine Industry but the crosscutting activities of
the environmental group actually allowed tit to fall under five or
six ministries due to the diverse nature of the client plating
plants in automobile plants, television plants, furniture plants,
. :d bathroom fixtures. IMP staff consists of 1500 members and was
mandated by the Polish government to make technical and
environmental recommendations to these industries.
These projects are funded by the Ministry of Machinery on a
priority basis and the time period of each project from inception
to industry acceptance varies from one to three years and there are
one to three specialists assigned to each industrial project.About
three to four new applied research concepts from the environmental
group are accepted annually. The total amount of treatment
technologies adapted since the group's inception amounts to over
sixty . About 250 of the larger 800 Polish metal finishing plants
in Poland have adapted some form of their technology. These
primarily consist of the larger metal finishing operations
leaving the remaining smaller operations to fend for themselves on
an ad hoc basis.

The IMP specialists act as direct consultants to the individual
plants and assist them in developing specialized systems for
treatment that would help the plant met effluent guidelines'.and



about twenty plants annually are consulted. The expenses for the
direct improvements and the IMP specialists are paid directly to
the Institute.
The IMP specialists also take in evaluations of new environmental
plants from abroad and discuss and select the final choices.

IMP specialists also cooperated with various groups responsible
for future plant design development, and construction. The largest
design office was the Zugel group , in Lodz Poland , who designed
and developed blueprints for the design and construction of new
plants,and the "retrofitting of older plants. The design office
also constructed the equipment . There are ten other smaller design
offices throughout Poland. IMP specialists are constantly called
upon for technical assistance in any and all of the aforementioned
design operations whenever it has to do with metal finishing and
waste treatment. There are over 200 design projects in metal
finishing. The design group must have IMP approval for final
designs, and the IMP specialists could approve, redesign or even
reject a proposed project.

The group enjoys a high technical reputation among the Polish
Industry and have even consulted with other nations including Iraq,
Iran, Czechoslovakia, and other Eastern European countries.

Internally the group were not part of the factory systems and
also were looked upon as only technical experts needed to meet
government regulations and not integrated within the economics or
philosophical approach of the plant. In short, the IMP specialists
were unreimbursed interlopers asked to contribute technically while
not part of the overall planni' g, conception and construction of
the plants. This approach proved to be a flaw in the successful
outcome of the overall program.
New Directions in Pollution Prevention
Following the precepts of pollution prevention, attempts were
initiated to introduce new ideas of material recovery and other
basic pollution prevention approaches to the Polish electroplating
industry through the specialists of IMP in a cooperative series of
demonstration projects.

Initially it was recognized that several newer concepts, such as
allowing bath and water constituents to be recovered , would be
suitable to Poland. However the greatest improvement for the least
expenditure was to incorporate in-plant modifications and in -plant
control techniques to reduce dragout of the bath chemicals in the
rinse waters, to conserve water by reduction of wastewater volume
discharged to water treatment units. The objective of all in-plant
modifications,as IMP indicated for developing country conditions,
was to be made at a minimum of cost, without affecting the final
product quality and production throughput.
A demonstration site was selected the "Fabryka Samochodow

Osobowych" or FSO plant in Warsaw.This plant is situated in the
Zeran district of Warsaw and produces 120000 cars annually. This
plant was opened in 1947 and feeds a domestic car industry ranked
tenth worldwide and whose demand greatly outstrips its supply.
The plant produced, at the time, the Polski FIAT 12 5P ,



manufactured from purchase of a license from Fiat of Italy, and now
produces the Polonez automobile, a joint Italian -Polish venture,
introduced in 1976. The water consumption of the plant is 367 cu.
m./hr, although it was originally designed to operate at 250 to 300
cu. m./hr. About 25% of the total plant's water consumption comes
from the metal finishing operations with the rinsing operations
accounting for almost all of it.

Total water consumption per automobile is 20 to 30 cu.m. with
90% of it coming from the plating operation. This series of plating
lines were built from license agreements from EFCO, a division of
OXY petroleum.

It was decided to present a series of suggested changes to the
management of the FSO plant with the cooperation of the IMP
specialists, the cooperation of th* UNIDO and the implied consent
of the FSO management. Th« plant was visited five times and each
plating line was diagrammed and specific in-plant changes were
suggested. Most of the changes were based upon the Individual
configurations of the plating lines and ,at the insistence of
management, no new tanks were removed or added, and only existing
tanks were employed.

For the most part simple in-plant modifications including fog
rinsing and countercurrent rinsing was suggested for each of six
plating lines.This program consisted of simple pollution prevention
suggestions for minimizing dragout volume (such as slow withdrawal
of parts and proper racking), and application of effective spray or
fog rinsing systems over the hot baths ( cyanide copper, bright
nickel and chrome plating baths) with positive water controls.
Other suggested improvements included installation of triple (or
more) countercurrent rinse tanks, by modest changes within existing
plating line and tank configuration ; and proper management of the
semi-concentrated solutions from the drag out tanks, for example.
Successful application of these modifications would have resulted

in an annual savings at the FSO plant of $150,000/y (from better
chemical recovery and water reduction alone even though the plant
water was heavily subsidized by the Polish government at that
time), with estimated in-plant capital investment costs of some
$100,000 for the six automatic plating lines.Among the other
tangible expected improvements are reduction in effluent toxics
discharges, better effluent quality, improved workpiece quality by
not using raw water, and reduced sludge buildup.
The project was designed to provide a working example of relevant

Polish in-plant modifications for future adaption by the Polish
electroplating industry: design would depend upon specific waste
problems. In many plating plants the water usage by 40 to 705
depending upon the individual plants application and has been
favorably thought of by Polish industry.

If applied this savings at the FSO plant would have amounted to
a total of overS 1.5 Million but what happened was completely
different.

Over a three year period the project was monitored and the IMP



specialists have visited western plants and trained ,equipment for
research was ordered , but one important ingredient was missing
the project was never fully implemented . Instead only a scaled
down version was implemented and this was subsequently disaantled
five years ago when the FSO want through a aodenization. The FSO
management and the IMP specialists never got together and fully
completed the project. A great opportunity was lost.
The lack of will or the" soft" side of technology needs to be

attended to if these type of projects would achieve fruition. The
concept of technology changes itself is changing to include more
"soft" technologies —organizational and managerial techniques that
yield significant efficiency and productivity improvements. To a
large extent the achievement of ever increasing levels of
efficiency in industrial operations, such as plating operations,.
This component was missing in the past, particularly on this
project, where productivity improvements were seen as largely
deriving from improvements in the productivity of capital and labor
and through technological innovation in terms of hardware. More
recent examples of the importance of "soft " technologies to
productivity enhancement and the achievement of Sustainability in
he environment has been highlighted by the success of the"
Japanese'1 model and by the heavy emphasis on the productivity
enhancing aspects of waste reduction , improved process efficiency
proper maintenance of equipment, optimal handling and utilization
of material inputs and efficient materials handling,etc which have
positive environmental implications.

Some specialists have thought about the "soft " approach in
terms of pollution protection and one of most prominent is
Hirschhorn(4) who states that "the software of pollution prevention
is as significant as its hardware. Speaking of pollution prevention
technology is not as meaningful as speaking of add-on pollution
control technology . Every detailed study of pollution prevention
in the United States has concluded that industrial implementation
has been limited more by the soft side of pollution than the
absence of technology. Another proof of this is that a few
companies have reported impressive reductions in waste generation
whereas the majority of companies in the same industry have not.
The difference is not due tc technology,government policies, or
consumers, but rather to internal management commitment"

Another expert is A. Wad(4) of Northwestern University who was
speaking about application of pollution prevention technology ion
developing countries stated " the critical need is to enhance
the awareness and commitment of management in developing country
firms to the potential for environmentally sound industrial
development through the implementation of "soft" technologies in
addition to the more conventional emphasis on "Hard" technologies,
and these facilitate their access to the know how in these areas.
Particularly useful here would be the exchange of experiences from
other developing countries with "soft" technologies that have
proved to be environmentally positive."

Thus in the developing countries it is important to note that
while new technologies can play a significant role in achieving

10



Environmentally sustainable industrial development the role of
seemingly minor more conventional process innovations and creative
organizational changes , such as countercurrent rinsing
improvements, should not be underemphasized. There are literally
scores of private developing companies could achieve significant
productivity and environmental improvements through the
introduction of small changes. Again Hirschhorn(3) cites an example
similar to the IMP case but vhich took place in the United States
: "A plumbing equipment manufacturer was producing hazardous waste
from an electroplating line. A significant part of the waste
resulted from plating parts which ware found to be defective after
plating. The simple waste reduction solution: inspect parts before
plating rather than afterwards..."

4. C0MCLU8I0MB MR) MC0100QIDATX01IB
This early attempt at imparting pollution prevention principles

to the country of Poland, a middle income country, in the
Electroplating industry has met with failure due to the lack of
commitment of the management of the plants selected for
demonstration programs.

Early designs incorporating simple in plant modifications and
technical common sense were presented and agreed upon , the
pollution control laws of the country were in place and emulated
the US at that time, and the UNIDO, a worldwide body charged with
attempting to increase pollution prevention standards among lesser
developed countries was contacted by the host country, was also a
prime component of this study.
The reasons for this ultimate lack of support , despite obvious

immediate financial gains for a small investment, are manyfold and
complex but are typical of industrial approaches taken by MICs.
The country was interested in converting its natural resources into
hard currency without regard to the long term environmental
consequences of their actions. Also part of the industrial approach
is to use cheap labor and a semiskilled workforce to increase
industrial production but ultimately ,in Poland , the debt for
industrialization greatly outstripped the global advantages
associated with any hardware developed.
Perhaps a quote from the Polish national anthem should be noted

here relating to one of Poland's two major rivers:
"The Vistula doth ever glide, through the Polish

countryside"
If Pollution prevention concepts are adapted it will glide, cleaner
in the future.

S. APPENDIX- DETAILS TOR TEE PSO MODIFICATIONS

The following in plant pollution prevention modifications were
suggested to the FSO plant management in April 1977 - Sept 1980.

Line 1 large Coppver plating line

11



1. Installation of a fog rinse system over the hot copper
cyanide plating bath . This bath has a capacity of 57 cu.m.

2. Installation of a triple countercurrent flow rinsing
configuration with hot denineralized water replacing a double
countercurrent rinsing system with a raw water input, and a single
deaineralized hot rinse tank.

•stinted environmental savings:
These modifications were expected to cause better rinsing,

reduce drag out, and lower the work piece rejection rate. The fog
rinsing system is anticipated to recover valuable bath chemicals.

IMP specialists estimate that the water savings would be all the
raw water entering this line—2.5 cu.m./hr. Theoretically the
current water usage for the single original demineralized rinse
tank system would be adequate for the new triple countercurrent
system.
Possible concern for the configuration would be potential buildup
of carbonate accumulation in the copper cyanide bath due to fog
rinsing, and would be tested by the IMP staff.

Liae 2 large nickel chromium plating line
1. Employment of the fog rinsing system for nickel plating

bath.
2. Employment of the fog rinse system for the nickel seal bath.
3. After the nickel seal bath configuration is a single rinse

tank and a high impact spray rinse. Suggested changes including
using existing tanks for a double counterflow situation., Estimated
water savings is 4.5 cu.m./hr.

4. After the chromium plating tank the current configuration
had a static dragout tank , a single rinse tank, a single rinse
tank, a neutralization tank, a single rinse tank with demineralized
water . Suggested modifications is to utilize all the existing
tanks to form a six or seven tank counter-current rinsing system
using only the demineralized water.

Estimated water savings would be 12 cu.m./hr raw water. The
current demineralized water usage for the single tank is
theoretically possible to adequately supply all of the
corntercurrent tanks with water. Estimated demineralized water
savings is 0.35 cu m/hr.

5. The solution from tha chromium dragout tank is
periodically dumped into the general effluent treatment plant.

It is suggested that the chromium "dragout" bath be recovered
and reused for evaporation "losses" or partially treated in a
separate concentrated bath treatment section.

Liae 3 Small Copper Plating Lines.

Suggestions 1. Installation of a fog Rinse System over the hot
copper cyanide plating bath. This removes some of
the concentrated bath solution, replaces
evaporation losses and may eliminate some of the
concentrated waste from the dragout tank.

12



2. Replacement of the currant rinsa system aftar the
acid coppar plating tank consisting of double
counter currant flow tanks and single demineralized
rinse water tank with a triple counter current flow
system with hot demineralized water. This new
configuration will save 1,5 cubic meters/per hour
raw water and require an additional 0,5 cubic
meters/per hour of demineralized water.

Line 4 Small MicJcel-cfcxomium Plating Line.

1. Installation of fog Rinse Mechanism on the Brite Nickel
plating bath. This recovers some of the Brite Nickel
concentrated solution reduces dragout and replaces evaporation
losses.

2. Replacement of two single rinse tanks after Brite Nickel
plating tank with double counter current flow configuration.
Resultant water savings is 1,5 cubic meters/per hour.

3. Installation of a fog rinse device over the Nickel Seal bath.

4. Rinsing configuration after Nickel Seal Bath consist of a
dragout tank, a single rinse tank, and an impact spray tank.
Two alternative modifications are suggested here:

a/ employ triple counter current flow rinsing, or,
b/employ a double counter current flow sense technology
and positive control spray rinse tank/only rinse when
work piece is actually inserted/.

Resultant water savings is estimated to be approximately 3,5 cubic
meters/per hour.

5. After the Chromium plating tank current configuration is
dragout tank, single rinse tank, neutralization tank, single rinse
tank, and static rinse tank with demineralized water. Suggested in
plant modification employing existing equipment is to employ a
four-stage counter current flow configuration with demineralized
water and conserve the dragout tank.

This results in a savings of 6 cubic meters/per hour raw water
and an increased demand for demineralized water form 1.0 cubic
meters/per hour to 1,9 cubic meters/per hours resultant increase in
demineralized water demand is 0.9 cubic meters/per hour.

Line 5 Polish Zinc Cyanide Plating Line.

1. For this configuration two suggestions were made to replace
two single rinse tank configurations with a double counterflow
configuration in two rinse station emplacements on the line.

13



Line « S M I I nickel Chromiua Line.

1. For this plating line it is suggested that instead of the
current rinse configuration, after the Chroniua plating bath,
of a double counter current flow and a single deaineralized
tank to modify this to a triple counter current flow rinse
station eaploying only rinse water. Theoretical calculations
indicated that the current single tank denineralized water
flow of 0,5 aeters/per hour would be sufficient for the
rinsewater requirements of the new triple configuration.
Therefore the total raw water savings in this line is
estimated to be 1,7 cubic aeters/per hour.

General recommendations for "FSO" Demonstration Site:

1. The work pieces should be designed with slower withdrawal rates
and shorter over-the-tank drip rates.

2. The bath operating temperatures should be maintained at the
highest level possible.

3. If impact pressure spray is employed positive controls should
be installed. This could activate spray when work piece is
actually inserted in rinse tank and avoid continuous water usage.

Expected results of 780 Demonstration Project.

The partially or fully successful application of the aforementioned
modification or six automatic plating lines would result in the
following improvements:

1. The better recovery of valuable bath solution from the Nickel,
Copper, Chromium, and Zinc plating operations.

2. The resultant reduction of chemical solution dragout and a
reduction in effluent toxics discharges This reduces the
burden upon the wastewater treatment system. The toxics
reduced include cyanides, Nickel, Chromate, Copper.

3. The estimation of a minimum savings of 36 cubic meters/ hour
raw water alternation in rinsing configurations. This figure
could be higher depending upon actual operating conditions.

4. The employment of positive controls on all impact rinse
stations could conserve a minimum of 10 cubic meters/per hour
raw water.

5. The usage of a slightly larger amount of demineralized water,
about one cubic aeters/per hour, but the pieces will be rinsed
with a purer water. With countercurrent flow rinsing mode the
surface area of work piece exposure per unit of new rinse
water volume increases resulting in clearer, efficient, and
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safer rinse technology. Thus, the work quality increases.

On an annual basis it 1* estimated that, based upon two shifts, the
total water saving wouid be anticipated to be 1000 to 1500 cubic
meters/per hour or 35C0Q0 to 525,000 cubic meters/per hour
annually/based on 350 work days/.

6. The suggestions would reduce the concentration of Toxics
emitted, afford better recovery, reduce sludge build-up
and create better final effluent quality.

7. The Wastewater Treatment facility could a
ccommodate future anticipated production increases at the FSO
plant. Thin is due to reduction of current waste below the design
capacity of the system.

It should be noted that all calculations of anticipated water
savings are based upon that written for design operating
conditions. It is anticipated that these water flows are higher in
actual plant practice this resulting in an even higher resultant
water savings. This will be measured by the IMP specialists.

ECONOMICS.

1. The cost savings is difficult to ascertain in certain
modes such as reduced loading upon the waste treatment
facilities, lower work piece rejection rate, lower toxic
concentration, and reduction of dragout.

2. The cost savings for chemical bath recovery through
static rinse tank recovery and fog rinse technology can
be conservatively estimated at, a 50 percent chemical
recapture rate, 4 million Zl/yr. or at the official rate
of 20 Z1/US$ about US$ 200,000 annually.

3. The cost savings for water reduction based upon the lower
water rate of 10 Zl/m3 would be approximately two to five
million zl/yr or converted to dollars about US$ 100,000
to US§ 250,000 annually. This is a conservative figure.
Therefore the total cost savings is US$ 300 to US$
450,000 annually, but could run as high as US$ 1 million
to$ 3 million.

The cost output for the plant would be minimal. No new
capital equipment need be purchased, prepared, or installed. Only
existing equipment will be altered or modified slightly. The rinse
technology requires only alteration of piping. The fog rinse
technology may require purchase or development of new aerosol
piping configuration, pumps, and compressor lines for good fog
production and demineralized water output. Estimated in-plant
investment costs are approximately US$ 12,000 - US$ 20,000 per
plating line for a total of US$ 72,000 to US$ 120,000 for the six
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automatic plating lines. The payoff time for such a small
investment based on the estimated annual savings would be lass then
one year.

The IMP specialists have developed an official presentation to
the FSO directorship. It is anticipated, if final approval is
given, that this project will be monitored over the next year and
progress reported in Phase II.

All of the anticipated in-plant costs will be borne by the FSO
factory.

PLANT VI8ITATIOH8

Aside from the FSO site several other Electroplating
operations throughout Poland were visited by myself and appropriate
IMP specialists. These are specialists that have previously
consulted with the plant and are familiar with the plating line,
waste treatment facility, and responsible in-plant officials and
engineers. A partial listing of the plant sites visited/and
dates/are outlined below Officials approval was obtained in advance
for all visits:

DATES

3/27/77

3/28-31/
77

4/5*7/
77

4/5/77

4/15-22/
77

4/28/77

PLANT MAKE

IMP plating shop

Krakowskie Zaklady
Armatur

Fabryka Samochodow
Osobowych/FSO/

Warszawskie
Zaklady Telewizyjne

Fabryka Samochodow
Makolitrazowych/
FSM

A. Tychy
B. Sosnawiec

Zaklady
Mechaniczne
Przenysku
Poligraficznego
"GRAFMASZ"

DESCRIPTION

Small plating shop

Largest manufacturer
of bathroom fixtures

Manufacturer of Polski
FIAT 125P/large Fiat

Television Set
manufacturers

Manufacturers of
small FIAT 126P

Manufacturers of
printing equipment for
off-set plates

LOCATION

Warsaw

Krakow

Warsaw

Warsaw

Silesia
Region

Warsaw

Similarly suggestions for the Television plant included
alternations in rinse and waste treatment technology. This include
better waste separation technology to render sludges in a more
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recoverable form.

The new FIAT 126P plant/FSM/ in Tychy was toured and
discussion or iaproved rinse stations by employing some
countercurrent technology was suggested the waste treatment system
at Tychy is a Lancy integrated system but operating and recovery
problems exist due to lack of further utilization of separated
sludge cakes. The water effluent quality sore than meets Polish
discharge standards. This is a well operated plant.

The plant in Sosnowice has an older Automatic line for plating
small automobile parts. Numerous rinsing charges were suggested
along the automatic line converting single rinse stations to
double, triple and quadruple stage counter-current rinse stations.
These suggestions were nade along siailar lines to the FSO project.
The treatment plant is a conventional one with mixed sludge
resulting.

The "GRAFMASZ" plant is a sewer plant employing the Lancy
integrated plating system with chemical rinsing. The lancy system
renders separate treatment and sludge for the Chromium, Nickel and
Copper. Unfortunately all of the separated sludges are then
remixed in a filter press which renders the entire separation
process useless amounting to 5 tons/Month. It was suggested that
the sludges accumulated for the aforementioned heavy metal species
stay separated and techniques for recovery of the metal will be
developed by IMP.

It was suggested that a separate filter press be purchased for
chromium sludge recovery and copper/Cuprous Oxide/recovery. The
Lancy system was underdesigned for chromium I and II recovery tanks
so another chromium II recovery tank was suggested so as not to
overload the final rinse storage.

In addition, several alternative rinse tanks adjustments were
suggested replacing single rinse tanks with multiple counterflow
arrangements that are gravity-fed eliminating the need for a pump.
Fog Rinsing arrangements were suggested above two bath tanks for
the future.

In general in the survey of existing plants and the seminars
given to the IMP staff and electroplating personal the technology
suggested was plant-specific. The general premise was that waste
treatment problems originate in the electroplating plant thus
reducing dragout is more effective in the plating plant before
entering the wastetreatment plant. The wastes should be treated
and the resultant sludge-should be separated to achieve metal
recovery and approach zero pollutant discharge.

REFERENCES:
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Figure M l . Multiplt-Unk rinsing.
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Figure 1-12. Spray rinsing.
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Polish Effluent Limitations

Discharge? into Natural V.'atar Bodies

Kane;Type Units /maxinurc or less

I II i n

Dissolve Oxygen/00/ sigO2/liter 6 / m i n / 5 / n i n / ^ ~ i

Biochemical Oxygen
Dsraand /E0D2/ ir.gOj/liter 4 8 12

Chemical Oxygan
d / /Demand /COD/

Chlorides

Sulfates

Total hardness

Total Dissolvea
Solids

Suspended Solids

Temperature

pK

mgOZ/liter

ragCl/liter

mgSO^/liter

nval/liter

rng/liter

ng/litar

C°
pH units 6

10
250

150

7

500

20

22

.,5-8

20
300

200

11

1000

30

2G

,0 6,5^9

30
400

250

14

1200

50

25

,0 6,0-

N 02 ngi::-:O2/liter 1,5 7,0 15,0

Organic Nitrogen ngNorrt/liter 1,0 2,0 10,0

Total Iron ngFe/liter 1,0 1,5 2,0

Total :tn mg.'ln/liter 0,1 0,3 0,3

Total phosphates rv3?O4/liter 0,2 0,5 1,0

Thiocianides mgCJ3S/liter 0,02 0,5 1, C '•

Free Cyanides r.gC;!/liter 0,01 0,02 0,05

Complex cyanides n,gMe/c;Vx/Uter , §Q 2 # 0 3 / Q

Volatiie pher.ols ng/liter 0,005 0,02 0,05

Detsrgsnts mg/liter 1,0 2,0 3,0

Grease and oils r.g/liter 5,0 15,0 40,0



- 2 -

!cna Type Unit: II III

Lead

Mercury

Copper

Sine

Cadnium

Chronium/+3/

mgPb/liter

ngKg/liter

mgCu/liter

mgZn/liter

mgCd/liter

mgCr/liter

mgCr/litar

Kickel ngNi/liter

Total Keavy netais mg/litar

Silvsr mgAg/liter

Vanadium ngV/liter

Horcn mgB/liter

Arsenic mgAs/litar

"rae chlorine mgCl^/liter

riuoridas mgF/liter

Sulfides mgS/liter

Acrclcnitrile mg/liter

Coilifornss/total/ ma/liter

Tish Cio Assay test 24 hour test

colour

cdour

0 , 1 0 , 1 . 0 , 1

0 , 0 0 1 0 , 0 0 5 0 , 0 1

0 , 0 1 0 , 1 0 , 2

0 , 0 1 0 , 1 0 , 2

0 , 0 0 5 0 , 0 3 0 , ^

0 , 5 0 , 5 0 , 5

0 , 0 5 0 , 1 0 , 1

1 , 0 1 , 0 1 , 0

1 , 0 1 , 0 1 , 0

0 , 0 1 0 , 0 1 0 , 0 1

1 , 0 1 , 0 1 , 0

1 , 0 1 , 0 1 , 0

0 , 0 5 0 , 0 5 0 , 2

none detectible

1,5 1,5 2,0

non;detectible 0,1

2,0 2,0 2,0

1,0 0,1 0 ,'"01

non detectibls *

Fish free from any
fatalities in 24 hours

n a t u r a l

n a t u r a l



TOLISH EFFLUENT

Discharge limitations into Minicipal Tretment Systems

Pretreatment Standards

Name

BOD5

COD

Chlorides

Sulfatss

Units

mgO2/liter

mgO./liter

ngCl/liter

mgSO./liter

Total Sissolved Solit mg/liter

Suspended Solid

Temperature

PH

Ammonium Nitrogen

Total iron

Thiocyanides

Cyanides

Phenols

Detergents

Oils

Lead

Mercury

Copper

Sine

Cainiun

Chrcr.iun/ total/

--..,- V..;,.... - O t 2 l 3

mg/liter

°C

pFl units

NH4/liter
mgEe/liter

mgCMS/liter

mgCN/litsr

mg/liter

mg/liter

mg/liter

mgPb/liter

mgKg/liter

mgCu/liter

mgZn/liter

mgCd/liter

mgCr/liter

r»g\i/U-:r

nc/1 j. tor

iMaximum Limits
/Concentration/

700

1000

400

300

1000

330

35-

6,5-9,0

6,0

.10,0

50

1,0

40

10,0

so
0,1

0,5

0,2

2,0

0,1

0,2

•> r\

3 .0
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Name

Soron

Magnesium

Arsenic

Chlorina/Free/

Sulfides

Car*ron -Usulfiile

Hethyl alcohol

naphtha

Carbides

Trichloroetr.yler.e

AlUaloids

Sugar

Organic acids

Trinitrotoluene

Units

sig/liter

mg/:'.g/liter

mgAs/liter

mgCl2/liter

mgS/liter

mgCS2/llt«r

mg/liter

mg/litar

mgCaC2/liter

mgCHClCClj/liter

mg/liter

mg/liter

mg/liter

mgc6K2CK3/::o2/3/litsr

Maximum LL^ites
/Concentration/

1,0

300

0,2

5,0

3,0

5,0

15,0

30

0,0

0,0

0,0

150

10

0,1



Application of Leaching Algorithms and Worst-Case Analysis
to Assessment of Risk to Ground Water from Contaminated Soils

Wesley L. Bradford and Jeffrey Flanzenbaum

ABSTRACT

Soils contaminated by hazardous substances pose a risk of ground-
water contamination. In the USA, regulations on the management of
hazardous waste treatment, storage or disposal facilities require
that at closure the facility achieve a standard of soils decon-
tamination sufficient to protect human health and the environment
from future contamination arising from the facility or be closed
with engineering controls sufficient to achieve the standard.

Accurate determination of metal and organic compound concentrations
in soils left in place sufficient to prevent ground-water contamin-
ation poses uncertainties arising from the complex mechanisms of
contaminant leaching through the vadose aone. Moreover, predictive
modeling of the leaching process can be a complex and expensive
undertaking. However, application of simple algorithms to roughly
and conservatively simulate leaching through the vadose zone and
dispersion in ground water, coupled with conservative worst-case
assumptions, can often either demonstrate that soils left in place
pose insignificant risk to ground water, or provide conservative
estimates of target soil decontamination levels sufficient to
protect the potential future users of ground water.

In the example discussed in this paper, we evaluated the potential
for ground-water contamination beneath a 1-acre (0.40 ha) area of
soils left in place using: (1) the Organic Leaching Model, an
algorithm based upon laboratory measurements relating organic
concentrations in soil leachate to solubility to predict the
concentrations of organics in leachates; and (2) the maximum
potential metals concentrations obtainable in a standard Toxicity
Characteristic Leaching Procedure (TCLP), a test designed to
simulate leaching of metals from landfill soils, to predict the
concentrations of both organics and metals in leachates potentially
entering ground water. Consistent with the worst-case analysis
approach, we assumed that the entire vadosn zone soil column
contained contaminant concentrations at the highest levels measured
in soil samples. The concentrations of specific contaminants
predicted in soil leachates were compared with risk-based standards
determined by U.S. EPA. Generally we found that, in the worst case,
the predicted concentrations in leachates themselves were well
below the standards.



To predict incremental increases in the concentrations of
contaminants in hypothetical wells downgradient, we used the
Vertical and Horizontal Spread model, an algorithm which predicts
dilution by lateral dispersion in an aquifer but conservatively
ignores dilution by vertical dispersion and typical attenuation
processes such as adsorption, cation exchange, and biodegradation
which can occur along the transport pathway.

Results demonstrated that even in a worst-case leaching scenario,
the soils left in place at facility closure complied with all
applicable regulatory standards &nd posed no significant risk to
human consumption of local ground water. The closure standard was,
therefore, shown to be achieved without engineering controls.
Moreover, this evaluation used soil chemical characterization data
acquired for other purposes, thus foregoing the need for either
leaching tests or extensive predictive modeling, both of which
would have been time consuming and expersive to conduct.



INTRODUCTION

Contaminated soils can be a source of contaminated leachate which
can enter and cortaroinate ground water. The soils thus pose a risk
of ground-water contamination and a potential health risk to
downgradient consumers of the ground water, as well as other
downgradient receptors such as wetlands and surface streams.

To prevent ground-water contamination by this process, USA
regulations on the management of hazardous waste treatment,
storage, or disposal facilities require that when the facility is
closed the soils achieve a standard of decontamination sufficient
to protect human health and the environment from future
contamination arising from the soils. If the standard cannot be
demonstrated to be achieved by soils left in place, engineering
controls such as soil excavation, soil solidification, capping, or
other means to prevent leachate development must be undertaken. In
addition, if clean closure ^closure without engineering controls)
cannot be achieved, the quality of the ground water must be
monitored for at least 30 years, provisions must be made for
corrective action in case ground water becomes contaminated, and
financial assurances must be provided by the facility
owner/operator to ensure that funds will be available for long-term
monitoring and future corrective measures.

Determining whether soils are or are not contaminated sufficiently
to pose a threat to the underlying ground water can be a difficult
and expensive undertaking fraught with risks and uncertainties.
Laboratory analyses of soils and leachates are expensive. Models of
leachate generation and ground-water transport are complex, involve
many assumptions the validity of which are not ascertainable in a
site-specific case, and usually result in predictions which are
open to uncertainty and effective challenge. Moreover, due to these
same complexities and uncertainties regarding the behavior of
contaminants in soils and ground water, the U.S. Environmental
Protection Agency {U.S. EPA) has generally avoided setting
standards or criteria for acceptable contaminant concentrations in
soils. Thus an owner/operator seeking to close a hazardous waste
facility has very few standards and very little guidance upon which
to judge whether the soils are clean enough to be left in place
without engineering controls and the associated monitoring,
corrective measures contingency plans, and financial assurances
required.

Criteria and standards are available for some contaminants in
soils, laboratory-generated leachates from soils or wastes, and
drinking water. These criteria and standards can be used together
with simple leaching algorithms, ground-water dispersion models,
and worst-case assumptions regarding the levels of contamination in
soils to determine whether the soils pose a threat to ground water.



Application of the techniques illustrated in this paper can build
a weight-of-evidence argument that the soils left in place without
engineering controls will not (or will) pose a possible
contamination threat to ground water and a risk to consumers of the
ground water at a downgradient water supply well.

In using these techniques, our objective is to provide a convincing
argument that contaminants in soils will not violate land disposal
restrictions (40 CFR1 268) and will not pose a threat of
contamination to underlying ground water to the extent that human
health or the environment are also threatened. It is not our
objective to predict the concentrations of the contaminants in
ground water. These techniques are aids to (1) making a decision on
whether to install engineering controls at facility closure and (2)
gaining concurrence on the decision by the regulatory agencies.

We used these techniques on behalf of our client to show that soils
left in place at closure of an impoundment which had stored a U.S.
EPA regulatory-listed hazardous waste stream complied with U.S. EPA
land disposal restrictions and posed no threat of ground-water
contamination sufficient to endanger the health of a hypothetical
downgradient consumer of the ground water. The techniques can be
applied generally where health or risk-based contaminant levels
have been established for drinking water or for leachates from
contaminated soils.

APPROACH

Our approach to building the weight-of-evidence argument was to:
(1) obtain chemical analyses of a representative sampling of the
soils in question; (2) compare concentrations observed with
established regulatory standards or criteria for the soils where
those were available; and (3) where standards were available for
waste-derived leachate or for drinking water, calculate the
contaminant concentrations in the soil necessary to achieve those
standards and compare the calculated values with the highest
contaminant concentrations measured in the soil samples.

References in this form are to the United States Code of
Federal Regulations (CFR), the codification of the general and
permanent rules published by the U.S. Federal Government. Title 40
contains the regulation governing Protection of the Environment.
Parts of Title 40 regulate specific aspects or activities. For
example, 40 CFR 268 is the reference to Code of Federal Regulations
Title 40 r-art 268 which provides rules restricting land disposal of
hazardous wastes.



This approach results in a very conservative assessment of the
potential for ground-water contamination from contaminated soils.
Clearly the approach is not accurate or realistic in terms of
predicting the actual contaminant concentrations in ground water or
leachates. However, since it results in very conservative worst-
case estimates of concentrations, if the soils can be shown to
contain maximum contaminant concentrations (as the worst case)
which are less than those calculated, the weight of evidence
predicting full compliance with regulatory requirements and no
threat of ground-water contamination is compelling.

Contaminants of Potential Concern in the Example Soils

Soils were sampled in a 1-acre (0.4 ha) area of the former storage
impoundment. Boreholes were advanced to a depth of 20 feet using a
hollow-stem auger at 14 location. Soils were sampled continuously
in 2.5 foot lengths using a split-spoon sampler. At 4 locations,
boreholes were advanced beyond 20 feet depth to 70 feet to the top
of a clay confining unit.

A total of 110 soil samples were analysed for the organic compounds
listed in Table 1. U.S. EPA methods were used for the analyses
(EPA, 1986a). The criteria for potential concern initially were
concentrations reported above the analytical Method Detection Limit
(MDL) or detectable above the Instrument Detection Limit (IDL) but
below the MDL; in these latter situations, the concentrations were
estimated. Table 1 indicates those compounds detected either above
the MDL or above the IDL.

In addition, 4 soil samples were analysed for the U.S. EPA ground-
water monitoring list constituents (Appendix IX of 40 CFR 264) .
This list of required analyses of ground water was developed
persuant to the Resource Conservation and Recovery Act (RCRA).
Analyses include volatile and semi-volatile organic compounds,
pesticides, herbicides and dioxins/dibenzofurans analysed by Gas
Chromatographic and Mass Spectrometric (GC/MS) techniques, and
eight heavy metals known as the RCRA metals(listed later) analysed
by Inductively-Coupled Plasma (ICP) or Atomic Absorption (AA)
techniques.

None of the organic compounds in Appendix IX (except those also
shown in Table 1) were detected in the soil samples; the results of
the Appendix IX organic analyses will not be discussed further.



Table 1. Target Volatile Organic Compounds Analysed in Soils

* Acetone

* Benzene

* n-Butyl Alcoholc

Carbon Disulfide

Carbon Tetrachloride

* Chlorobenzene

* Cyclohexanone

* Chloroform

* 1,2-Dichlorobenzeneb

Ethyl Acetate

* Ethyl Benzene

* Ethyl Ether

* Isobutanol

Methane 1.

Methylena chloride

Methyl Ethyl Ketone

* Methyl Isobutyl Ketone*

* Pyridine

Tetrachloroethylene

* 1,1,1-Trichloroethane

1,1,2-Trichloroethane

* l,l,2-Trichloro-l,2,2-
Trifluoroethane

Trichloroethy1ene

* Xylene

Toluene

NOTE:

Detected above the Method Detection Limit (MDL) or above the
Instrument Detection Limit (IDL).
Methyl Isobutyl Ketone is equivalent to 4-Methyl-2-Pentanone
1,2-Dichlorobenzene is equivalent to o-Dichlorobenzene
n-Butyl Alcohol is equivalent to n-Butanol

This list was developed from a knowledge of constituents
in the waste stream entering the impoundments, compared
against the list of compounds of concern from the Land
Disposal Restrictions (Constituent Concentration Waste
Extract (CCWE) Table at 40 CFR 268.41)



The eight RCRA metals were detected in these samples in low
concentrations; those data were evaluated with respect to potential
for ground-water contamination relative to the concentrations of
those metals considered to be hazardous under RCRA (40 CFR 261) and
to the standards for those metals in drinking water. The maximum
concentrations olf the eight RCRA metals in the soils are listed in
Table 2.

Regulatory Criteria for Soil Contaminants

The U.S. EPA provides criteria for determining whether remedial
action should be taken at RCRA-regulated facilities (EPA, 1987a and
1987b). These criteria are based generally on human health risks
due to soil ingest ion or dust inhalation, and not based on
potential for contamination of ground water by leachates.
Nevertheless, these criteria become a basis for one comparison to
observed contaminant concentrations in soil.

Standards for Contaminant Concentrations in Leacha^es

Standards (relevant to this example case) for contaminant
concentrations in leachate from hazardous wastes disposed on land
are listed in the Constituent Concentration Waste Extract (CCWE)
table at 40 CFR 268.41, Land Disposal Restrictions, Treatment
Standards. A leachate, prepared by a standard procedure, from a
hazardous waste2 must have a constituent concentration below that
listed in the table in order to be disposed on land. A standard
leachate is prepared using the Toxicity Characteristic Leaching
Procedure (TCLP) from lOOg dry weight of waste (soil) leached into
2 liters (2.0 kg) of solution. Thus the maximum concentration of a
constituent in the leachate from lOOg of waste is l/20th the
constituent concentration in the waste if all the constituent
leaches. That is

Cy x 0.1 kg = CL x 2 liters

where Cy = constituent concentration in the waste (mg/kg)
CL = constituent concentration in the leachate (mg/L)

Thus CL (max) = Cu x 0.05.

The CCWEs were established by U.S. EPA in part to protect ground
water from contamination by the constituents of a hazardous waste.

2Under the RCRA definition of a hazardous waste, a soil
contaminated by a listed hazardous waste is considered to be a
hazardous waste also until proven otherwise.



Table 2. RCRA Metals Detected in Four Soil Samples

Metal

Arsenic

Barium

Cadmium

Chromium

Lead

Mercury

Selenium

Silver

Detected Maximum
(rag/kg)

7.9

19

0.47

4.6

8.9

0.36

<1.2

<0.5

Common Range*
(mg/kg)

1 - 5 0

100 - 3000

0.01 - 0.7

1 - 1000

2 - 200

0.01 - 0.3

0.01 - 2

0.01 - 5

The range of concentrations of the eight RCRA metals measured
in uncontaminated soils in the U.S. (EPA, 1983).

The constituent was not detected in any sample at the
Instrument Detection Limit (IDL); the value shown is the
Method Detection Limit (MDL).



One may determine quickly whether a contaminated soil meets the
CCWE standards by dividing the numerical value of the constituent
concentration in the soil by 20 to obtain a numerical value for the
maximum, worst-case constituent concentration in the TCLP leachate.
Except for the highly soluble constituents (eg. acetone, alcohols,
soluble inorganic salts) only a small fraction of most organic and
inorganic constituents will leach completely; thus if the
constituent concentrations in the waste divided by 20 do not exceed
the CCWE, land disposal in the USA is permitted and, by
implication, ground water would not be adversely impacted.

Drinking Water Standards

The U.S. EPA sets enforceable standards or Maximum Contaminant
Levels (MCLs) for inorganic and organic constituents in public
water supplies (40 CFR 141) . The MCLs and other enforceable
standards are based on concentrations at which no adverse effect-
have been observed in human populations or laboratory animals in
chronic exposure. In the USA, the MCLs are usually the primary
basis for determining cleanup levels for contaminated ground water.

In addition, U.S. EPA sets non-enforceable Maximum Contaminant
Level ^oals (MCLGs) for constituents in public water supplies for
which evidence of adverse effects from chronic exposure to the
contaminant in water exists, EPA believes a low standard should be
set, but technology to achieve the standard in drinking water is
nut available. A MCLG is commonly used as the basis for setting
cleanup levels when a MCL has not been established for the
constituent.

The Organic Leaching Model

The Organic Leaching Model (OLM) (EPA, 1986b) was developed for
U.S. EPA as a means to assess potential concentrations of organic
constituents in leachates of contaminated soils. The model
algorithm was developed from an existing data base of leaching test
results and supporting information including the solubility of the
organic compound in water and the organic carbon partition
coefficient (Koc). The best-fit algorithm relates the concentration
of the organic constituent in the leachate to the concentration of
the constituent in the waste (soil) and the solubility of the
organic constituent as;

Cu = 0.00211 S0-373 Cu
0-678

where CL = predicted concentration in leachate (mg/L)
Cw = concentration in the waste or soil (mg/kg)
S = aqueous solubility of the organic constituent

(mg/L)



The OLM algorithm may be used directly to estimate the constituent
concentration in a leachate (CL). Conversely, by solving for Cu, the
maximum allowable constituent concentration in the waste or soil
needed to meet a particular standard or criterion in the leachate
(ie. a CCWE concentration, HCL or MCLG) may be calculated as

(Criterion in mg/L) 0.678

0.00211 s0-373

The Vertical and Horizontal Spread Model

The Vertical and Horizontal Spread Model (VHS) (EPA, 1985) is a
model algorithm developed for the U.S. EPA and used to predict the
incremental increase in concentration of a constituent arising from
a source (such as a leachate) in a hypothetical well 500 feet
downgradient from the source. The model takes into account the
volume and dimensions of the source and dilution by lateral
spreading or dispersion. It ignores dilution by vertical dispersion
and decreases in constituent concentrations along the transport
pathway due to typical processes such as adsorption, cation
exchange, and biodegradation; thus the model is highly conservative
in its predictions of dilution along the ground-water transport
pathway. In the example cass, the dimensions and volume of the soil
were very large so that a dilution factor (DP) of 6 was calculated,
the lowest DF obtainable by the model.

The VHS model is used to illustrate the worst-case incremental
increase in contaminant concentration in a hypothetical
downgradient well arising from an upgradient leachate source. Since
the model is conservative in its predictions, its application can
provide further convincing evidence that the contaminant source
will pose no risk to a downgradient consumer or other receptor of
the ground water. (NOTE: The EPA proposed (Federal Register
56(138):32993-33013, Thursday, July 18, 1991) to replace the VHS
model with EPA's Composite Model for Landfills (EPACML). The
dilution factor (DF) for the evaluation discussed in this paper
would be the same (DF = 6) using either the VHS or the EPACML).

RESULTS

Evaluation of Organic Contaminants

Comparison of the maximum observed organic contaminant
concentrations in 110 soil samples with relevant regulatory
compliance concentrations for organic contaminants is summarized in
Table 3.
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Table 3. Comparison of Maximum Observed Soil Organic Contaminant Concentrations Against
Maximum Allowed Soil Contaminant Concentrations Calculated Using Relevant Criteria

Organic

Acetone

Benzene

n Butanol

Chloroform

Chlorobenzene

Cyclohexanone

D/chloro-
benzene

Elhylbenzene

Ethyl Ether

Isobulano!

4Melhyl2
Pentanone

Pyndine

1.1.1 Tri
chloroelhane

1.1.2-Tn-
chloro-1.2.2-
Triftuoro
ethane

Xytene

Observed
Maximum
(mg/kg)

0 060

0 024

0 130

0 005

0 250

0034

0007

0.008

0006

0160

0003

0.290

0005

0012

0046

Guidance
( J )

(mg/kg)

NA

0 04

NA

0 01

40

NA

100

NA

NA

400

NA

20

NA

NA

NA

CCWE"
x20

(mg/kg)

118

NA

100

NA

1.0

15

2.5

1.1

15

100

66

6.6

82

19

3.0

OLM with
CCWEC

(mg/kg)

21

NA

195

NA

3.6

23

32

7.3

14

173

8.1

066

23

25

37

GIMwJJh
MCUMCIG

{mg/kg)

NA

006

NA

3.2

10

NA

IS

316

NA

NA

NA

NA

82

NA

18130

CCWEb

(mg/L)

0.59

NA

5.0

NA

005

0.75

0.125

0.053

0.75

5.0

0.33

0.33

0 41

0.96

0.15

MCL'ot
MCLG"
(mgrt.)

NA

0 . 0 0 5 '

NA

0 . 1 *

0.1 d

NA

0.075 '

0.68 d

NA

NA

NA

NA

0 . 2 '

NA

10 •»

SotuMrty

(mg/L)

1.000.000

1.750

77.000

8.000

466

23.000

100

152

60.000

85.000

17.000

1.000.000

4.400

20.000

130°
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Footnotes for Table 3.

J Surface Impoundment Clean Closure Guidance (EPA, 1987a) and RCRA Facility Investigation
Guidance (EPA, 1987b).

b CCWE = Constituent Concentration Waste Extract at 40 CFB 268.41.
c OLM = Organic Leaching Model (EPA, 1986b)
d MCLG = Maximum Contaminant Level Goal. Non-enforceable criteria promulgated under the

Safe Drinking Water Act. Regulations at 40 CFR 141.
e MCL = Maximum Contaminant Level. Value shown is the MCL or other enforceable standard

promulgated under the Safe Drinking Water Act. Regulations at 40 CFR 141.
' Sources of solubility data: Verschueren (1983) and the Superfund Public Health

Evaluation Manual (EPA, 1986c)
9 The value shown is for m-Xylene which has the highest solubility of the three Xylene

isomers.

NA means None Available. Standards or criteria have not been set.
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In order to make the evaluation conservative, we chose to compare
the maximum concentrations observed, rather than another
statistical measure of the data set such as the 95th percentile,
against the applicable or relevant standards. This approach implies
that the entire mass of soil is assumed to be contaminated to the
maximum concentration observed in the soil analysis results.

By inspection it is clear that the maximum observed concentrations
in the soils are all well below relevant criteria from the Surface
Impoundment Clean Closure Guidance (EPA, 1987a) and the RCRA
Facility Investigation Guidance (EPA, 1937b).

The column headed "CCWE x 20" shows that the maximum observed
concentrations in the soils are all less than the concentrations
necessary to produce a leachate with contaminant concentrations
equal to or greater than the CCWE standard. This evaluation is also
very conservative because it assumes that all of the available
organic constituent in the soils will leach in'zo a standard TCLP
leachate, which certainly will not occur except for the highly
water soluble constituents such as acetone and pyridine.

The column headed "OLM with CCWE" attempts (through the use of the
OLM) to account for solubility of the organic constituent in
generating a hypothetical TCLP leachate. In this evaluation also,
the maximum observed concentrations of the organic constituents in
the soils are in all cases well below those necessary to produce a
hypothetical TCLP leachate containing organic constituent
concentrations equal to or exceeding the CCWE standard set by U.S.
EPA for land disposal of hazardous waste, including soils
considered to be hazardous wastes.

The column headed "OLM with MCL or MCLG" evaluates (using the OLM)
the organic constituent concentrations in the soils necessary to
produce a hypothetical TCLP leachate containing organic constituent
concentrations equalling or exceeding the enforceable standards
(MCLs) or the non-enforceable goals (MCLGs) for drinking water. In
this evaluation also the maximum concentrations observed in the
soils are well below those needed to exceed the MCLs or MCLGs in
the leachate.

In this evaluation it was unnecessary to show using the VHS model
that the concentrations of the organic constituents in a
hypothetical downgradient water supply well would be below a
drinking water standard (MCL) or goal (MCLG); the standard TCLP
leachates themselves would contain constituent concentrations well
below those levels.

13
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Evaluation of metals concentrations in the example soils with
respect to compliance with the standards for identification of
hazardous wastes under RCRA (40 CFR 261) and with respect to the
risk of ground-water contamination by leachates of the soils, is
summarized in Table 4.

Consistent with a conservative worst-case approach, the soils are
assumed to contain concentrations of the eight RCRA metals equal to
the maximums observed in the analyses of four soil samples. The
maximum possible concentration of metals in a standard TCLP
leachate, assuming all of the metal is leachable, was first
compared to the RCRA standard for identifying a characteristic
hazardous waste, namely that the concentration of the metal in a
TCLP leachate equal or exceed the RCRA standard. From this
evaluation it is clear that the soils in this example case would
not be considered a characteristic hazardous waste under RCRA.

The next step in the evaluation is to consider whether the
incremental increase in concentrations of the metals in a
hypothetical downgradient well would by themselves exceed the
enforceable standard for drinking water (the MCL). In this case,
dilution by lateral dispersion as predicted by the VHS model is
applied. In the example, a worst-case analysis assuming (1) the
soils are all contaminated to the maximum observed, (2) all of the
metals are leachable, and (3) dilution by lateral dispersion is the
only process attenuating the metal concentration in the leachate
along the transport pathway shows that the incremental increase in
concentration in the downgradient well could exceed the MCL for
arsenic, lead, and mercury. Thus compliance with the enforceable
drinking water standard could not be assured without additional
testing of the soils.

As a follow up to complete the evaluation, a TCLP analysis was
performed on two of the soil samples to determine the actual
concentrations of the metals in a standard TCLP leachate compared
to the calculated worst-case concentration assuming all (100%) of
the metals measured in the soils were leachable. As expected,
results showed that between 1% and 10% of the total metal available
in the soils was leached into the standard TCLP leachate; that is,
the actual concentrations of the metals in the TCLP leachate were
1% to 10% of the calculated worst-case concentration. In fact the
concentrations in the leachate of all the metals, except for
barium, were below the IDLs of about 0.001 mg/L. Thus the metal
concentrations in an actual laboratory-prepared TCLP leachate were
less than both the RCRA standards for identifying a characteristic
hazardous waste and the MCLs for these metals.
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Table 4. Evaluation of Metals Concentrations in Soil Samples

Metal

Arsenic

Barium

Cadmium

Chromium

Lead

Mercury

Selenium

Silver

Maximum
Detected
(mg/kg)

7.9

19.

0.47

4.6

8.9

0.36

<1.2

<0.5

Maximum
Leachate*
(mg/L)

0.395

0.95

0.024

0.23

0.445

0.018

<0.06

<0.025

RCRA
Standard"
(mg/L)

5.0

100.

1.0

5.0

5.0

0.2

1.0

5.0

MCLe

(mg/L)

0.05

1.0

0.01

0.05

0.05

0.002

0.01

0.05

Downgradient
welld

(mg/L)

0.066

0.16

0.004

0.038

0.074

0.003

<0.010

<0.004

Maximum detected concentration divided by 20 per the recipe
for a standard TCLP leachate (see footnote b ) .
Standard for identifying a characteristic hazardous waste
through the Toxicity Characteristic Leaching Procedure (TCLP)
at 40 CFR 261.
MCL => Maximum Contaminant Level. Value shown is the MCL
promulgated under the Safe Drinking Water Act for the RCRA
metal. Regulations at 40 CFR 141.
The maximum leachate concentration divided by 6 to account for
dilution by lateral dispersion using the VHS model.
The constituent was not detected in any sample at the
Instrument Detection Limit (IDL); the value shown is the
Method Detection Limit (MDL).
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DISCUSSION

The requirements for closure of this facility without engineering
controls and associated monitoring, contingency plans, and
financial assurances were: (l) a characterization of the
concentrations of contaminants remaining in the soils; (2) a
demonstration that contaminant concentrations in a standard
leachate were less than the standards for land disposal (the CCWE
table at 40 CFR 268) ; (3) a demonstration that the soils were not
characteristic hazardous wastes (as defined at 40 CFR 261); and (4)
a demonstration that the soils posed no risk of ground-water
contamination to levels exceeding enforceable drinking water
standards.

By applying leaching algorithms and worst-case analysis to the data
from the soils characterization study alone, we were able to
demonstrate that leachates would comply with the land disposal
restrictions and that the soils were not characteristic hazardous
wastes. And, with minimal additional testing, we were able to
demonstrate that .leachates from the soils posed no risk of ground-
water contamination.

The advantage of this approach is that the data used for
characterization of the concentrations of contaminants remaining in
the soils were also the data used for the demonstrations required
for facility clean closure (that is, closure without engineering
controls) . This approach can be used generally as an aid to
decision making where health risk-based contaminant concentration
levels have been set for ground water or leachates, and the only
question before the decision maker is whether the concentrations of
the contaminants in the soils or waste is below or above a level
needed to meet those set levels or standards.

If the maximum measured concentrations are veil below the estimated
levels required to meet the standards, as was the case for the
organic contaminants in this example, given the conservative nature
of the calculations involved the argument in favor of clean closure
with the soils left in place is compelling, and no further
investigation is required.

If the maximum measured concentrations are near or above the
estimated levels required to meet the standards, as was the case
for the three of the eight RCRA metals in this example, the
argument in favor of clean closure with the soils left in place is
not compelling and additional analyses need to be performed.

16



By using the simple techniques in this example, we avoided or
minimised the costs and time delays involved in additional
laboratory testing and modeling that would normally be required to
perform the demonstrations. By logically eliminating the
possibility of ground-water contamination from each constituent in
the soils at the lowest level of analytical consideration and
focusing further investigation on those constituents for which
there was some question whether the levels in the soils could cause
ground-water contamination, we minimized the effort required to
make the demonstrations required to allow clean closure.

17



REFERENCES

U.S. Environmental Protection Agency, 1983. Hazardous Waste Land
Treatment, SW-874. Office of Solid Waste and Emergency
Response, Washington, DC, April, 1983.

U.S. Environmental Protection Agency, 1985. Vertical and Horizontal
Spread Model. Federal Register 50(229):48886-48967, November
27, 1985.

U.S. Environmental Protection Agency, 1986a. Test Methods for
Evaluating Solid Waste, SW-846, Third Edition. Office of Solid
Waste, Washington, DC, September, 1986.

U.S. Environmental Protection Agency, 1986b. Final Organic Leaching
Model Background Document, Docket Report prepared by SAIC
under EPA contract No. 68-01-7264, Washington, D C , July,
1986.

U.S. Environmental Protection Agency, 1986c. Superfund Public
Health Evaluation Evaluation Manual, EPA/540/1-86-060, OSWER
Directive 9285.4-1. Office of Emergency and Remedial Response,
Washington DC, October, 1986.

U.S. Environmental Protection Agency, 1987a. Draft RCRA Facility
Investigation (RFI) Guidance Manual, EPA 530/SW-87-001. Office
of Solid Waste, Washington, DC, July 1987.

U.S. Environmental Protection Agency, 1987b. Surface Impoundment
Clean Closure Guidance Manual, EPA/530-SW-87-022. Office of
Solid Waste, Washington, DC, October, 1987.

Verschueren, K., 1983. Handbook of Environmental Data on Organic
Chemicals. Van Nostrand Rheinhold Co., New York, NY. 1310 p.

18



THE AUTHORS

Dr. Wesley L. Bradford is currently Senior Hydrogeologist and
Manager of Environmental Programs for Los Alamos Technical
Associates, Los Alamos, New Mexico, USA.
Jeffrey Flanzenbaum is currently Senior Project Manager and
Hydrogeologist for Consoer Townsend and Associates in Fairfax,
Virginia, USA.

CREDITS: This work was conducted by the authors while affiliated
with Versar, Inc., Springfield, Virginia, USA.

19



DETERMINATION OF ATRAZINE IN CZECHOSLOVAKIAN WATER BY
COMPETITIVE POLYCLONAL ENZYME IMMUNOASSAY

RJ . Bushway1, H.L. Hurst4, L.B. Perkins1, B.A.
Skoczenskr, R.O. Harrison2, T. Fan2, B.S. Ferguson2

and L. Fukal3

'Department of Food Science
University of Maine
Orono, ME 04469
2ImmunoSystems

4 Washington Ave.
Scarborough, ME 04074

department of Biochemistry
Institute of Chemical Technology

Praque, Czechoslovakia

ABSTRACT

Atrazine was analyzed by enzyme immunoassay (EIA) in 56 water samples from
numerous locations and water supplies (drinking, laboratory, creek and river water) in
Czechoslovakia. Two types of immunoassay technology were employed -- tubes and microtiter
plates. Tubes offer a rapid response under field conditions while with plates one has the
advantage of being able to analyze 96 samples simultaneously. All 56 water samples were
shown to be positive for atrazine by tube immunoassay with concentrations varying from 0.04
to 12,700 ng/ml with most below 0.3 ng/ml. Reproducibility of atrazine standard curves from
day to day yielded percent coefficients of variation (% CVs) for the immunoassay of 5.7 to
10.9% while the repeatability for 20 field samples run on 6 different days had % CVs ranging
from 2.1 to 29.4 with most below 15%. Agreement between 34 samples analyzed by both types
of immunoassay was good with a Spearman coefficient of 0.847. Seventeen water samples were
also analyzed by high-performance liquid chromatogtaphy and tube immunoassay. The
agreement was excellent with a correlation coefficient n'i 0.998.

INTRODUCTION

Atrazine. a tnazine herbicide, is used worldwide as a pre- or post-emergent weed control

agent for corn, sorghum, sugarcane and pineapple. Extensive application, inadequate

toxicological data. (Wilson et al. 1987) and the fact that it has been found as a contaminant in

surface and groundwater (Rivera et al. 1986; Hallberg 1989; Leistra and Boesten 1989; Frank

et al. 3990; Thurman et al. 1990) increases the need for monitoring atrazine in water.

Methods currently used to determine atrazine in water are gas chromatograpriy (GC) (Lee



and Chau 1983; Popl et at. 1983; Steinheimer et al. 1984; Kreindl et al. 1986; Bardalaye and

Wheeler 1986; Mangani et al. 1988; Brooks et al. 1989), thin-layer chromatography (TLC)

(Sherma 1986), gas chromatography/mass spectrometry (GC/MS) (Karlhuber et al. 1975;

Mangani and Burner 1983; Lopez-Avila et al. 1985; Davoli et al. 1987; Huang 1989; Pereira

et al. 1990; Thurman et al. 1990), mass spectrometry/mass spectrometry (MS/MS) (Battista et

al. 1989), High-performance liquid chromatography (HPLC) (Smolkova and Pacakova 1978;

Ferris and Haigh 1987; DiCorcia et al., 1987; Froehlich and Meier 1989; Coppi and Betti 1989;

Ramsteiner 1989; Brouwer et al. 1990), liquid chromatography/gas chromatography (LC/GC)

(Grob and Li 1989), and enzyme immunoassay (EIA) (Huber 1985; Bushway et al. 1988;

Wittman and Hock 1989; Schlaeppi et al. 1989; Goodrow et al. 1990; Wuest et al. 1990;

Thurman et al. 1990; Harrison et al. 1991). Of these methods, EIA has the advantage of being

more sensitive, quicker and less expensive (Bushway et al. 1988), making it ideal for screening

water samples for triazine herbicides.

Although numerous EIA applications have been developed for the determination of

atrazine in water, none have compared both types of EIA (tubes and plates) or analyzed high

concentrations of atrazine in water with HPLC comparisons. The objectives of this study were

to (1) evaluate the precision and accuracy of EIA for analyzing ground and surface water

containing a wide variation in atrazine concentration and (2) determine if Czechoslovakia may

have an atrazine contamination problem in water.

MATERIALS AND METHODS

Chemicals

All solvents were HPLC grade (Fisher Scientific, Pittsburgh, PA). Atrazine and other

triazmes were obtained from the U.S. Environmental Protection Agency (Research Triangle

Park, NC) and Ciba-Geigy (Greensboro, NC).

Preparation of Standards

Three different sets of standards were prepared (EIA, direct injection HPLC and solid

phase extraction HPLC). Each group used the same stock solution of 10 mg atrazine/50 ml

methanol. Every dilution was brought to volume with triazine-free spring water (tested). For

the EIA standards, 0.05 ml of stock solution was added to a 100 ml volumetric flask. Actual



working standards were prepared by removing 5, 15, 25, 50, 100, 250, 500 and 1,000 pi

aiiquots from the above dilution and placing each into separate 10 ml volumetric flasks.

Working standards for the direct injection HPLC procedure were made by taking 5, 15,

45, 135, 405, and 805 /*1 aiiquots from the stock solution and putting each into separate 10 ml

volumetric flasks.

For the solid phase extraction HPLC standards, 0.05 ml of stock solution was added to

a 10 ml volumetric flask. Aiiquots of 75, 150, 300, 600, 1,200, and 2,400 ix\ were taken from

the 10 ml solution and added to 500 ml volumetric flasks. The entire contents of each 500 ml

flask were passed through C18 mini-cartridges employing the procedure of Brooks et al. 1989.

Each cartridge was eluted with 2 ml of methyl tert-butyl ether (MTBE) which was evaporated

to dryness under nitrogen. The residue was dissolved in 300 jul of HPLC mobile phase.

Water Samples

Water samples were collected from an agricultural area in Czechoslovakia called

Bohemian Paradise in the Bohemian Basin region which includes Prague (Figure 1, bracketed

area on map) where com, potatoes and wheat are grown. Twenty samples were drinking water

while the others were from different creeks, rivers and laboratories around the area (Table I).

Approximately 50 ml of each water sample (grab sample) were collected in plastic bottles and

shipped immediately to Maine. All samples were taken in July, October, November and

December of 1990. Upon arrival the analysis for atrazine was begun.

Enzyme Immunoassay

Details concerning antibody and enzyme conjugate preparations along with the EIA

methodology are given in Bushway et al. 1988. The basic analytical tube procedure was as

follows. Each water sample (160 jul) was added to an antibody-coated polystyrene tube

(ImmunoSystems, Scarborough, ME) followed by an equal volume of enyzyme conjugate.

Tubes were incubated for 5 min at room temperature before rinsing four times witi; tap water

to remove unreacted sample and enzyme conjugate. To the rinsed tubes were added 160 /*1 each

of substrate (hydrogen peroxide) and chromogen (tetramethylbenzidine). Tubes were allowed

to incubate for an additional 5 min at room temperature before adding 40 pi of 2.5 M sulfuric

acid to stop the reaction, converting the blue chromophore to yellow. Color intensity was



measured by transferring 200 pi aiiquots to the wells of microtiter strips and reading each well

at 450 nm with a Bio-Tek Instnimetns Model EL 301 strip reader (Burlington, VT). As many

as 7 samples and a water control can be analyzed simultaneously. All absorbance values were

expressed as percentages of the corresponding negative controls; these are called % BQ values.

Dilutions were made for samples containing more than S ng/ml of atrazine (% Bo of less than

10%), generally 1/10 or 1/5 serial dilutions.

For the microtiter plate assay, the procedure was very similar to the tubes except for

different quantities of reagents and times of incubation. Eighty /xl of sample and enzyme

conjugate were added to each well and allowed to incubate for 1 hr on an orbital shaker. After

30 min 1 drop of 2.5 M sulfuric acid was added to each well before reading the plate on a plate

reader (Molecular Devices V^, , Menlopark, CA) at 450 nm.

High-Performance Liquid Chromatography

Liquid chromatography was performed with a Rheodyne injector (Cotati, CA) with a 10

ix\ loop, a Waters 510 pump (Milford, MA) and a Hewlett-Packard 1040A photodiode array

detector/integrator system (Avondale, PA). The column was a Phenomenex Ultracarb 30 ODS

150 mm x 4.6 mm (Torrance, CA). Mobile phase was acetonitrile/water/methanol (6/3/1) with

a flowrate of 1.2 ml/min. Detection was at 224 nm and 0.01 absorbance units full scale.

Ultraviolet spectral scans were run on the atrazine peaks to check the p ::y.

For direct injection, water samples were first filtered through 0.45 pm nylon Gel man

syringe filters (Ann Arbor, MI). Water containing less than 60 ng/ml of a triazine could not be

quantified by direct injection and was concentrated before HPLC by solid phase extraction. An

aliquot of water (500 ml) was passed through a C18 cartridge (Sep-Pak, Waters Assoc., Milford,

MA). After eluting the atrazine from the C18 Sep-Pak with 2 ml of MTBE, the eluate was

evaporated to dryness before adding 300 pi of mobile phase. A 10 /xl sample was injected into

the HPLC.

Reproducibility Studies

EIA tube standards were analyzed on six different days to obtain the reproducibility of

the method for standards. Actual water samples were also analyzed for six different days to

determine the variability on field samples.



RESULTS AND DISCUSSION

Reproducibility Studies

Since one of the objectives of this work was to compare methods, it was first necessary

to determine the repeatability of the immunoassay using atrazine fortified water samples (0.25,

0.50, 1.0, 2.5, 5.0 and 10.0 ng/ml) (Table 2). Tube EIA was used in order to ascertain the day

to day reproducibility. Each fortified sample was analyzed once each day on six different days.

Percent coefficients of variation ranged from 5.7 to 10.9. As expected the smallest % CV was

associated with the highest % Bo while the most variation was with the lowest % Bo. This is

due primarily to the decreasing slope of the standard curve at the higher concentrations. The

results indicate that this technique was very consistent for atrazine analysis in water.

Reproducibility of the tube EIA was also determined using 20 water samples from

Czechoslovakia. These 20 field samples were analyzed six times each on six different days.

Results are shown in Table 3. The % CVs ranged from 2.1 to 29.4 with most below 15.

Looking more closely at Table 3 reveals that the samples with the highest % CVs are the ones

that had to be diluted. Dilution adds an additional step that makes for possible errors.

Comparison of Immunoassay and HPLC Methods for Atrazine in Water

Fifty-six water samples from the Bohemian Paradise region of Czechoslovakia (Table 1)

were collected and analyzed by tube EIA (Table 4). Also 17 of these samples were analyzed

by HPLC and 34 by plate EIA (Table 4). Of the 56 EIA samples, 43 were analyzed without

dilution, while 13 required dilution because of the sensitivity of the EIA, in some cases more

than 1000-fold. All 56 samples were shown by tube EIA to contain atrazine (0.08 to 12,700

ng/ml) with most below 0.3 ppb (Table 4). Creek water samples near agricultural areas

contained the most atrazine while the 20 drinking water samples were found to have 0.08 to 3.4

ng/ml atrazine.

Comparisons were made between the tube EIA and HPLC and the tube EIA and the plate

EIA. Seventeen samples were used for the comparison between the tube immunoassay and

HPLC (complete data for both procedures given in Table 4). These data are also plotted in

Figure 2. The correlation coefficient was 0.998 with a slope of 1.27. suggesting a slight high

bias for the EIA as can be seen in Table 3. This high bias for the EIA could be caused by the



fact that the immunoassay does show cross-reactivity to other triazines and some of the atrazine

metabolites (Bushway et al. 1938) which are not detected by the HPLC method. However,

considering the wide variation in atrazine concentrations (0.1 to 12,700 ng/ml), the agreement

between methods was excellent.

Forty-four samples were used to compare the two types of EIAs (complete data for both

El As given in Table 4). Also, these data are tabulated in Figure 3. The Spearman coefficient

was 0.847 with a slope of 1.11 indicating good agreement between both types of immunoassays.

CONCLUSION

This is the first time that the versatility of the EIA technique has been shown for

such a wide range of atrazine concentrations in water from field samples. EIA has been tested

on low levels of atrazine in contaminated ground and surface water (Thurman et al. 1990) and

on fortified water samples by Bushway et al. 1988. The correlation between EIA and HPLC

was excellent in our Czechoslovakia!! water study, demonstrating that EIA is an excellent

screening technique that offers speed with low cost. Also the correlation study performed

between the EIA tubes and plates suggests that both immunoassay techniques are quantitative for

atrazine determination in water. Furthermore, by using EIA before conventional techniques, one

can determine if water samples could be analyzed by the rapid direct injection HPLC procedure

or if the sample has to be concentrated either by liquid-liquid or solid-phase extraction before

GC or HPLC analysis.

In addition EIA can be very beneficial in screening large areas for contamination without

obtaining false negatives. Although we analyzed a limited number of water samples from only

one region, Czechoslovakia may have a problem with atrazine contaminated surface water.

Atrazine concentrations of 6.8 to 12.7 ppm are unheard of in the U.S. Our water sources are

usually in the low ppb or ppt range. The results from this initial study suggest that further and

extensive monitoring of Czechoslovakian water sources is warranted.



Table 1. List of water samples analyzed for atrazine from Bohemian Paradise in
Czechoslovakia

Sample Number Source of Water

1 Drinking water village 1
2 Drinking water village 2
3 Drinking water village 3
4 Creek near agricultural field village 1
5 Creek near agricultural field village 2
6 Creek near agricultural field village 3
7 Creek 1 village 1
8 Creek 2 village 1
9 Creek 3 village 1
10 Creek 4 village 1
11 Creek 1 village 2
12 Creek 2 village 2
13 Creek 3 village 2
14 Creek 4 village 2
15 Creek 5 village 2
16 Creek 6 village 2
17 Creek 1 village 3
18 Creek 2 village 3
19 Creek 3 village 3
20 Creek 4 village 3
21 Creek 5 village 3
22 Creek 6 village 3
23 Drinking water village 4
24 Creek 1 village 4
25 River town 1
26 Drinking water in town 1
27 River Prague 1
28 Drinking water Prague 1
29 River town 2
30 Drinking water town 2
31 Drinking water village 5
32 Creek 1 village 5
33 Drinking water Prague 2
34 Drinking water town 3
35 Drinking water lab 1
36 Creek 1 village 6
37 River town 4
38 Lab experiment water 1
39 Lab experiment water 2
40 Drinking water lah 2



Table I. Cont'd.

Sample Number Soiuce of Water

41 Drinking water lab 3
42 Drinking water Prague 3
43 River Prague 2
44 Creek 1 com field
45 Creek 2 corn field
46 Creek 3 corn field
47 Creek 4 corn field
48 Drinking water village 7
49 Dringing water village 8
50 Drinking water town 5
51 Drinking water town 6
52 Drinking water town 7
53 Drinking water town 8
54 River 1 corn field
55 River town 9
56 River town 10

These are all different rivers and creeks with one grab sample taken for each.



Table 2. Reproducibility of the tube atrazine immimoassay for atrazine-fortified water
samples.

Fortification level (ng/ml) Mean % Bo % CVs

0.25
0.50
1.0
2.5
5.0
10.0

67
47
30
16
10
6

5.7
7.4
3.8
9.2
9.8
10.9

1 = Percent coefficients of variation are based on 6 determinations performed on 6 different
days.



Table 3. Reproducibility of the tube immunoassay for atrazine analysis of water samples
from Czechoslovakia

—Amount found (ng/ml)—
Sample number Immunoassay % CVs

3
4
5
6
7
3
9
10
11
12
13
14
15
16
17
18
19
20
21

1 = Percent coefficients of variation based on 6 determinations performed on 6 different days

0.3
0.2
2.2
6.1
88
100
0.3
0.2
0.3
4,800
0.4
11,100
190
540
1,350
5.9
6.4
410
7,200
5.5

2.1
10.9
18.1
29.4
5.9
9.9
12.8
14.0
7.5
19.2
10.1
17.2
11.2
11.8
26.2
13.3
13.0
12.2
11.3
20.9



Table 4. Comparison of immunoassay and HPLC methods for atrazine analysis in
Czechoslovakian water

Amount found (ng/ml)—
--Immunoassay--

Sample number Tube Plate HPLC

1

3
4
5
6
7
3
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
3".
33
34
35
36.
37
38

2.9
3.0
0.3
0.2
2.0
3.5
89
100
0.3
0.2
0.4
6,200
0.4
12,700
170
500
940
4.7
5.2
420
6,800
4.2
0.08
0.13
014
0.21
0.39
0.39
0.27
0.12
0.16
0.20
0.20
0.20
0.23
0.15
0.17
0.10

-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-

0.08
0.10
0.11
0.17
0.26
0.15
0.04
0.04
0.06
0.12
0.28
0.26
0.20
0.17
0.15
0.12

3.0
1.9
ND
ND
1.0
5.4
91
113
0.1
ND
ND
4,500
ND
10,200
180
390
1,000
3.7
6.3
340
5,800
5.1

-

-



Table 4. Cont'd.

Amount found (ng/ml)-—
--Immunoassay--

Sample number Tube Plate HPLC

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

1 = Each value represents one determination
ND = Not determined because of insufficient sample volume
- = not analyzed

0.13
0.21
0.25
0.18
0.34
0.11
0.16
0.08
0.08
0.08
3.4
0.08
0.23
0.23
0.29
0.08
0.26
0.20

0.09
0.28
0.27
0.20
0.47
0.11
0.22
0.14
0.06
0.05
3.0
0.05
0.41
0.38
0.39
0.08
0.33
0.49
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Figure 1. Map of Czechoslovakia depicting the general location of water sampling sites for
atrazine analysis. The area of interest is in brackets.
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1. Background1

Technology screening is a tool used to organize relevant information for each hazardous

waste site for the purpose of evaluating the applicability of soil stabilization/solidification

techniques. Such screening is required because of the imprecise nature of

stabilization/solidification and because most wastes are far from homogeneous. This paper

outlines a series of steps for screening technologies to determine their suitability for

stabilization/solidification. An understanding of tne site and its waste, bench-test evaluation

of the stabilized/solidified waste form, and an understanding of the implementation and costs

of stabilization/solidification will aid in making an informed judgement about technology

suitability. The choice of a final technology- will inevitably reflect a compromise based on

chemical, physical, and cost considerations. This section does not discuss design

considerations in the screening of stabilization/solidification technologies; rather, it discusses

the feasibility of the technologies.

Selection of a stabilization/solidification treatment technology for hazardous waste site

remediation depends on the nature of the waste, the physical containment properties

required for the stabilized/solidified material, the applicability of the technology to the waste

s:te. and cost (Wiles, undated). This technology may become increasingly sophisticated as

a result of changing U.S. regulations, which require a controlled final form with specific

Seachate characteristics {Federal Register 1VX.S).

Waste/binder incompatibility also presents a complication in the application of stabilization/

'Most of the work included in this paper was performed under a subcontract with PEI
Associates, under contract to USEPA/RREI., and included as a part of a report entitled
S;ahii)/at:<jn.S«j]id::ication of CERCI.A a:ul RCRA Wastes."



solidification technology to hazardous wastes. Experience in the cement, asphalt, and

nuclear waste industries demonstrates that small amounts of some compounds can

significantly reduce the physical strength and containment characteristics of the waste/binder

material (Jones 1986). Some of these interactions have been documented in

stabilization/solidification case studies (Jones 1986; Tittlebaum and Seals 1985; Kyles,

Malinowski, and Stanczyk 1987; JACA 1985; US. EPA 1988d). As of this writing, however,

few data quantifying the effects of interfering compounds on a particular stabilization/

solidification process are available (Jones 1986; Tittlebaum and Seals 1985). Protocols for

processing hazardous waste materials by use of stabilization/solidification technologies have

not been standardized.

2. Application of Technology Screening

Technology screening is a process in which both the limitations and applicability of a

technology are systematically reviewed. With regard to stabilization/solidification, the

technology screening process involves the following:

o Review of existing chemical and physical interferences between the waste and binder.

o Identification of previous studies of similar wastes.

o Identification of potential pretreatment options for the waste or the site that would

extend the application of stabilization/solidification or improve the containment

properties of the product,

o Assessment of site conditions that could affect the stabilization/solidification of the

waste or its ultimate disposal.

o Review of health and safety and process requirements,

o Deciding on the selection of a technology based on waste disposal requirements and

overall costs.

Available technical information on interferences and applications of stabilization/

soiidiiication technologies to hazardous waste materials is often incomplete and sometimes

conflicting (Jones 1986). Table 1 presents a listing of interferences and applications of

Niabibznuon/solidiiication technologies for common hazardous wasie materials. The



Waste Component Cement-based Pozzolan-based Thermoplastic Organic Polymer

Nonpolar as: May impede setting
.til and grease, Decreases durability
aromatic hydrocarbons, Volatiles escape
haloyenated hydrocarbons, Demonstrated effect-
PCBs iveness

I'ol.ir as; alcohols.

u'lvcols

Phenols retard setting
IVCIIMNC durability

May impede setting
Decreases durability
Volatiles escape
Demonstrated effect-

iveness

Phenols retard seiting
Decrease durability
Alcohols retard setting

Organics vaporize
Demonstrated effect-
iveness

Organic* vaporize

May impede setting
Demonstrated
effectiveness

No effect on
setting.

A c i d s a s : H C H . I l l ;

Oxidizers as: NaOCI,
KMnO4, UNO,, KCr2

Salts as: sult'ates
halides, nitrates,
cvanides

No effect on setting.
Cement neutralizes
acids. Demonstrated
effectiveness.

Compatible

Increase setting times.
Decrease durability.
Sulfates retard setting,
cause spalling. Sulfates
accelerate reactions.

No effect on setting.
Compatible. Neutralizes
acids. Demonstrated
effectiveness.

Compatible

Halides are easily
leached. Halides
retard setting.
Sulfates retard reactions

Can be neutralized.

Cause matrix break-
down, fire.

Sulfates and halides
dehydrate and rehydrate
causing splitting.

Can be neutralized
Ureaformaldehyde
demonstrated
effective.

Cause matrix
breakdown, fire.

Compatible

I Icavy metals ;is: lead,
chromium, cadmium,
.iiM-nic, mercury

Compatible. Increase set Compatible. Demon-
time. Demonstrated strated effectiveness
effectiveness on lead, cadmium,

chromium.

Compatible. Demon-
strated effectiveness
on copper, arsenic,
chromium.

Compatible.
Demonstrated
effectiveness with
arsenic.

Radioactive materials Compatible Compatible Compatible Compatible



FIGURE 1. TECHNOLOGY SCREENING FLOWCHART FOR STABILIZATION/SOLIDIFICATION.
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information in this table should be viewed as a starting point, as stabilization/solidification has

been applied to many wastes with varying contaminants and concentrations. Because of

possible exceptions to the information presented, each waste should be evaluated individually.

Selection of a technology is often complicated by gaps in documented waste/binder

interferences. Selection can be further complicated by site-specific conditions and disposal

requirements. The technology screening methodology uses empirical data and experience when

such are available and addresses site- and waste-specific concerns as they apply to a certain

stabilisation/solidification technology. Thus, limitations and applications of a technology are

previewed before large amounts of resources are committed to a site. The cost of hazardous

waste treatment and disposal depends on several binder-, waste-, and site-specific conditions.

Site and waste modifications that aid or enhance stabilization/solidification methods should be

considered. Specifically, binder additives can be used to reduce the negative effects or organic

waste constituents (especially oils, greases, and solvents) on the stability of stabilized/solidified

materials, many of these additives are proprietary or experimental, and little direct information

is usually available. In some cases, the wastes should be pretreated to increase their

acceptability for stabilisation/solidification. Examples of pretreatment technologies that have

been used at hazardous waste sites and might be applicable to stabilization/solidification are

neutralization, precipitation, adsorption, and chemical oxidation (JACA 1985; USEPA 1986;

U.S. EPA 19S8d). Site modifications (e.g., water table diversion or depression) may be able to

be practiced at some stabilization/solidification sites. An important modification, which relates

less to chemical properties than to physical properties, is mixing. Simply mixing a stratified

lagoon, for example, can make processing more effective because it generates a uniform or

constant material. This reduces the change of errors related to process change. How

frequently these site modification techniques are used is difficult to determine, but success

stories have been reported (U.S. EPA lVSSd).

Figure 1 presents a technology screening (low chart that can be used to develop a treatment

pian tor a given wa.sit: site. Ai shown, this screening approach consists of five distinct phases,

which may overlap or run concurrently:

1 ) Wa«,te Screening. Obvious characteristics such as the presence of large quantities of

water or regulated materials, require the waste be pretreated to make it acceptable for

siabih.Miion/solidificalion.



2) Waste Characterization. The waste is analyzed for constituent compounds and the

presence of inhibitors is established.

3) Bench-Scale Testing. Trial stabilized/solidified waste forms are created and tested by

chemical and physical means to determine the proper agent type and quantity.

4) Site Evaluation. The applicability of the process to the particular site is reviewed. For

example, the presence of a near-surface water table may require the groundwater to be

lowered for stabilization/solidification to proceed.

5) Cost Evaluation. A determination must be made as to whether stabilization/

solidification can be implemented economically.

2.1 Waste Screening

The initial screening step entails identification of waste characteristics that may preclude the

use of a technology. It may show that the complex hazardous waste contains a regulated

constituent that cannot be landfilled (e.g., dioxin) or that the organic levels in the waste are in

excess of vendor or literature specifications for successful stabilization/solidification, in some

cases, engineering solutions may be available to overcome these initial problems.

The presence of oil or grease in the waste material slows (or sometimes stops) the setting and

curing reactions of cementitious and pozzolanic stabilization/solidification. Vendors and

empirical studies show conflicting results as to the amount of oil and grease that can be isolated

within the solid inorganic product matrix without creating short- or long-term leachate or matrix

problems. In low concentrations, oil and grease entrapment appears to take place and the

matrix does not seem to be affected (Tittlebaum and Seals 1985; Rowe and API 1987). Some

vendors indicate up to 25 percent oil and grease, by weight, can be accommodated by cement

and silicate mixtures or pozzolanic mixtures without inhibiting the stabilization/solidification

reactions (JACA 19<S5). Other studies (Klyes, Mnlinowski. and Stanczyk 1987) and vendors

indicate success with lower or higher concentrations of oil and grease with their treatments.

Depending on the oil and grease content ot the material and its physical state, phase separators

(oil/water separators, centrifuges, dissolved air dotation) or in situ biodegradation may be

appropriate for removing excess amounts ot oily material that are not easily treated by these

inorganic stabilization/solidification technologies. The characteristic limitations and costs ot



each prctreatment technology will need to be identified before further consideration can be

given to implementation. Bench-scale study will normally be required to confirm the response

of the waste to pretreatment and to stabilization/solidification. Although interference from oil

and grease is less of a problem when organic binders are used, the stabilization/solidification

process will nevertheless vary with the type of organic binder and the level of oil and grease in

the waste.

The capacity of inorganic binders to treat organic materials (e.g., pesticides, PCBs, and solvents)

is a somewhat controversial issue in the hazardous waste literature. Organic chemicals can act

as solvents for some organic binders (Tittlebaum and Seals 1985), and phenol or organic

solvents can inhibit the setting and curing reactions of inorganic binders (JACA 1985).

Different types of organics will affect the final product in various ways (Tittlebaum and Seals

1985; Kolvues and Bishop 1987), and the effect of the interfering material is usually

disproportionate to the amount present in the waste (Jones 1986). Therefore, waste assessment

must include individual chemical constituents and classes of organics rather than rely on lotal

organic content of the waste material. Current literature (U.S. EPA 1986h) and vendor

information often summarizes total organic concentrations, which are reported as being

treatable with inorganic binders. One common range reported is 20 to 40 percent (U.S. EPA

19S6h). This information cannot be directly applied to all classes of oiganic chemicals, however.

It may be possible and cost-effective to treat or remove the interfering organic material or to

modify the binder/additive mixture to achieve successful stabilisation/solidification (Tittlebaum

and Seals 19S5; U.S. EPA 1986h). Depending on the type of organics present, several options

are available for removal of a large fraction of the organic material or for controlling the effects

of organic materials on the inorganic stabilization/solidification. These include:

o Soil washing

i) Thermal removal

is Chemical oxidat ion

o llxtraclion removal

! Biodeuradation

i) Addition ot adsorncnt prior to i:v\iny 'limestone, diatomaceou.s clays, activated

carbon, or !lv ash)



For cement-based and pozzalanic processing, small concentrations of volatile organic carbons

may be trapped within the inorganic matrix (Tittlebaum and Seals 198S); however, volatilization

may occur during excavation, mixing, or curing because of the agitation and heat of hydration

(Weitzraan, Hamel, and Barth 1988). Air quality standards or health and safety precautions

may require the control of volatile organics during processing. In addition, many organic binder

technologies require preheating of the binder and waste as part of processing. For waste

constituents that decompose or volatilize at the temperatures required for organic

stabiiisatioa'solidification processes, the use of these processes may be precluded. Process

modification (e.g., batch mixing with volatile off-gas scrubbing) may help to resolve this

problem. When scrubbing is impractical, pretreatment to remove volatile organic carbon may

be warranted.

Occasionally, the consistency of the waste may prevent mixing. For example, creosote wastes

may be too viscous for easy excavation and mixing. Heating the material to reduce the viscosity

and to improve mixing potential can result in noxious organic vapors. Excavation during the

winter freeze is possible, but the wastes must be heated before they are mixed with the binder.

Many organic binders are somewhat difficult to mix because of their viscous nature. Mixing

problems can arise when materials having significantly different viscosities are combined.

When the wastes are very dilute, dewatering technologies may prove useful as a pretreatment

method. Depending on the characteristics of the waste material, filtration (vacuum, belt filter

press, chamber pressure filtration) or membrane separation may make stabilization/solidification

treatment more feasible. Water may be required tor the hydration of both cement- and

pozzoian-based stabilization/solidification, however. Excess water is a liability for both organic

and thermal binder technologies because it increases the cost of processing. In both cases, the

water must be vaporized before or during processing, which requires more energy and thus

greater cost. It a dewatering technology is used to remove excess water, the supernatant must

be assessed for possible contamination and treatment prior to its disposal.

2.2 Waste Characterization

Hazardous wastes arc characterized through analysis of major physical -<nd chemical properties.

Ai this level o; .scrutiny, possible inhibitors are reviewed and binders, addimes, and appropriate



pretreatmem options are chosen. Stabilization/solidification experience, vendor information,

and literature reviews can serve as bases for the selection of the proper

stabilization/solidification system, plausible waste/binder ratios, and other options. In some

cases, waste pretreatment may be required to overcome specific waste problems.

Interferences from waste constituents can affect the physical properties of inorganic and organic

bindersAvaste products. With regard to the inorganic binders, these constituents may interfere

with the setting reactions, the water-to-binder ratio, the porosity, or the final strength of the

product (Jones 19S6). Interfering constituents may soften organic binders or require larger

amounts of binder to overcome their negative effects. In addition, inhibitors exhibit various

time-related effects. With regard to organic binders, some materials can slowly deteriorate the

organic binder/waste product or prevent stabilization/ solidification from occurring. Surface-

active molecules work on the cement (or pozzolan) and water immediately. Set-controlling

materials ionize and affect the chemical reaction between the cement (or pozzolan) and water

after minutes or hours. Finely ground insoluble minerals affect the Theological behavior of fresh

cement, but the chemical effects take several days or months to become manifested (Jones

1986). The following are examples of the physical manifestations that can occur when

interfering constituents are present in the hazardous waste and stabilization/solidification is

attempted with inorganic binders:

o Spalling and cracking.

o Set retardation; hardening and waste containment are impeded

o Flash set; mixing of binder and waste in complete as a result of a very quicK set;

equipment can be fouled.

o Chdated/complexed toxic constituents may accelerate leaching, even if the waste

is successfully stabilized/solidified.

o Some waste constituents can react and cause swelling and disintegration of the

stabilized/solidified mass long alter setting reactions are complete (Jones 19X6).

Oxidizing sails can cause slow deterioration of the organic binder matrix (Tittlebaum and Seals

19.S5). Large quantities ol sulfur, calcium chloride, sodium arsenate, sodium borate. sodium

pho.spha:e. .sodium iodate, sodium sulfide, as well as the soluble salts of magnesium, tin, zinc,

copper, and lead ali adversely affect inorganic hinders (JACA 1985; U.S. EPA l9Sfih). Sails

can often cause swelling and cracking within the inorganic matrix, which exposes more surface



area to leaching. These effects can occur in the short term or the long-terra.

In addition to the specific chemical interferences listed in Table 1, other chemical factors have

an impact on waste/binder compatibility. An alkaline pH is required for most inorganic binders

to set and cure properly. In the high-pH environment generated with inorganic binders, amines

or aminated compounds evolve as ammonia. In high concentrations, gaseous ammonia can

cause immediate danger to life and health. Any environmental or waste condition that lowers

the pH of the inorganic (e.g., lime, cement) crystalline matrix will eventually cause matrix

deterioration. Flocculants such as ferric chloride can interfere with the setting of cements and

pozzoloans (JACA 1985). Phenols and nitrates cannot be immobilized with lime/fly ash,

cement, and soluble silicates; fly ash and cement; or bentonite and cement (Stegmann, Cote,

and Hannak 1988).

Physical properties of the waste, such as volume, solids content, particle size distribution, water

content, debris content, viscosity, and pH have an impact on waste processing. The volume,

solids content, and particle size analysis aid in determining the waste-to-binder ratio. Moisture

content is also important in determining whether water should be added or removed for

processing.

23 Bench Scale Testing

No set protocol has been established for determining the feasibility of stabilization/solidification

at the bench-scale level. Testing addresses the leaching potential of the stabilized/solidified

waste as well as its durability.

During bench-scale testing, different waste-to-binder ratios are used to stabilize/solidify waste

samples. Selection of the optimum waste-to-binder ratio is usually based on leach-test and

durability-test results. The desired properties of the stabilized/solidified product may van,' with

the geographic region and type of t'inai disposal sue. For example, EP Toxicity, unconfined

c,impressive strength. wet-Jry, and treeze-thaw tests ,nay be among those required of a

^;ab;..2cd/ solidified product at a given s.ie. Incompatibilities in product quality may he resolved

on a sue-specitic basis. For example, il the optimum EP Toxicity results are obtained with a

stabilized/ solidified waste that erodes readily during freeze-!haw testing, the solution may Me

u> bury ihe wustt: below the frostline. Bench-scale tests can define process control



requirements, including mixing requirements, curing time, and quality control parameters, which

can then be further defined during pilot-scale testing. Defining these parameters is important

and could save time and money during field operations. The processing specification is often

recognized to be as important as the product specification.

Whenever possible, waste materials from the actual waste site should be used for bench-scale

testing. Differences in the physical and chemical characteristics of the actual waste (such as

particle size distribution and complex chemical constituents) can affect waste/binder

relationships and final product characteristics.

Bench-scale studies offer a significant advantage in the refinement of the overall system design,

including the establishment of a quality control (QC) program. Bench-scale test mixtures can

be used to verify or supplement the waste/additive design and provide both visual and numeric

observations for establishing QC criteria.

During testing, the following information is important for an evaluation of inorganic and organic

binder technologies:

o Leaching tests appropriate for the waste site.

o Durability tests as appropriate for the final disposition of the product (e.g.,

freeze-thaw testing has little relevance for a material that will be buried beneath

the freeze line or that is in a part of the country where it does not freeze).

o Permeability tests of the final product, which should be two orders of magnitude

below that of the surrounding materials.

o The waste-to-binder ratio needed to achieve leaching and durability

characteristics appropriate for the waste site.

v) Increase or decrease in the volume of the final product.

o Evolution of gases during processing, curing, or preprocess drying.

o The need tor dewatering or adding water to the inorganic waste/binder mixture.

o Ability to mix the waste material and binder.

2.4 Site ^valuation

1 lie t<;;;nh c.iluaiii;;* .step invokes ;i review <>: relevant environmental conditions that may

, i : ;ua waste containment on the bite, during both excavation and processing. Environmental



parameters that should be considered include the depth to the water table; location of any

sensitive environmental conditions within the study site; access to the site for equipment and

material; processing space requirements; health and safety issues; and planning for potential

community relations.

Overall site-specific concerns with regard to a remedial action project are geared toward

evaluating waste containment potential. Important site parameters in this regard include:

o Area of the site

o Permeability of the area soils, both for a review of leaching capabilities and also

for possible liner/cap material

o Exisiing groundwater contamination

o Velocity and direction of both groundwater and ambient air

o Site drainage

o Proximity to populated areas

o Access routes to the site

o Available work area/stockpiling area on the site

o Final disposal options and thei: site-specific implications

o Postremediation use of the site

o Sensitive environmental areas within the work site, such as flood plains or

marshes.

o Waste product volume increase and its implications for the capacity of the site

to contain final product if onsite disposal is required.

o Dusting and material stockpiling

o Ability to mix the materials adequately on the site

o Availability of the binder-additives in the amounts required for the entire site.

In some cases, the waste site cannot provide sufficient area for the expected processing, binder

stockpiling, and temporary or final waste disposal. Some kinds of processing require stockpiling

wi untreated excavated wastes, the processed wastes, and the binder, and these materials may

h.:'.e to be covered to reduce exposure to the elements. Binders increase the volume of the

wa.Vic product, and ihis added volume could present difficulties where the waste/binder product

:s buried in the original waste site excavation. Solutions to problems posed by limited area must

he developed on a site-specific basis. Delivery of preweighed amounts of the binder directly



to the process site is one possible solution. The binder can then be added directly to the in-

place mixing area rather than being stockpiled in bulk containers.

The presence of a water table in the waste area creates three problems: 1) a water table poses

the possibility of existing groundwater contamination; 2) excess water (especially flowing water)

can cause excavation difficulties; and 3) a water table creates the potential need for dewatering

a saturated waste material prior to its processing. All three of these problems have significant

cost implications and must be resolved before the final technology selection is made.

2.5 Cost Evaluation

In the fifth phase, an assessment is made of the costs involved with the entire technology as it

will be applied to the waste and final disposal site. This includes the cost of binders, additives,

pretreatment, excavation and moving equipment, labor, and final disposal of the waste.

Disposal costs may include preparation for onsite burial (liners, caps, and possibly monitoring

wells) or transportation and dumping fees for offsite disposal.

3. Summary

Choosing a waste disposal method is a complex decision. The costs, capabilities, and limitations

of different technologies and their application to both the waste site and waste material must

be weighed. Technology screening provides a systematic methodology for reviewing the most

important elements of the waste material, the site, and the technology.

Few adequately documented studies exist that report the long-term performance of stabilized/

solidified hazardous wastes. Performance in this context is determined by the physical and

chern::al stability o! the waste/hinder product and related leaching characteristics. Also, almos:

:u; nu"!isheU into::::.:!:-w is available on the nature, strength, and permanence of the bonds

lormtrj in the sia! ..:/.::iorvNoliditication process. Some data have been compiled from the

experience o: the t.^bTiicticn and nuclear waste treatment industric::. These admixtures are

rn;jn::j\*d in the a>r,.s::ijction trade by means ol strict limitations on the amounts of additives

vjJ tor a pa;:!cui.:r application. In addition, bate!) testing of a product is an integral part



of the total construction project. During the screening of stabilization/solidification technologies

fur their adequacy for isolating toxic constituents and improving the handling characteristics of

hazardous waste materials, a review of known inhibitors is recommended. The list of inhibitors

is incomplete, however, and even the effects of a single component additive are still poorly

understood. Interfering reactions with mixed or complex wastes cannot be predicted (Jones

1986; JACA 1985).

As long as this information is lacking, the practice of designing stabilization/solidification

schemes for hazardous wastes will continue to be primarily empirical in nature. Such design

practices are also likely to be based on the short-teim performance of the stabilized/solidified

product (Jones 19S6).
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Mstmct

The fate and transport of volatile organic contaminants
(VOCs) in soil/ground water systems has become an issue of
national and local concern. Greater than 40% of the U.S.
population uses ground water for drinking and ground water makes
up close to 25% of all fresh water uses (Mccarty, et al., 1981).
In 1980, the total water usage in the U.S. was 17,00X10° m3/day and
is estimated to double by the year 2000 (Last, 1980). This
increase will necessitate a greater tapping of ground water
reserves. A state-wide study of toxic contamination in New Jersey
found that VOC's present the most serious threat to ground water
contamination (Tucker, 1981). Toluene, a constituent of petroleum
products is one VOC of concern. The number of gasoline storage
tanks in the U.S. has been estimated to be between 1.5 and 2
million. Failure of these underground storage tanks, (UST's), is
a major source of ground water pollution. It has been approximated
that as many as 75,000 to 100,000 of these tanks leak (Predpall, et
al. 1984). Buried gasoline tanks and service stations are the most
common source of leakage investigated (Canter et al., 1987 pp.81).

The Coastal Plains of New Jersey, which house predominately
sandy unconfined aquifers, are especially vulnerable to
contamination. Pump and treat methods, while able to mobilize a
significant mass of contaminants, invariably leaves a residual
fraction that can contaminate the reserve for years tc • -», .tss. This
residual fraction is composed of lighter organic compoui-< such as
toluene, that, d\re to its decreased density, "float" on the ground
water table in the capillary zone. A clear understanding of these
lighter components and their mobility in the vadose and saturated
zone is paramount in both the prediction of contaminant movement,
and the clean-up/restoration of contaminated systems. This paper
describes to date results from an ongoing study focusing on the
mobility of toluene in the vadose zone. The scenario that is of
concern in cross section is shown in Figure 1.

'Materials and Methods

Sorbents
Two sorbents were used in this experiment. The Cohansey

solids were extracted from an aquifer outcropping, just below the
surface horizon, located at the Rutgers University Cranberry
Culture Experiment station near Chatsworth New Jersey. The
solids were sieved using a NO.35 (500 urn) screen. The material is
classified as a sand comprised of 90% sand; 4% silt; and 6% clay
and an organic matter content of 4.4% (Soil Testing Laboratory,
Lipma:m Hall, New Jersey Agricultural Experiment Station).

The Towacco solids, also a sand, were extracted from a
subsurface deposit near Hanover, New Jersey and sieved using a
NO.35 screen. The Towacco is comprised of 92% sand; 6% silt and 2%
clay. The organic matter percent is 0.2%. Owing to the large
difference in the organic matter content of the two solids, it is
expected that the Towacco would have a rather low capacity for



sorption of hydrophobic organic contaminants while the Cohansey may
have a substantial capacity for sorption of the contaminants.

Jlnafysis of Partition Coefficients

The sorption from water of nonionic organic compounds has been
suggested to be mainly a partition process. Partition is defined
as the distribution of a compound between different bulk phases by
forces common to solution (i.e. a solubilization affect) (Smith et
al., 1988). Many researchers have shown the dependency of organic
contaminant sorption on the natural organic carbon content of soil
and sediment (Lambert 1966, 1967, 1968; Lambert et al., 1965;
Karickhoff et al. 1979; Karickhoff, 1984; Uchrin and Mangels,
1986). For non-polar organic compounds, the partitioning to the
solids is driven by hydrophobic tendencies. The hydrophobic
contribution to sorption has been estimated from pollutant
properties such as solubility or octanol/water partition
coefficient (Karickhoff, 1984). Karickhoff, et al., (1979) gives
the following expression for the coupling of the linear
octanol/water partition coefficient with the soil organic matter
content:

(1)
Where:

Kp = The solid/liquid partition coefficient.
Koc » The organic carbon normalized partition coefficient.
foc = The organic carbon fraction of the soil, by weight.

The normalized partition coefficient for a host of hydrophobic
pollutants and soils has been related to the solute octanol/water
partition coefficient using a least squares method (Karickhoff al.,
1979). The resultant expression is:

(2)
These relationships make it possible to predict sorption

equilibria for a variety of hydrophobic pollutants and soil. The
use, however, of octanol/water data has been questioned with
respect to systems exhibiting hydrophobic sorption motivated
forces. It has been reported that hydrophobic systems do not
generally partition in a linear fashion over large variations in
equilibrium concentrations (O'Connor and Connolly, 1980).

In an attempt to predict the sorptive property in the lab,
many studies have relied on direct aqueous sampling. This
procedure has the potential of error by measurement of the
contaminant bound to residual colloidal sorbent or dissolved
sorbent (Gschwend and Wu 1985; Voice et al. 1983). The observation
of a "solids effect" (O'Connor and Connolly, 1980; Voice, et al..



1983; and Uchrin and Mangels, 1985, 1986), i.e., increased
adsorption at decreasing solids concentrations, may be attributed
to this artifact according to Gschwend and Wu (1985) and Voice, et
al. (1933). To avoid this problem, a headspace analysis technique
proposed by Garbarini and Lion (1985) has been suggested. A
predetermined mass of sorbent and a volume of a solution at a
specific contaminant concentration are equilibrated in sealed
bottles of known volume. The headspace concentration is then
analysed and compared to a control bottle which contains no
sorbent. By previous determination of the Kh (Henry*s constant),
using a technique introduced by Lincoff and Gossett (1984), for gas
liquid partitioning of the volatile contaminant along with
knowledge of the mass of contaminant introduced, and the volumes of
the liquid and gas phases, the sorbed concentration can be
calculated.

In this study, Henry's constant values were determined at 23°C
in 125 ml and 60 ml vials sealed with Teflon-lined rubber septa and
aluminum crimp caps (Supelco PA.). Sorption experiments were
conducted in 60 ml vials and sorption isotherms were developed for
toluene. A l ml volume of a 150 mg/L stock solution was delivered
to bottles containing 20 ml of water with varying amounts of solids
resulting in an initial liquid phase concentration of approximately
7.7 mg/L. Samples were then equilibrated for ?2hrs (Williams
1990), in a 23°C constant temperature bath and analyzed by
withdrawing 100 ul of headspace using a Hamilton precision gas
syringe and analyzed using a Hewlett Packard 5890 gas chromatograph
(GC) equipped with a flame ionization detector (FID). A 60m long,
o.75mm i.d. "VOLCOL" capillary column, (Supelco PA.) was used for
headspace determination. UHP grade helium was used as the carrier
at a flow rate of 5 ml/min. The injector temperature was 200°C and
the column was maintained at 125°C. Gas concertrations were
determined by comparing peak areas against calibration curves.

ft&w-lfcrougii Column 'Experiment

Column studies are conducted to test the applicability of
parameters found in the batch experiments to a simulated
vadose/ground water system. Soil physical relationships that
include the volumetric moisture content to soil moisture potential
as well as the dependency on the soil moisture content of both the
average linear velocity and effective dispersion are considered.
The experimental apparatus utilized in the study is a modified
design of a column system introduced by Hughes and Uchrin (1989),
shown in Figure 2. The column is constructed of Corning glass
(Mooney Brothers Co., Little Falls, N.J.). The body of the column
has a i.d. of 7.62 ;m and is 120 cm in length. Two glass domes fit
to the ends of the column body by low pressure teflon gasket
joints. The glass domes have three apertures (2.8 cm diameter)
which function as a aqueous influent port and air input and exit
port for the top of the column and a ground water influent/effluent
port and sampling port on the bottom of the column. The column
body has sixteen apertures; eight on each side. Eight ports are
used to measure the soil moisture potential and the eight ports



opposite are utilized to measure gas/liquid contaminant
concentrations. All apertures are equipped with silicon stoppers
(Cole-Parmer Illinois) that have been modified to accommodate the
necessary sampling instruments. Column influent rates are set and
controlled by peristaltic pumps so that a constant "rainfall" can
be applied to the top of the column. Generally 60% of the
saturated moisture content is achieved within the solids. Air
influent flow rates are also regulated and effluent air collected
through carbon traps to examine volatility effects. The
versatility of the column allows for both free drainage and the
introduction of an adjustable ground water table. Ground water
influent and effluent reservoirs as well as effluent collection
is accomplished by using collapsible teflon bags (Cole-Parmer).
Ground water flow rates are controlled using high precision teflon
needle valves (Cole-Farmer).

'Modeling Consideration

The Richards equation has been used extensively to describe
the movement of water through soil systems under less than
saturated conditions. The equation, in terms of moisture flux can
be expressed by:

(3)
Where:

9 = Volumetric Moisture Content (L3/L3)
t * Time (t)
z = Space Coordinate (L)
K(8) a Hydraulic Conductivity (L/t)
D(6) = Soil Diffusivity (L2/t)

The soil diffusivity coefficient was defined by Klute (1952) as:

(4)
Where 41 is the suction pressure head (L) .

The moisture flux is given by Darcy's Law:

(5)
Solutions to Equation I requires knowledge of the soil moisture
retention properties (6 vs. i|r) as well as the hydraulic



conductivity vs. moisture content.

A Frequently used empirical expression to express soil
moisture retention properties of soils is given by Clapp and
Hornberger (L978):

Where:

8 3

(6)

3

b =

The saturated suction head
The saturated moisture content
An empirical constant

The hydraulic conductivity has also been related to moisture
content in an empirical manner by Campbell (1974) as:

(7)
The mass balance for a contaminant in the vadose zone,

omitting an immiscible phase is given by Jury (1986) for a unit
volume:

Where:
(8)

pb =
CA =
8^ =
CL =
8~ =
CG =

The total concentration of the contaminant
The soil bulk density [M/L3]
The adsorbed chemical concentration [M/M]
The volumetric moisture content [L3/L3]
The dissolved chemical concentration [M/
The volumetric air .content [L3/L3]
The vapor chemical concentration [M/L3]

[M/L3

L3

Linear expressions can then be made to relate the
of the contaminant in the three phases.

concentrations

(9)

CA =

(10)
(11)



Where:
HL - The water/air partition coefficient for species i
K = The solid/liquid partition coefficient for species i

A one dimensional mass transport equation for both liquid and
gas concentrations can then be formulated to predict contaminant
movement in the soil columns. Advection and hydrodynamic
dispersion for liquid phase transport as well as vapor diffusion
for gas phase transport must be considered.

Jesuits to 'Date

Results for the batch equilibrium study for toluene on the two
aquifer solids is depicted in Figures 3 and 4. The Henry's law
constant for toluene at 23°C was found to be 0.285. This agrees
closely with reported valuesincluding Garbarini and Lion (1985) at
25°C, 0.261 and 0.270 by Mackay et al., (1979). It can be seen in
Figures 3 and 4 that the data fits a linear expression over the
concentration range studied. The solid/liquid partition
coefficient for the Cohansey solids was 4.87 ml/g and 2.13 ml/g for
the Towacco. The partition coefficient for the Cohansey solids
agrees close1y (5.08 ml/g) with previous experiments analyzed by
liquid phase concentrations and can be attributed to the high
organic carbon content of the solids (Williams, 1990). The
partition coefficient for toluene on Towacco solids however can not
be attributed to simple partitioning into the organic carbon
fraction of the solids. Surface adsorption onto the mineralogic
fraction of the soil may also be occuring.

Partition coefficients for the two aquifer solids can also be
determined using Equations 1 and 2. Assuming the log of the
octanol/water coefficient for toluene as 2.69 (Chiou et al. , 1977),
the solid/liquid phase partition coefficient for toluene on
Cohansey aquifer solids is calculated to be 7.15 ml/g. The
respective value for Towacco aquifer solids, is calculated as
0.35 ml/g. For the Cohansey solids, which have a high organic
carbon fraction, the solid/liquid phase partition coefficient
derived using the octanol/water data for toluene agrees closely
with experimental results using previous methods of aqueous
analysis Williams (1990) as well as by the headspace technique.
Partition of the non-polar hydrophobic organic contaminant is
controlled by the organic carbon fraction of the solids. The
concentration range used combining both liquid and headspace
experiments range from 100 ppb to 100 ppm or up to 18% of toluene's
solubility.

The partition coefficient estimated from octanol/water data
and the organic carbon content of Towacco solids does not fully
explain the sorption found in batch experiments. Previous studies
utilizing Towacco solids (Ahlert, 1989) indicated a lack of
sorption at the concentration ranges studied, 55mg/L and 90 mg/L.



Saturated column studies by Ahlert showed that, contrary to static
batch adsorption studies, a significant mass of toluene was
adsorbed during the initial uptake proceass and further the amount
adsorbed was finite. This demonstrates that a sorption maximum is
readily reached and experiments covering greater concentration
ranges, utilizing Towacco solids, would result in sorption
isotherms that are Langmuirian in nature. Furthermore, at low
solute concentrations in low carbon environments, mineral sorption
may play an important role (Mingelgrin and Gerstl, 1S83; Banerjee
et. al., 1985).

CoCumn (Parameters

A 0.001M solution of calcium chloride as a conservative tracer
was applied to the top of the column in a step-function mode.
Chloride tracer studies were conducted in the soil columns to
determine the hydrodynamic dispersion and dispersivity of the
solids and are depicted in Figures 5 and 6. Flow rates were set so
that approximately 60% of the saturated volumetric moisture
content was achieved. The flow rate in the Cohansey column, 54.5
cm/D, was approximately twice that of the Towacco solids, 27.54
cm/D. At the point when 50% of the chloride concentration is
reached in the effluent, one pore volume has passed through the
column. The volume collected is then the "effective" pore volume
of the solids in the column. Since the dimensions of the column
are static, the porosity has to be adjusted to reflect the
decreased pore volume. In the case of the Cohansey solids the
"effective" porosity is changed from 0.5 to 0.32 or a 36% decrease.
The "effective" porosity of the Towacco solids decreased from 0.45
to 0.22 or a 51% decrease. This indicates that at 60% of
saturation there is a substantial decrease in the pore spaces that
are active in solute transport. When comparing the tracer studies
for the two aquifer solids the dispersion coefficient and
dispersivity of solids are similar, (23 cm2/D, 0.144 cm) and (21.7
cm2/D, 0.169 cm) for the Cohansey and Towacco solids respectively.

The soil moisture potential/volumetric moisture content
characteristic curves were constructed for both aquifer solids.
Tensiometers in the column, (Soilmoisture Equip. Corp.)/ are
connected to flow-thru pressure transducers, (Micro Switch). The
changes in soil pressure are collected on a 21x Microlloger,
(Campbell Scientific). The analog data stored in the data logger
is converted to ASCII through the use of a RS-2 3 2 interface and is
received at the CPU (computer processing unit) through a
communications package. When calibrated the pressure transducers
follow the changes in the soil moisture potential of the aquifer
solids. The volumetric moisture content is found by removing
solids from the column at various soil moisture potentials and
analyzing by standard methods of soil analysis. The resultant data
was fit with Equation 6. Data was collected for both a wetting and
drying fronts for both solids, Figures 7 and 8. It can be seen
that both solids exhibit hysteretic properties at high soil
moisture contents. The constant, b, is then used in Equation 7 to
relate soil moisture to the hydraulic conductivity. Soil



properties for the aquifer solids are givan in Table 1.

future '
Aquifer solids are to be contaminated in a constant flow-

through glass chromatographic column (2.5 cm i.d. 60 cm L) with the
contaminant of choice. The aquifer solids will then homogenized by
physical mixing and sub-samples are analyzed for contamination
using a Hewlett Packard 19395A headspace sampler attached to GC
previously described. The contaminated soil will then be
introduced into the column as a discreet soil layer when the
column solids are at field capacity. A constant rainfall will be
applied as described and the contaminant movement followed by
direct analysis of both the liquid and vapor phases. Effluent
samples will be collected and 20 mi's transferred to 60 ml vials
equipped with teflon lined caps. The bottles will then be heated
in a 60°C water bath for fifteen minutes and a 1 ml sanple of
headspace removed and analyzed by GC.

A mass balance of the system upon the conclusion of the
experiment will allow appraisal of the impact of contaminated soil
and its resident time in the subsurface environment. This
information is greatly needed for determining the length of time
for site clean-up including the amount of soil that may have to
be removed to achieve a contaminant level. In order to quantify
the amount of biodegradation of the contaminants, control columns
will be used with soil sterilized by cobalt-60 gamma radiation (3
Megarads). After experimental runs, the soil will be extracted in
a 4°C room sealed in sterile vials and analyzed by a headspace
method as described, for residual contamination.
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TABLE 1 Aquifer Solid Parameters

Property

Sand%

Silt%

Clay%

Organic Matter^

Porosity

PH

Texture

Saturated Hydraulic conductivity

Bulk Density

Dispersion Coeff.

Dispersivity

Saturation Suction Head Drying

Saturation Suction Head Wetting

b Drying

b Wetting

Solid/Liquid Partitioning Coefficient

Cohansey

90

4

6

4.4

.5

3.8

Sand

0.0167 cm/s

1.33 g/cmA3

23 cm"2/D

0.144 cm

11.18 cm

6.055 cm

1.49

Towacco

52

6

2

0.2

.45

8.4

Loamy Sand

.004822 cm/s

1.54 g/CfTT3

21.7 crrT2/D

0.169 cm

12.38 cm

8.99 cm

1.21

1.80 : 1.48

4.87 ml/g 2.13 ml/g
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ABSTRACT

Ideally, field screening methods for hazardous waste site investigations involve using of rapid, low-

cost test methods to determine the presence or absence of analytes of interest, and can yield

analyte concentrations within a predetermined range or threshold at a site. These methods help to

quickly establish a directed comprehensive monitoring program for a given site, and assist in the

assigning priority relative to other sites. Some methods may be as accurate and precise as

laboratory methods. This paper presents the state-of-the-art in field screening technology with

emphasis on emerging trends in surface- and ground-water monitoring. It includes an analysis of

the output from the Second International Symposium on Field Screening Methods for Hazardous

Wastes and Toxic Chemicals held in February 1991. Special consideration is given to chemical

sensors that show promise toward miniaturization and low cost.

The most mature technologies use gas chromatography (GC), mass spectrometry (MS), and x-ray

fluorescence (XRF) spectrometry. Several emerging technologies are identified that show promise in

the long term for surface- and ground-water monitoring. These include immunoassay field methods,

ultraviolet and luminescence spectroscopy, ion mobility spectrometry (IMS), and spectroeleciro-

chemistry.



1. INTRODUCTION

The need for field screening methods to identify and quantify contaminants in environmental media

is growing rapidly. Methods that generate real-time information are especially needed. The purpose

of this paper is to delineate available and emerging field screening technologies for use at

hazardous waste sites with an emphasis on surface- and ground-water monitoring. The major

objective is to delineate technologies that offer significant potential soon. However, the technologies

that may be usable within the 5-year time frame are also considered. The primary references for

this assessment are papers presented at the Second International Symposium on Field Screening

Methods for Hazardous Wastes and Toxic Substances held in Las Vegas, Nevada, February 1991

(1). The Symposium was organized by the U.S. Environmental Protection Agency (EPA) under the

Superfund Innovative Technology Evaluation (SITE) Program to serve as a forum for discussing the

state of the field screening technology.

There are no written specifications for field screening equipment. The development of specific items

is driven by decisions that need to be made, sometimes in an ad hoc manner. A useful

compendium for practitioners is the Field Screening Methods Catalog published by the EPA in 1988

(2). This reference is already out of date, however it provides an appreciation of emerging

technologies, describes 31 field methods, lists the sites where the methods have been used, and

provides technical points of contact for user support. An updated catalog is being prepared by the

EPA.

2. OVERVIEW OF FIELD SCREENING TECHNOLOGIES

The Proceedings of the Symposium on Field Screening Methods is an important reference source

for state-of-the-art field screening technologies. An appreciation of the evolution of contemporary

field screening techniques is provided in other references (3-12). An assessment of the technology

barriers in the development of fiber optic and other chemical sensors for field screening is available

(10). Papers compiled from the 1983-1987 Proceedings of the National Conference on Management

2



of Uncontrolled Hazardous Waste Sites and the National Conference of Management of Hazardous

Waste and Hazardous Materials describe an evolution of applications using various screening

techniques (4). The chemical analysis methods used for emergency response to hazardous material

spills and uncontrolled hazardous waste sites were summarized in 1985 (5). A number of

techniques were evaluated and many more were listed according to commercially available

instruments and kits. Air, water, and soil monitoring were presented. The First International

Symposium on Field Screening Methods for Hazardous Waste Site Investigations was held in 1988

(3) and played an important role in helping to focus technologies toward the needs of field screening

in hazardous waste site investigations. The

major technology needs for field screening are listed in Table 1 (12).

INSERT TABLE 1



Table 1. Field Screening Technology Needs

In-situ and smart chemical sensors

In-situ and field portable analytical methods for the analysis of contaminants in all types of
environmental media

Instruments which operate remotely in a nonintrusive manner

Sampling devices for soil-gas, soil, and ground water

Data-handling and expert systems



A variety of analytical technologies originally designed for laboratory diagnostic purposes

(characterization and quantification) are now used in the field. MS and hyphenated technologies,

such as GC/MS, are examples. However, improvements are needed to lower costs, lower power

requirements, and improve sample handling and preparation. The future of field screening

technologies is trending toward simplicity and miniaturization.

This paper discusses mature and emerging technologies which have much promise for surface- and

ground-water monitoring. Several sections are devoted to GC, MS, and XRF. A section is included

on examples of emerging technologies - specifically, IMS, spectroelectrochemistry, spectroscopy, and

immunoassays.

3. U.S. ENVIRONMENTAL PROTECTION AGENCY PROGRAMS RELEVANT TO SURFACE-

AND GROUND-WATER MONITORING AT HAZARDOUS WASTE SITES

The direction of EPA subsurface monitoring research activities has been summarized (13). These

activities include research in geophysical and geochemical detection and mapping of shallow

contaminant plumes with both surface-based and downhole methods; the more difficult problem of

mapping deeply-buried contaminant plumes associated with injection wells; the validity of indicator

parameters for ground-water monitoring; monitoring methodology for the unsaturated or vadose zone;

advanced monitoring methods such as real-time, in-situ (in place) monitoring of ground water with

fiber optic sensor technology; and external leak detection devices for underground storage tanks.

This work is being performed by the Aquatic and Subsurface Monitoring Branch, at EPA's

Environmental Monitoring Systems Laboratory, Las Vegas, Nevada.

The EPA is actively demonstrating the performance of innovative site characterization technologies

through the SITE Program. The SITE Program was established by the mandate of the Superfund

Amendments and Reauthorization Act of 1986 to demonstrate alternative or innovative treatment and

site characterization technologies. Technologies of interest under SITE include new developments in

sampling, sample handling and preparation, detection, and identification (14). There are special
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needs for low cost, simple, and man-portable devices that can be used easily in the field on or near

Superfund sites. Products from the various research, development, and demonstration activities

conducted under SITE enhance the Agency's ability to perform statistically valid sampling and field

analytical programs that yield effective site characterization objectives coupled with immediate or

quick-tumaround environmental data acquisition. The monitoring and measurement technologies

demonstration portion of the SITE Program identifies and demonstrates relevant technologies

developed by industry and U.S. Federal government agencies. The overall goal of the Program is

to facilitate commercialization of products leading to less expensive, faster, safer or more efficient

means to characterize hazardous waste sites. Demonstrations applicable to field screening and

analysis of aqueous media have included immunoassay kits and IMS (14).

Many laboratory methods have been developed by the EPA in response to a variety of needs. The

EPA's current analytical methods for water were summarized recently, together with

recommendations for the next generation (15). Basically, there are two sets of methods. The "500

series" focuses on drinking water and the "600 series" is aimed at the analysis of organic

compounds in waste water. Some of these methods are adaptable to field use.

EPA has organized a Field Analytical Methods Workgroup under the sponsorship of the Office of

Emergency and Remedial Response. The Field Analytical Methods Catalog (2) is being revised.

Candidate methods are currently being reformatted in a style compatible with EPA publication SW-

846, Test Methods for the Evaluation of Solid Waste. Candidate methods for the Field Analytical

Methods Catalog which relate to water include, for example, analyzing volatile organics in water by

the purge and trap method, by the automated headspace external standard method, by the

automated headspace internal standard method, and by the manual headspace method.

4. CHEMICAL SENSORS



A chemical sensor has been defined as a "...transducer which provides direct information about the

chemical composition of its environment. It consists of a physical layer and a chemically selective

layer" (16). Chemical sensors can be classed broadly under categories of:

*mass sensors
'optical sensors
*electrochemicai sensors
Mhermai sensors

Most of the recent progress in chemical sensors for environmental applications has been made in

the first three categories. The need for careful controls to measure small amounts of heat does not

seem to have stimulated development of thermal sensors for use in environmental monitoring

applications.

Improvements continue to be made in chemical sensor microelectronics and device miniaturization.

Promising concepts for systems approaches to the development of chemical sensors have been

presented (10, 12, 17). However, the results in applying these advances to environmental

monitoring indicate additional research is needed. The major technology barriers are chemical in

nature not electronic or mechanical (10, 12). Designing sensitive coatings which interact specifically

through molecular association or chemical reaction with analytes of interest is especially challenging

since there are few specific guidelines for practitioners. Sensor coatings provide selectivity and

sensitivity The ideal sensor system requires matching the chemical coating with any one of a

variety of physical transducers such as fiber optics, surface acoustic wave probes, or chemiresistors.

Poziomek, Eastwood, Lidberg, and Gibson reported a new approach in which a relatively

nonselective coating (in this case octadecyl groups bonded onto silica) sorbs nonpolar aromatic

compounds from water through diffusion (1a, 18). The presence of the analyte in the coating of the

probe is detected using an external probe, in this case a fluorescence spectrometer.

Research and development on coatings tor chemical sensors indicates three fundamental

approaches (1, 12):
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*Use of irreversible chemical reactions
'Use of reversible chemical reactions
'Use of reversible molecular association effects based on matching solubility properties

Major advancements can be expected in chemical sensor development as coating technology

matures. However, more research is needed toward providing guidelines for the practitioner in

choosing coatings for development of sensors.

New directions for the future involve considering sensor coatings of biologicai origin as adjuncts to

chemical coatings. The state-of-the-technotogy in recognition coatings, both chemical and biologicai

origin, is outlined in Table 2. There are currently more choices of chemical coatings. A major

advantage of chemical coatings is stability. However, biological coatings such as antibodies offer

greater selectivity. The lack of specificity for many coatings has led to an approach of using an

array of sensors with different coatings. Pattern recognition techniques are used to analyze the

data.

INSERT TABLE 2

An alternate approach to using selective coatings is to use "wet chemistry" (a liquid reagent).

Considerable progress has been made in designing sensors using miniaturized liquid reaction

vessels in combination with fiber optics, for continuous measurements. The latest developments in

the use of the Fujiwara color reaction for environmental monitoring of parts per billion (ppb) levels of

trichloroethylene and chloroform in water have been described (1b, 19). The most recent

advancement is a system in which the liquid reagent can be replenished using micro-capillary tubes.

Another wet chemistry method uses the Janovsky reaction for the explosives, TNT and RDX, where

nitroaromatic compounds in acetone form characteristically colored solutions in the presence of

strong base (1c, 20). This method could be combined with fiber optics with further development.



Table 2. State of the Technology in Coatings for Chemical Sensors. (12)

Chemical Coatings

* Coatings are available for specific detection of a few chemicals

Coatings are available for non-specific detection

Differentiation of classes of compounds is more feasible than identification of individual chemicals

Use of pattern recognition is feasible for identification of components in mixtures of several
components

Coatings/Reagents of Biological Origin

Reagents are available for specific detection of a variety of organic chemicals

Reagents are less readily available for metal ions and lower molecular weight organic chemicals

Identification of individual chemicals is more feasible than differentiation of compound classes



5. GAS CHROMATOGRAPHY

GC is a very important technique for analyzing organic compounds in aqueous samples. The use of

portable QC has become a very attractive alternative to laboratory analysis, especially for hazardous

waste site investigations where analyses are needed quickly. Portable GCs are the most mature

field screening technology available. An evaluation of field mobile GCs for the analysis of volatile

organic compounds (VOC's) was performed recently under the SITE Program (21). The U.S. Army

also performed a comparison of commercially available chromatographs for field use (8).

The GC pape.s in the Field Screening Methods Symposium focused on improvement of techniques

including sample handling (Table 3). Some of these overlap with the papers described in the

previous section. It serves to reemphasize the real-world needs for improvement of sampie handling

and preparation techniques.

INSERT TABLE 3

Spittler presented a brief overview of the development of field instrumentation and indicated some of

the promising uses of field GCs in ground-water protection (11). He pointed out that the use of non-

specific
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Table 3. Advancements in Field GC

Advancement

Optimization of column operating conditions
for speed

Minimization of injection band width

Improvement of response using an argon
ionization detector

Use of ambient air as carrier gas

Use of coated surface acoustic wave
detectors to increase selectivity and
sensitivity

Improvement of selectivity using retention
time index

Improvement of compound identification
using a retention index library

Improvement of compound detection by
on-line sample concentration

Improvement of headspace methods through
better choice of soil extraction
procedures

Author

Levine et al. (id)

Kaelin et al. (le)

Wohltjen et al. (if)

Elton et al. (ig)

Sloboda (in)

Carney et al. (li)

Mainga et al. (ij)

Crockett et al. (1k)

11



detectors such as with total organic vapor detection equipment is really a preliminary phase of field

GC. Such instruments can determine low parts per million levels of most volatiles and are now

equipped with on-board data-logging capability. He concluded that only a limited number meet the

qualifications required in field studies. He described the capabilities and limitations of several

commercially available instruments. The principal uses and state of the technology for field GC are

summarized in Table 4.

INSERT TABLE 4

Spittler pointed out that the remarkable sensitivity of some field GC's enables a field chemist to

detect very low levels in ambient or vadose zone soil gas-surveys (low ppb levels on a wt/wt basis).

Also, the use of headspace analysis in the field provides ppt sensitivity for volatile organics in water.

These techniques provide a field analyst with an ability to detect contamination in water even when

levels are well below any need for health concerns.

6. MASS SPECTROMETRY

Major advances in the use of MS in the field are reported (1). Mackay summarized U.S. Army

research and development on an MS field system which can provide sensitive, effective real-time

detection and identification of chemicals in the form of vapors, aerosols, and ground-surface

contamination (1m). This system also has the potential of detecting materials of biological origin.

The system consists of two major parts, the biological probe (pump and four stage vertical impactor)

and the mass analyzer chassis (mass analyzer, instrument computer, data processing computer and

display, alarm, and communication modules). A quadrupole ion storage mass analyzer is used in

the system. Selected ion masses are either trapped in the device or expelled. The masses of the

ions that are expelled are directly correlated to the applied voltages and frequencies. Other MS

papers presented at the Symposium can be conveniently placed into two categories, GC/MS and ion

trap. Brief descriptions follow.

12



Table 4. Field Gas Chromatography*

Principal uses

Headspace analysis for volatile organics in water

Soil-gas analysis

Data input to ground-water protection strategies

State of the technology

Many different instruments

Limited number meet qualifications:

True portability
Ruggedness
High sensitivity

*T. M. Spittler (11).
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(i) Gas Chromatography/Mass Spectrometry (GC/MS)

A field evaluation was reported of a mobile GC/MS system manufactured by Bruker Instruments, Inc.

to assess the ability of the technology to perform in-field analyses of organic contaminants in soil

and water (in). The demonstration took place at two Superfund sites in Massachusetts during 1990

and was sponsored under the EPA SITE Program (Table 5). Several issues were identified that

must be addressed before mobile MS systems can be employed in Superfund site monitoring,

characterization, and remediation activities. These issues listed in Table 5 do not necessarily

represent problems with the technology itself, but represent external factors such as quality

assurance/quality control (QA/QC) that require attention. EPA is considering additional mobile MS

evaluations under the SITE Program. These evaluations will concentrate on separating variability

associated with the instrument from variability associated with the method, formalizing QA/QC

procedures, and establishing consistent data reporting procedures for field applications.

INSERT TABLE 5

(ii) Ion Trap Mass Spectrometry (ITMS)

iTMS drew a number of relevant papers to the Field Screening Methods Symposium for identification

and quantification of VOC and semivolatile organic compounds. A special report on ITMS was

published recently and summarizes recent developments (22). The analytical utility of ITMS has

become very apparent. Benefits and the experimental sequence are given in Table 6. Examples of

the data reported in the Symposium are given in Table 7.

INSERT TABLES 6 & 7
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Table 5. Case Study: Mobile Gas Chromatography/Mass Spectrometry (in)

Evaluation of the Baiker Mobile Environmental Monitor under the Environmental Protection Agency
Superfund Innovative Technology Evaluation Program

Demonstration (Massachusetts Superfund sites)

Analysis of polychlorinated biphenyls (PCB's) and polyaromatic hydrocarbons in soil

Analysis of VOC's in water

Issues Needing Research

Method development and procedural documentation

Development of standardized QA/QC requirements and limits

Development of data reporting standards

Development of detailed troubleshooting guides and training programs
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Table 6. Ion Trap Mass Spectrometry Systems

Ion Trap Benefits

Greatest sensitivity of all mass spectrometers (ppt)

Simpler, more rugged, more reliable mass analyzer

MS/MS is more easily implemented with an ion trap than with quadrupole analyzers

Ion Trap Experimental Sequence

lonization of analyte

Ion trapping

Mass selection of parent ion

Collision-induced dissociation of selected ion

Recording MS/MS spectrum by sequentially ejecting the product ions
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Table 7. Detection Limits for Volatile Organics in pH-7 Water Using a Direct Purge Ion Trap Mass
Spectrometry Systems (1O)

Compound Detection Limit (ppb)

1,1,1 -Trichloroethane 12

1,1,2,2-Tetrachloroethane 28

1,1,2-Trichloroethane 18

1,1-Dichloroethene 33

1,2-Dichloroethane 27

1,2-Dichloroethene 21

Benzene 3

Bromoform 15

Carbon Disulfide 18

Carbon Tetrachloride 16

Chlorobenzene 5

Chloroform 20

Cis-1,3-Dichloropropene 6

Ethylbenzene 4

Methylene Chloride 60

Styrene 5

Tetrachloroethylene 5

Toluene 4

Trans-1,3-Dichloropropene 15

Vinyl Chloride 5

Xylenes (total) 4
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While the results with ITMS for water analyses are very promising, much work remains. As pointed

out by Wise et al., the development of methods for identification and quantification of compounds in

complex mixtures is especially important (1O).

7. X-RAY FLUORESCENCE SPECTROMETRY

XRF is used to define the relative concentrations of inorganic contamination in soils, and the

technique is currently being used in the field. The major challenge in application of XRF under field

conditions seems to be the better use of the instruments that are already available. Field-portable

XRF instruments have been utilized in the minerals industry for over a decade. Instrument size has

decreased and detection limits have improved over the years. The equipment has become more

sophisticated but simpler to operate. For example, a recent summary of new portab'8 analytical

instruments indicates an XRF analyzer that weighs just 8.5 kg and fits into an over-the-shoulder bag

(23). XRF is used for qualitative and quantitative determination of the concentration of many metals

in different types of media. Virtually any medium that contains elements with a heavier atomic

weight than silicon can be analyzed. Recent investigations have focused on improvement of sample

preparation techniques and sensitivity for soil analysis Op-Is).

The U.S. Army sponsored an evaluation of commercially available XRF instrumentation {8, 24) for

screening sites that are heavily contaminated with inorganic materials. Colorimetric test kits for lead

and copper were recommended for concentration levels below the detection limits of XRF under the

Army scenario.

XRF measurements are affected by changes of soil matrices, soil moisture content, and the nature

of metal species and their mixtures. These effects can adversely affect the results of measurements

and need to be corrected. There is less reported on the use of XRF for water analysis.

Concentration techniques may be required. XRF was used to analyze aqueous solutions containing

suspended inorganic compounds containing magnesium, aluminum, sulfur, and calcium by filtering

the solution and analyzing the filter (25).
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8. EMERGING TECHNOLOGIES

There are a number of emerging technologies which are applicable to surface- and ground-water

monitoring. Several were covered in the Field Screening Symposium (1), and are briefly described

below:

(i) Ion Mobility Spectrometry

Ion mobility spectrometry (IMS) is a technique for detecting and characterizing organic vapors at ppb

concentrations. The principles of IMS involve gently ionizing molecules and analyzing subsequent

ions using their ionic mobilities. Characterizing with IMS is based on ion separations due to ionic

mobilities rathe: than ionic masses. This distinguishes IMS from MS. The mobility spectra are

useful for compound identification. An IMS is operated at atmospheric pressure, leading to certain

practical advantages including reduced size, power requirements, weight, and simplified operation.

The United Kingdom and the United States military establishments funded IMS research and

development research that resulted in compact, self-contained IMS units weighing 2 kg, using 4

watts, and that are made to military-specifications for field use in chemical defense applications.

IMS is being adopted for technology transfer from the chemical defense arena to environmental field

screening and analysis applications. A laboratory demonstration of IMS was conducted under the

SITE Program in 1990 (14). It was concluded that IMS had great potential as a field monitoring

device for soil and water samples but additional research is needed on sample handling and

preparation, especially when complex mixtures are involved. A recent review of IMS is available

(26).

(ii) Spectroelectrochemistry

Spectroelectrochemistry represents the combination of two different techniques, electrochemistry and

spectroscopy, to study redox chemistry. In spectroelectrochemistry, spectroscopy is used as an itv
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situ technique to identify electrochemistry products in real time. It has proven to be an effective

approach to elucidate the redox chemistry of a variety of inorganic, organic, and biological

molecules. The use of a microelectrode as a transducer in combination with spectroscopy (involving

the use of fiber optics) is attractive to consider as an in-situ monitoring and measurement technique

in aqueous media. However, applications of spectroelectrochemistry for environmental monitoring

have not yet emerged. A review of the literature shows that the research has concentrated on

elucidating basic chemistry at the surface of an electrode rather than elaborating on applications.

The use of microelectrodes, in combination with spectroscopy, as an integrated sensor approach,

apparently offers the potential for high selectivity and sensitivity. Current challenges are to examine

the feasibility of using electrochemistry in combination with spectroscopy for in-situ monitoring. A

recent review of the application of spectroelectrochemistry to analytical chemistry provides useful

references (27).

(iii) Spectroscopy

Eastwood and coworkers presented an overview of advanced spectroscopic field screening and jrv

situ monitoring instrumentation and methods at the 1989 International Conference on Chemistry for

the Protection of the Environment (24).

Interest in using ultraviolet, visible, infrared, and luminescence spectroscopy for field measurements

is continuing. The measurements may involve optical changes that occur in sensor coatings using a

fiber optic. Alternatively, direct measurements of analytes may be made using characteristic analyte

light absorption or emission properties. A variety of research opportunities exist. A new technique

has been reported by Lieberman and coworkers that couples a fiber optic system to a truck-

mounted cone penetrometer (it). A sapphire window mounted in the side of the penetrometer pipe,

approximately 60 cm above the probe tip, provides a view port for a fiber optic-based fluorescence

system.

Though research and development on fiber optic sensors for in-situ analysis has been conducted for

years, commercially available systems are just becoming available. One company in Las Vegas,
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Nevada, has a fiber optic system that is claimed to be able to monitor/measure gasoline leaks from

underground storage tanks down to very low (ppm) levels (29). It is projected that more systems

for specific applications will be on the market within the next few years.

(iv) Immunoassays

The Field Screening Methods Symposium attracted several presentations on the development of

immunoassay procedures for detection of Hg ' , PCB's and pentachlorophenol in water (lu. - 1X).

The immunoassay for Hg2* reported by Wylie and coworkers is very specific (1X). A quality control

sample containing 0.2 mg/L Hg2*, 100 mg/L Ba2*, 1 mg/L Cd2*, 5 mg/L Cr3*, 5 mg/L Pb2*, and 5

mg/L Ag* diluted to known Hg2* concentrations and compared to solutions of mercuric chloride in

water showed no interference from other metal ions. It is expected that many more immunoassays

for metal ions will emerge in the next several years.

Immunoassays are becoming commercially available for a variety of compounds and show great

progress in developing different formats for multimedia environmental applications. Use of

immunoassays as rapid, inexpensive, disposable tests in the field will continue to be attractive

because they can be analyte specific.

9. CONCLUSION

Nations are faced with the clean up of a tremendous number of hazardous material contaminated

sites. Innovative approaches to site characterization and monitoring are necessary to reduce the

overall time it takes to remediate and to reduce the associated costs. The U.S. EPA, the

Department of Energy, and the Defense Department have each committed substantial research

dollars to the research, development, demonstration, and testing of emerging and innovative site

characterization and monitoring technologies. The Second International Symposium on Field

Screening Methods for Hazardous Wastes and Toxic Substances served as an important mechanism

for transferring and exchanging of information between interested users. We expect that new
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developments and additional testing and evaluating will result in an increasing number of

technologies for characterizing sites and for monitoring the progress and effectiveness of hazardous

waste site remediations.

NOTICE

The information is this document has been funded wholly or in part by the U.S. Environmental

Protection Agency under Cooperative Agreement No. CR814701 to the University of Nevada -

Las Vegas. It has been subjected to Agency review and approved for publication. Mention of trade

names or commercial products does not constitute an endorsement or recommendation for use.
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TOXJCOLOGJCAL IMPLICATIONS OF REMEDIATING
HAZARDOUS WASTES

Spencer A. Peterson1, John J. Barich, III2, and Joseph C. Greene3

ABSTRACT

Section 121 of the amendments (1986) to the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (SUPERFUND) calls for
hazardous waste site remediations that will permanently and significantly reduce the
volume, toxicity, or mobility of hazardous substances, pollutants, and contaminants.
Traditional engineering technology has concentrated on reduction in volume and
mobility as assessed by chemical and geophysical measures, assuming that reduc-
tion in volume and mobility would lead to reductions in toxicity. Environmental
scientists long have argued that this might not be the case. However, lack of
consensus on how complex hazardous waste mixtures should be measured toxico-
logically has hampered integrated assessments. Therefore, new work was initiated to
assemble a battery of aquatic and terrestrial bioassays to be evaluated comparatively
against several individual chemicals, mixtures of chemicals, and actual waste site
chemical mixtures. The bioassays were then applied to a mobility reduction demon-
stration to help assess its overall chemical, physical, and biological performance.
Results indicated that although remediation accomplished the primary objective of
mobility reduction, it introduced undesirable secondary effects (toxicity). These
trade-offs must be considered in the holistic sense with regard to the implementation
and evaluation of remediation measures.

1 U.S. EPA Environmental Research Laboratory, 200 SW 35th Street. Corvailis, Oregon 97333, USA.

2 U.S. EPA, Region 10, 1200 Sixth Avenue, Seattle, Washington 98101, USA.

U.S. EPA Environmental Research Laboratory, on IPA assignment to Western Region Hazardous
Substance Research Center, Department of civil Engineering, Oregon State University. Corvailis
Oregon 57331-2302, USA.



TOXICOLOGICAL IMPLICATIONS OF REMEDIATING
HAZARDOUS WASTES

Spencer A. Peterson1, John J. Barich, III2, and Joseph J. Greene3

INTRODUCTION

Background

In this paper, we compile results from several previous studies (Porcella, 1983;
Miller et al., 1985; Peterson et al., 1987; Barich et al., 1987; Greene et al., 1988;
Greene and Barich, 1991) to demonstrate how and why bioassays of hazardous
wastes conducted by the U.S. Environmental Protection Agency (EPA) have grown
from virtual obscurity to become a practical resource decision tool. A variety of
bioassays have been used for years to assess the condition of various substances
and medias and to develop water quality criteria, but the lack of consensus on how
complex hazardous waste mixtures should be measured and reported toxicologically
has hampered the integration of bioassays into the remediation engineering decision
process. Therefore, we set out to establish a scientifically logical, technically
acceptable, and operationally feasible set of multi-media (aquatic and terrestrial)
short-term bioassays for conducting comparative toxicological assessments on single
chemicals, mixtures of chemicals, complex hazardous waste site samples, and reme-
diation finished product samples. In so doing, we hoped to assure the scientific and
engineering community that bioassays are reliable, predictable, and useful in making
decisions regarding the remediation and clean-up of hazardous waste sites.

Concern for environmental and public health effects resulting from the disposal
of industrial and agricultural waste led to the development and passage of major
environmental laws and amendments in the United States during the past 15 years:

• Resource Conservation and Recovery Act, or RCRA (P.L 94-580, 1976)

• Comprehensive Environmental Response, Compensation and Liability Act of
1980, or Superfund, and its 1986 amendments (P.L 96-510, 1980; P.L
99-499, 1986).

The RCRA requires owners and operators of hazardous waste management facilities
to undertake corrective action for release of hazardous chemicals. Potential remedies
for managing releases are evaluated for their effectiveness in reducing toxicity,
mobility, or volume, in addition to other criteria. The Superfund is designed to
remediate hazardous waste sites in ways that permanently and significantly reduce
the volume, toxicity, or mobility of hazardous substances, pollutants, and contam-
inants.



Traditional Approach: Chemical Measures

The traditional approach to hazardous waste site problem assessment has been
to make a series of chemical analyses, either for chemicals known to be present at
the site, or for chemicals on the EPA Target Compound List (TCL), formerly known as
priority pollutants (129 consent decree chemicals) (U.S. EPA, 1979). Results of these
analyses are commonly compared to existing chemical criteria or standards (Keith
and Telliard, 1979). The individual chemical amounts exceeding the standards might
then be taken collectively to assess relative risks at a site.

Two major concerns with the chemical measures approach are, first, that few
criteria exist for waste site chemicals, and second, that criteria existing for TCL
pollutants consist primarily of human health carcinogens and mutagens, that is, long-
term bioaccumulating chemical effects rather than short-term toxic effects. Thus,
ecological considerations are minimized relative to human health concerns.

Other short-comings of the chemical-by-chemical criteria assessment approach
include:

• Data bases often are incomplete, making it difficult develop sound criteria
for many chemicals.

• Many chemicals found at hazardous waste sites have no criteria values.

• Complex matrix effects make i< difficult to quantify chemicals.

• Criteria based on laboratory studies frequently under- or overestimate
toxicity effects in the field.

• Chemical analyses often do not distinguish between active and inactive
species of a contaminant (speciation).

• Most criteria numbers give only limited consideration to environmental
variability.

• Criteria numbers were not intended for additive use.

• Development of soil and sediment criteria has been slow.

Figure 1 illustrates the difficulty in estimating environmental toxicity based on
chemical analysis of site samples. The figure represents a typical gas chromato-
graph/mass spectrometer (GC/MS) scan of a waste site sediment elutriate in which
four TCL pollutants and nine non-TCL pollutants were identified (Peterson, 1990).
Fourteen other organic substances remain "unknowns." Among the four identifiable
TCL pollutants, an environmental criterion exists only for phenol (3.4 mg/L) (U.S. EPA,
1980). Thus, determining the environmental toxicity of this sample based on its
chemistry alone is nearly impossible.
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Figure 1. A GC/MS scan of a sediment elutriate from the Western Processing
Site (Kent, Washington, USA), showing peaks for TCL and non-TCL
organic pollutants (Peterson, 1990).

Advantages of Bioassavs

One way to offset the problems associated with the use of chemical measures
alone is to supplement them with environmental toxicology tests (bioassays). Bio-
assays provide a more direct measure of environmentally relevant toxicity (Roop and
Hunsaker, 1985). Additional advantages of bioassays are that they:

• Integrate the effects of all environmental variables and chemicals.

• Provide a means of screening a wide variety of samples for acute and short-
term chronic toxicity.

• Help identify media and organisms at greatest risk.

• Offer an environmentally relevant means of directing chemical analyses.

This is not to say that short-term bioassays are without limitations. Some of the
limitations are: they do not provide bioaccumulation factors; they do not identify
carcinogenic, mutagenic, or teratogenic effects; they do not duplicate site conditions
and they are not chemical specific, thus, they cannot replace chemical analyses.



Although the advantages of using bioassays outweigh the disadvantages, a lack of
scientific consensus on which tests to use, what test conditions should be, how to
report the data, and how to apply bioassay information to problem assessment has
hindered general application. Therefore, we have attempted to develop an
acceptable approach, as described in the next section.

APPROACH

Selection of Bioassavs

Initially, there was a need for rapid, off-the-shelf methods of assessing the
relative toxicity of hazardous waste site samples to both aquatic and +errestrial
organisms. In early 1981, a technical group met to discuss the tests that would be
most likely to serve this need (Porcella, 1983). Test species were selected on the
basis of available data, chemical sensitivity, ease of laboratory culture, and the need
for organisms to represent various compartments of an ecosystem. The tests
selected included seed germination/root elongation (Lettuce, Lactuca sativa),
earthworms (Eisenia andrei), algae (Selenastrum capricornutum), daphnia {Daphnia
magna), fathead minnow (Pimephales promelas), and Microtox (Beckman Instru-
ments Inc., 1982) (Photobacterium phosphoreum). Figure 2 is a schematic depicting
sample types and the bioassay tests conducted on them. It was designed to screen
for relative acute and short-term chronic (Algae Test) toxicity in surface water,
groundwater, soil, and sediment elutriate.

Various chemical extraction procedures have been proposed for use by EPA in
analyzing hazardous waste samples (Federal Register, 1980 and 1986). Chemicals
used in these procedures are known to produce adverse effects on biological
organisms. For example, Peterson et al., (1990) and Danials (1981) showed that
sodium acetate and acetic acid extracts of soils increase sample toxicity. Therefore,
it was determined that soil elutriates should be prepared using deionized water.
Water was chosen as a conservative, natural leach medium that introduced no addi-
tional toxicity to the sample. The pH of deionized water is near neutrality, thus
approximating that of nonacidic rainfall.

Sample Preparation Method

Soil samples were sieved through 1/4-inch hardware cloth prior to eluting.
Water, soil, and soil/sediment eluates were adjusted, when necessary, according to
Miller et al. (1978) and Greene (personal communication) to comply with known pH
tolerances for the test organisms. Soil eluates were prepared by mixing 1.0 kg of
contaminated soil with 4.0 L of deionized water. The mixtures, in 1,500 ml_ glass
bottles, were placed into a rotary extractor and mixed end-over-end at 30 rpm for 48
hours. The waste/water mixtures were then centrifuged in 500 ml_ polycarbonate
bottle* for 10 minutes at 10,000 rpm and filtered through 0.45-micron membrane
filters prior to assay.
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Figure 2. Schematic showing bioassay testing approach for samples of
various types (from Greene and Barich, 1991).

Although sample manipulation of this type compromises absolute toxicity, our
primary objective was to assess the relative, comparative toxicity to different test
organisms across a broad spectrum of waste types. Thus, all test organisms were
exposed to sample material that had been prepared in exactly the same way. The
battery of bioassays and the sample preparation procedures described above consti-
tuted the "Protocol for Bioassessment of Hazardous Waste Sites" (Porcella, 1983).
Bioassays suggested in the protocol vere subsequently tested against single
chemicals, mixtures of chemicals, and actual waste site samples containing various
combinations of chemicals. The purpose was to assess the relative response of the
various bioassay test organisms, make recommendations concerning the appropri-
ateness of their specific use for different sample types, and revise the test protocols
when necessary.

Comparative Toxicology

We anticipated that by subjecting ail test organisms to singie contaminant? and
mixtures of contaminants, all prepared in exactly the same manner, and by con-
ducting the bioassay tests according to accepted (and media realistic) procedures,
we could develop truly comparative toxicological results. In this manner, we would



begin to develop a better understanding of the responses of specific test organisms
(representing various ecosystem compartments) to groups of chemicals such as
metals, insecticides, and herbicides contained in water and soil compartments of the
environment. In turn, we would have a better indication of the particular segments of
the ecosystem at risk as a result of frequently unidentified contaminants in the
environment.

Exposure of the entire bioassay test battery to single, then multiple, then
complex environmental sample mixtures was expected to reveal distinct rank-ordered
responses to the different major chemical groups. If rank-ordered responses were
revealed, we could be reasonably confident that bioassay tests would provide
meaningful, relative toxicity information for remediated soil samples.

To achieve this goal, toxicity had to be reported uniformly for all test organisms.
Therefore, we chose to report EC50 or LC50 toxicities as a percentage of the parent
sample material (water, soil, sediment elutriate). Thus, the lower the EC50 or LC50,
the greater the toxicity of the sample.

Application to Remediation Measures

In the final step of the evaluation, the bioassessment protocol was used to help
assess the before and after treatment toxicity of three soil stabilization procedures
and one vitrification procedure at the Western Processing Site near Kent, Washington,
USA. The untreated soil and stabilized products were subjected to a series of
physical, biological, and chemical performance tests. Commercial stabilization
processes used at the Western Processing Site were proprietary, so their chemical
formulation or composition could not be revealed. Therefore, the only way to know
their composition was to chemically characterize them. The only reasonable way to
know whether they might exhibit environmental toxicity was to conduct bioassays.
Results of bioassay tests on single chemicals, multiple chemicals, waste site samples,
and remediated soil samples from previous work are summarized in the following
section.

RESULTS AND DISCUSSION

Miller et al. (1985) reported the results of single chemical, complex chemical
mixture, and hazardous waste site sample exposure of test organisms described in
the "Protocol for Bioassessment of Hazardous Waste Sites" (Porcella, 1983). The
EC50 or LC50 response vaiues for each of the chemicals investigated were calculated
by linear regression analysis of dose/response data. Specific EC50 chemical concen-
trations were reported as average values obtained from replicate tests conducted with
each test organism. The rank-order toxicity values for protocol test organisms were
the same for each metal (Cu, Cd, and Zn) tested. This was also the case for the
herbicides (2-4-0 acid and Esteron 9 9 } and "the pesticides (Aldrin, Dieldrin, and
Endrin, all trademark product names); that is. the organism response order to the
toxicity of the individual chemicals of any major group was always the same. This,
not surprisingly, suggests that test protocol organisms might respond toxicologically



to major groups (metals, herbicides, pesticides) of contaminants in the same or
similar manner as they do to specific chemicals of each major group. Because of
this observation, and because we were interested in the comparative toxicology or
organism response ranking by groups of chemicals at hazardous waste sites, we
chose to summarize the relative sensitivity (rank-order) of the test protocol organisms
by aggregating responses by major chemical group.

Single Chemicals

Tests were conducted with the heavy metals Cu, Cd, and Zn (Miller et al., 1985).
The individual metal exposure test results reported by Miller et al. (1985) are
aggregated in Table 1 to show relative toxicity and rank ordering among the test
organisms. Algae and Daphnia were the most sensitive to these metals. They were
followed in descending order by Microtox, seed germination, and earthworms.

TABLE 1. EC50 TOXICITY VALUES FOR THREE HEAVY METALS (Cu, Ca,and
Zn) (modified from Miller et al., 1985)

d

0.042
0.22
4.98

69.93
623.90

0.005
0.04
1.24

13.59
124.80

12
20
25
20
20

12
12
20
15
9

Test Organism EC50a SDb CV° N

Algae
Daphniae
Microtox™, 30 min
Seed Germination
Earthworme

a Effective concentration at which activity is 50% that of a control
b Standard deviation
c Coefficient of variation
d Number of tests
e Reported as LC50 = concentration at which 50% die

Two herbicides, 2,4-D acid and Esteron 99™ (a commercial formulation of 2,4-D
acid), were tested. Aggregates of the responses obtained for seed germination/root
elongation tests indicate the EC50 was less than 0.17 mg/L (Table 2). Algae, how-
ever, were more than 300 times less sensitive than the seea germination test,
probably due to the fact that 2,4-D is an auxin analog, which stimulates destructive
growth in higher plants. Algae do not have auxin growth regulation, but react to
inhibition of the photosynthesis energy transport process. Thus, the difference in



TABLE 2. EC50 TOXICITY VALUES FOR HERBICIDES (2-4-D acid and Esteron
99™) (modified from Miller et al., 1985)

Test Organism

Seed Germination
Algae
Microtox , 30 min
Daphniae
Earthworm®

EC50a^

<0.17
54.35
68.20

> 126.55
11,315.00

SDb

0.017
19.02
9.82

41.76
2,772.00

CV°

10
35
14
33
25

Nd

20
8
8
8
8

a Effective concentration at which activity is 50% that of a control
b Standard deviation
c Coefficient of variation
d Number of tests
e Reported as LC50 = concentration at which 50% die

response between the seed germination and algae tests is both biologically plausible
and predictable. The seed germination and algae responses were followed in
descending order by Microtox, Daphnia, and earthworms. Thus, the rank order of
sensitivity for herbicides differs markedly from that of metals, and it appears that use
of a test battery of organisms potentially could provide information about the type of
contaminant responsible for producing a given toxicity. That information might help
direct chemical analysis where toxicity is deemed a problem. At present, however,
results of this type are too limited to provide general conclusions.

Water soluble solutions of the insecticides Aldrin (0.025 mg/L), Dieldrin (0.096
mg/L), and Endrin (0.069 mg/L) were tested using the bioassay protocol. The aggre-
gate of all insecticide tests is summarized in Table 3. The rank order of sensitivity for
the test organisms differs from that for the herbicides. Algae and Daphnia were quite
sensitive to these substances while Microtox and the seed germination tests showed
no effect. Earthworms, in a comparative toxicological sense, appear to be more than
600 times less sensitive to these insecticides than do algae and Daphnia. Again, the
reordered and greatly differing sensitivity of the various test organisms seems to
imply some evidence for a diagnostic capability in the future.



0.127
0.138

88.33
NEf

NEf

0.019
0.026

23.84

15
20
27

20
20
15

TABLE 3. EC50 TOXICITY VALUES FOR INSECTICIDES (Aldrin, Dieldrin, and
Endrin) (modified from Miller et al., 1985)

Test Organism EC50a. SDb CV° Nd

Algae
Daphniae
Earthworm®
Microtox™, 30 min
Seed Germination

a Effective concentration at which activity is 50% that of a control
b Standard deviation
c Coefficient of variation
d Number of tests
e Reported as LC50 = concentration at which 50% die
f No effect

Chemical Mixtures

When the toxicity of 2,4-D acid (94% pure) was compared with the toxicity of
commercial Esteron 99™ made up to the same 2,4-D concentrations, an interesting
phenomenon was noted (Miller et al., 1985, Table 4). The response of aigae,
Microtox, Daphnia, and earthworm to the Esteron 99™ (with undisclosed "inert"
ingredients) was much greater than it was for the 94% pure 2,4-D. This response
suggests that the "inert" ingredients themselves in Esteron 99 might be toxic or that
they might act synergistically to enhance the actual toxicity of 2,4-D.

Hazardous Waste Site Samples

Greene and Peterson (1989) reported on the results of bioassay comparative
toxicology assessments on samples from 37 different sites in the United States. They
conducted algae, Daphnia, and Microtox bioassays on 326 identically prepared
samples. More than half of the samples (185, or 57%) produced EC50 or LC50
responses. An EC50 for algae was produced by 158 (85%) of the toxic samples. An
LC50 was produced for Daphnia by 139 (75%) of the toxic samples. Collectively, an
EC50 or LC50 was produced for algae and Daphnia by 177 (96%) of the toxic
samples. Scientifically logical bioassay responses to single and multiple chemicals,
Tie apparent ability of bioassays to detect toxicity differences between pure and
commercial formulations of 2,4-D, and distinctively different responses to a variety of
actual waste site samples contributed to our sense of confidence that the bioassay
screening approach to hazardous waste site assessment can be helpful in making
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TABLE 4. EC50 TOXICITY VALUES FOR 2,4-D AND ESTERON 99 (modified from
Miller et al., 1985)

Test Organism 2,4-D r-oe« / /. x Esteron 99
a EC50 (mg/L)

Seed Germination <0.1 <0.1
Algae 95.8 12.9
Microtox™, 30 mir 128.0 8.4
Daphniaa > 240.0 13.1
Earthworm3 9,830.0 12,800.0

Reporter as LC50 = concentration at which 50% die

hazardous waste site remediation and clean-up decisions. The next logical step in
the bioassay evaluation process was to determine their ability to assess potential
environmental toxicity associated with an actual site remediation.

Application to Remediation

Three chemical procedures and one vitrification soil stabilization treatability
procedure were demonstrated at the Western Processing Site at Kent, Washington,
USA. Soils at the site were contaminated with polynuclear aromatic hydrocarbons
(PAH) ranging in concentration from 8.0 to 740.0 mg/kg. However, heavy metals
dominated, with Pb concentrations near 1,200 mg/kg and Zn concentrations in the
range of 5,000 mg/kg.

A variety of engineering criteria were employed to assess success or failure of
the stabilization procedures. Among them were the Extraction Procedure (EP)
Toxicity Test (Federal Register, 1980), the Toxicity Characteristic Leaching Test
(TCLP) (Federal Register, 1986), and the Solid Waste Leaching Procedure (SWLP)
(U.S. EPA, 1986). The EP Toxicity Test was designed to extract and screen
chemically for heavy metals and selected pesticides. The TCLP was designed to
extract and screen chemically fcr heavy metals and organic contaminants. The
SWLP was designed to provide engineering estimates of the total volume and mass
of leachate that might be expected from a hazardous waste site. The EP Toxicity
Test and the TCLP both employ chemical extractants, thus making the resulting
leachates unsuitable for bioassay. The 3WLP employs a series of sequential leaches
with distiiied/deionized water to simulate hydrolcgic processes.

Unlike the initial chemical screening tests at this site, no PAHs were detected
when the soil stabilization demonstration was conducted. This was not unexpected,
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since PAHs are highly volatile and soil samples are highly manipulated during the
stabilization procedures. Thus, most chemical analyses focused on heavy metals.
Results of the EP Toxicity Test and the TCLP are summarized in Table 5, where the
first column shows the total metals in untreated soil, the second column shows the
metals extracted from untreated soil by the EP Toxicity procedure, and the third
column shows the metals extracted from untreated soils by the TCLP procedure.

According to engineering criteria, the chemical stabilization procedures all
worked well because they were all successful in reducing elutriate strengths to levels
that aJlowed water quality criteria to be met directly (Barich et al., 1987). The same
criteria applied to the vitrification procedure were less successful.

TABLE 5. LEACHING PROCEDURE COMPARISON (modified from Barich et al.,
1987)

Metal (mg/kg) (mg/
EP Toxicity

( / L )

2n 5,000.0 68.000 68.000
Cd 27.0 0.360 0.020
Pb 1,200.0 0.530 5.100
Cr 170.0 — 0.045
Cu 110.0 0.047 0.170
Ni 30.0 0.067 0.073
Ba 70.0 0.450 0.980

When bioassays were applied to elutriates prepared from samples taken from
each of the procedures, the toxicities in Tables 6 and 7 resulted. The toxicities
shown in Tables 6 and 7 are expressed according to the scale proposed by Porcella
(1983) and are shown in Table 8. Vitrified samples elicited no toxicity, but the
procedure was ineffective in terms of reducing leached materials, as determined
chemically, to levels acceptable by water quality criteria standards (Barich et al.,
1987). Therefore, the fact that there was little toxicity had little bearing on any
decision concerning the rejection of vitrification as a stabilizer. However, since the
other three procedures all worked equally well, as judged by engineering criteria, Dut
caused various toxicity changes, the logical choice might be to select the least toxic
stabilization procedure. It is interesting that stabilization chemicals appear to have
increased toxicity to the terrestrial test organisms. However, this "on-site" increase
might be acceptable if stabilization is successful in reducing contaminant migration
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off site. Potential toxicity addition by any treatment procedure itself must be
considered in view of the total remediation project. This demonstrates only one
application of bioassays in the remediation of hazardous waste sites. Other less
complete examples are available (Athey et al., 1987).

TABLE 6. AQUATIC TOXICITY SCALER VALUES FOR SOIL TREATED WITH
FOUR DIFFERENT STABILIZATION PROCESSES (modified from
Barich et al., 1987)

Soil Stabilization
Treatment

Raw Soil (none)

Chiyoda (chemical)
Calweld (chemical)
Soiltech (chemical)

Vitrification
(electrical)

Algae

extremely high

high
high

extremely high

none

Daphnia

moderate

none
low
high

none

Microtox

none

moderate
moderate
moderate

none

TABLE 7. TERRESTRIAL TOXICITY SCALER VALUES FOR SOIL TREATED
WITH FOUR DIFFERENT STABILIZATION PROCESSES (modified from
Barich et al., 1987)

Soil Stabilization
Treatment

Raw Soil (none)

Chiyoda (chemical)
Calweld (chemical)
Soiltech (chemical)

Vitrification
(electrical)

Root
Elongation

none

low
low
low

low

Seed
Germination

none

moderate
moderate

extremely high

none

Earthworm

none

moderate
high

extremely high

none
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TABLE 8. BIOASSAY TOXICITY SCALE GROUPINGS (modified from Porcella,
1983)

Toxicity as Percent of Descriptive

Sample Material Toxicity
(EC50 /LC50) (Level)

<10% extremely high
>10%, <20% high
>20%, <75% moderate

>75%, or inhibition low
no effect (NE) none

CONCLUSIONS

The application of bioassay tests can provide:

• Integration of all environmental and chemical variables

• An indication of environmentally relevant toxicity potential

• A means of screening a wide variety of samples for acute toxicity

• An indication of media and organisms at greatest risk

• A means of ranking problems based on ecotoxicology

• A means of directing chemical analyses

• Assistance in making engineering decisions regarding clean-up and
remediation
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The Mazovian Refinery and Petrochemical Works Emission Influence onto Chemical

Content of Cultivated Plants.

Plock aud its surroundings (Central Poland) in 1982 was counted as a area of

ecological threat (Gorka, Poskrobko 1987). There have been distinguished 27 sue;.

as terrains, embracing total amount of 11.3 per cent of our country area. I;

the Plock region the main source of environmental pollution are Mazovia..

Refinery and Petrochemical Works (MRPW) emissions in Plock, the second greater •

plant of this type in Europe. This enterprise emits very wide scale c:

pollutions (about 30 groups of chemical compounds), mainly gaseous. For e.vampl-

in 1988 MRPW have been sending into atmosphere up to 113,936 tons cf gasfrc:-

pcllutions, the most of all chemical plants in Poland (GUS 1989).

Inquiries concerning influence of Plock Petrochemical Works ont

environment, had btarted already in 1970. They have comprised horticultural,

agricultural, forest and grassy ecosystems. The main goal cf this research .va-

tc appoint threaten area and dynamics cf changes in phytocenoses. ImoerTarr

position in our works have embraced wide chemical analysis of cultured plants.

The target was to show differences in chemical state depending on the distance

from Works, the organ and species of plant, tc define plants 3ccumulati.-.r.



from Works, the organ and species of plant, to define plants accumulation

ability for particular harmful pollutions and ascertain the state o* crops and

consumers threat.

46 species of cultivated plants have been examined totally, among them IP

vegetables species (broad bean, onion, bean, peas, cabbage, dill, squash, corn.

carrot, cucumber, parsley, tomato, radish, lettuce, celery, sunflower and spinach).

12 agricultural species (wheat, rye, barley, oats, sugar and field beet, potato.

clover, alfalfa, field pea, common vetch), 8 herb species (basil, savoury,

perforated St. John's wort, marjoram, peppermint, chamomile, sage, thyme), ^

orchard species (pear, apple, red currant and strawberries) and ornamental

plants.

In the plant material have been determined: total sulphur, sulphate

sulphur, total nitrogen, ammonium nitrogen, nitrate nitrogen, nitrate nitrogen t<_

total nitrogen ratio, total phosphorus, available phosphorus, available forms or

potassium, sodium, calcium and magnesium, iron, manganese, zinc, copper, chromium.

lead, nickel, cobalt, cadmium, vanadium, aluminium, total ash, benzo(a)pyrene.

aromatic hydrocarbons boiling up to 200 °C, photosynthetic active pigments, fa*

and A and C vitamins. Particular attention have been paid onto the mos*

contaminative pollutants being accumulated in cultivated plants arounc

Petrochemical Works in Plock, it means sulphur pollutions, heavy metals an<-

benzo(a)pyrene



1. Terms *nd MethoHs nf Rfts*>i»rf?hp«..

In 1970-1975 researches have been conducted on transects located in four main

directions from MRPW, furthermore the most outlying points have been located

about 7 km from Works. In 1975-1987 examinations were conducted in the area of

four allotments gardens in Plock, located in distance between 0.5 to 6 km from

Petrochemical Works. At last in 1986-1989 within frames of agricultural

monitoring? have been conducted researches in several sites located in four

directions from MRPW (NE, SW, NW and SE) in distance between 0.5 to 18 km from

Works.

Total sulphur and sulphate sulphur have been defined by nephelometric

method by Nowosielski (1974). Total nitrogen have been defined by Kjeldahl

method, ammonium nitrogen by distillation micromethod by Bremner in Starck

modification, nitrate nitrogen by the method with phenylodisulphate acid by

Carolus and total phosphorus and available phosphorus by vanado—molibdenate

method. Available forms of light metals have been analyzed bv

spectrophotometric flame method. All available forms have been defined in 2 per

cent acetic acid extract. Total content of light and heavy metals except

vanadium have been defined by atomic spectrophotometric absorption method

(ASA). Vanadium have been defined by spectrophotometric method with 3,3-

dimethylnaphtydyne (scope from 0.08 to 2 (igTnl"*) and spectrophotometro-

catalitic with gallic acid. Benzo(a)pyrene have been defined by thin-laver



chromatographic method based on methods used by Lisiecka ar,d Kalinowska (1970)

and Borkowska, Dukwicz and Strusinska (1982).

3. Results Rppoi~t and

In researches conducted in 1970-1975 attention have been paid mainly onto the

accumulation of total sulphur in plants. Vegetable plants (celery, savoy, lettuce.

string bean, red beet), orchard plants (apples) and agricultural plants (rape,

wheat) have been tested. Talking about vegetables the highest content of

sulphur have been ascertain in leaves of celery (2.30 per cent of dry mass) and

leaves of cabbage (1.09 per cent d.m.) and the least in roots of red beet (0.08 *

d.m.). Among others considered plants particularly high accumulation hav-

excelled rape (in seeds the content of sulphur amounts up to 1.02 % d..n., i:

straw 0.89 % d.m.) and specially the ieast fruits of apple tree (0.06 % d.m.}.

Harmful content, it means over 1 % d.m. (Nowakowski 1982), have been determined

in leaves of celery and cabbage and rape seeds. The highest accumulation oi

sulphur have been observed in Cruciferous and in celery leaves (Fig.l).

In plants cultivated in allotment gardens wide range of analysis have bee;

done, liierfe *erc decei umiuu ao well ail KAIIUS or punuuoua luobi. uangerous rot

environment around Petrochemical Works in Plock as different forms of nitrogen.

phosphorus, potassium, sodium, calcium and magnesium. As a criteria z:

differences significance between average concentrations of examined ingredient.-

in samples from Plock and control samples (years 1'7:-;Q87; t-S: _ ...t +es" wa-



applied with 0.05 significance level. All important differences have been

distinguished on represented pictures with "x" sign.

The content of total sulphur in vegetables and potatoes in allotment

gardens has varied from 0.15 % d.m. in red beet roots to 1.26 % d.m. in cabbage

leaves. The highest amounts of total sulphur have been determined generally in

leaves of vegetables (cabbage, radish, peas and carrot) and the lowest in roots

(red best and carrot). Low accumulation have shown also seeds (bean, broad bean)

and tubers (potato). Harmful content (over 1 % d.m.) have demonstrated cabbage,

carrot, radish leaves and subfoliar part of radish. In case of decided majority

of tested organs of particular species accumulation of total sulphur have been

highest then in control samples. Leaves of radish, carrot and potato tubers

accumulate even considerably more sulphur then control samples (Fig.2).

Content of sulphate sulphur amounts from 0.07 % d.m. in roots of red beet

and haulms of potato to 0.63 % d.m. in cabbage leaves. Particularly high

sulphate sulphur accumulation have represented leaves of carrot, cabbage and

horse bean, where have been met noxious contents, which is over 0.5 % d.m. In

many cases accumulation of sulphates in Plock have been highest then in control

samples, but no significant statistic differences have been determined (Fig.3).

Examined cereals (spring wheat and spring barley), fodder plants (field

peas, common vetch, lupin) and orchard plants have accumulated usually

noticeable lower amounts of total and sulphate sulphur then vegetables. I"

concerns particularly cereal grains and fruits of orchard plants. Only in field

peas excessive accumulation of sulphate sulphur have been determined. In tested



herbs harmful content of total sulphur has not been noticed however sulphate

sulphur has not been tested.

In vegetables and potatoes cultivated in allotment gardens examples of

noxious content of zinc, chromium, vanadium, iron, manganese and nickel have

been noticed. Additionally in these plants have been discovered overnormative

contents of lead (leaves and roots of red beet, leaves and roots of carrot.

haulms of potato), cadmium (all examined organs except leaves of parsley) and

cobalt (leaves and roots of red beet, leaves and roots of carrot, broad bean

seeds). Harmful and normal limit contents, to which have been compared

particular maximum contents, have been taken for iron from Kabata-Pendias and

Pendias (1979), and for other heavy metals from Kabata-Pendias and Piotrowska

(1984).

Concentration of zinc in vegetables and potatoes cultivated in allotmen*

gardens in Plock has varied from 12 mg'kg"1 d.m. in cabbage leaves up to 13"

mg'kg"1 d.m. in leaves of spinach, potato hauims and broad bean seeds. Noxious-

content (over 200 mg'kg"1 d.m.) have been noticed in red beet leaves, spinach

leaves and potato haulms (Fig.4).

Chromium have been present from traces in broad been <5e«?ds UP *-n -/.

mg*kg~i d.m. in parsley leaves. High content of chromium have been found also

in leaves of red beet and carrot. Noxious accumulation, which is over 5 mg*kg~-

d.m., has represented all examined organs except cucumbers, potato tubers and

broad bean seeds (Fig.5).



Content of vanadium has varied from 0.301 mg*Y.g~l d.m. in potato tubers

to 20.313 mg^kj"1 d.m. in leaves of red beet. Harmful content (over 5 mg*kg~

d.m.) have been determined in leaves of red beet, carrot and parsley (Fig.6).

Noxious concentrations of iron (over 200 mg'kg"1 d.m.) have performed ai:

examined organs (Fig.7), manganese (over 300 mg*kg-1 d.m.) in red beet and carro*

leaves (Fig.8), nickel (over 10 mg*kg~1 d.m.) in leaves and roots of red beet.

spinach and carrot leaves and in potato haulms (Fig. 9).

Agricultural plants (except potatoes), orchard plants and herbs, often have

accumulated less heavy metals then vegetables. Despite of it there have been

determined comparatively many examples of presence noxious amounts of heav>

metals. Harmful contents of iron have been noticed in stems, seeds and leaves o:

field peas, stems and seeds of common vetch, grain ol bariey leaves, leaves,

stalks and pods of lupin and in all eight tested herbs. Chromium in harmful

concentrations have been present in straw and grain of barley and wheat and

in all species of herbs except chamomile, nickel in seeds, leaves and stalks of

field peas, and six species of herbs (except chamomile and peppermint) and

vanadium in leaves of field peas. Additionally in examined agricultural plants

(except potato), orchard plants and herbs have been de^r^in*"* .iv-«>==:••

contents of lead (stems, leaves and stalks of field peas) and cadmium (seeds of

field peas, grain of barley, pears and usable organs of perforated St. John's

wort, peppermint, sage, thyme and chamomile).

Worth emphasizing is, that the level of accumulation for both tested forms or

sulphur (total sulphur and sulphate sulphur ) and heavy metals ir. olant =



cultivated in allotment gardens have not been decreasing with the distance from

Works. Noxious contents of mentioned above pollutions have been observed in all

of examined allotment gardens. In case of sulphur accumulation pretty

unmistakable influence of emissions from Petrochemical Works has shown up. On

the contrary, similar dependance has not been defined for heavy metals.

The contents of benzo(a)pyrene have been investigated in leaves and roots

of red beet, spinach leaves and potato tubers cultured in allotment gardens. In

leaves of beet and spinach about twice as much cancerogen have been defined

then in beet roots and potato tubers. Clear dependence of the distance from

Plock Petrochemical Works on the concentration of BaP in vegetables and

potatoes have been observed. In control samples concentration have been lower

then in examined samples. In spinach and red beet leaves content of

benzo(a)pyrene which has exceeded content, receiving as a normal (Marchwinska f*

others 1983), have been ascertained, which means over 20 ^g'kg"1 d.m. (Fig.10).

In plants cultured in allotment gardens have not been observed

considerably perturbations in nitrogen, phosphorus, potassium, calcium, magnesium

and sodium management. Leaves and subfoliar parts of radish, leaves and roots

of red beet and cabbage leaves ha\<j however accumulated excessive, noxious

amounts of nitrate nitrogen, it is over 2000 mg'kg"1 d.m. fMengel & Kirkby 196T.

and in red beet roots have been ascertain to high amounts of nitrate nitrogen

against total nitrogen. These deviations have been caused by imissions coming

from Petrochemical Works but expect so connected to fertilizers misapplayment

fWidera 1986).



Within frames of agricultural monitoring, accumulation of heavy metals and

total sulphur in cereals (grain and straw of rye, barley, wheat and oats) ant-

root crops (potato tubers, leaves and roots of fieiJ beet) U e been analyzed.

Accumulation of tested ingredients have been highest in field beet leaves ar.c

cereals straw. However any harmful content of sulphur and heavy metals have

not been ascertain. To define radius of influence of MRPW emissions ontc

agricultural crops, results from 5 sites situated in NE direction in the distance

from 1 to 18 km have been analyzed. There have been observed, that highest

average concentrations of examined metals in cereals (Cd, Pb, Zn, Cu, Cr) have

performed in distance of 1 km from Works, they have been decreasing to 12 krr,

and have been somewhat increasing on 18 km. From accounted regression equatior.

result that in distance about 20 km from Petrochemical Works the . level oi

pollutions stabilizes on the plane of 20 per cent lower than in distance of :

km.

t+. Summary.

Researches conducted in the region of MRPW have demonstrated that the

immediate radius of Petrocnemicai Works emission is pretty considerably and

amounts about 20 km. It have concerned definitely sulphur pollution and heav.

metals. Majority of benzo(a)pyrene has decreased somewhat comparatively close

from Works, about the distance to 5 km. Particularly liigh abilitv c:

accumulation of the most dangerous pollutions have characterized Cruciferous



I 0

(cabbage, radish, rape). The most pollutions accumulate assimilate parts of tested

plants, mainly leaves (cabbage, carrot, parsley, red beet), what fully agree with

observations other authors concerning accumulation of sulphur (Warteresiewicz

1979) or benzo(a)pyrene (Engst & Fritz 1975). Decidedly the least pollutions have

accumulated fruits (apples, red currants, strawberries, cucumbers) and seeds

(bean, broad bean).

Among all examined pollutions, emissions of MRPW have had considerably

share in increased accumulation of cultured plants for benzo(a)pyrene and

sulphur pollutions only.

It have been defined, that cultivated in the region of MRPW plants can be

dangerous for people health. Particularly dangerous are plants, where edible

parts are leaves (spinach, cabbage, parsley). Noxious for consumers can be eating

of other edible organs, such as roots (red beet) or subfoliar parts (radish;.

Dangerous for people can be also use of leaves of some plants (carrot, red beet)

as a pasture for animals reared in allotment gardens (rabbits, chicken).
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ACID RECOVERY FROM ETCHING EFFLUENTS BY DIFFUSION DIALYSIS

Jacek Wiśniewski* , Toaasz WinnicJti , Stanisław Suder

Institut of Environaent Protection Engineering, Technical

University of Wroclaw, Wybrzeże Wyspiańskiego 27, 50-370 Wrocław

Sporenberg, Uaveltschutz und Verfahrens-technik Gabh, Carolinen-

gluckstrasse 35, D-4630 Bochua, FRG

SUMMARY

In the present study acids were recovered froa the etching

effluent. The wastewater streaa contained sulphuric acid ( 168

g/da ), hydrochloric acid ( 18 g/da ), and iron ions ( 14 g/dm ). The

dialysis process was run in the ten-compartment diffusion dialyzer

with a unit transfer area of 43 cm , equipped with Selemion AMV

membranes. In system I, with the volume ratio of dialysate to

diffusate 1: 1.5, the recovery coefficient of hydrochloric acid and

sulphuric acid amounted to 6IX and 45%, respectively. In system II

(volume ratio 1:10), acid recovery coefficient equaled 93% and 53%,

respectively. Retention coefficient of iron ions was very high in

both versions and amounted to 99JS and more.

INTRODUCTION

In chemic-1 etching of metals acid baths are involved. These are

usually diluted sulphuric acid, hydrochloric acid, nitric acid or

mixtures of those acids. In the course of etching, some portion of



the acid is taken awsiy together with the «etal eleaent trsated. This

phenomenon, as well as the reactions that occur in the etching

process, accounts for the decrease of acid concentration and the

increase of metal ion content in the solution, thus deteriorating

the etching bath. Neutralization of the acidic etching effluent via

lime treatment (which is widely used in engineering practice ) has

two major drawbacks: it produces large amounts of sludges and

eliminates recovery of acid. And that is why environmental

scientists and practicioners have directed their attention to

•embrane techniques, specifically to diffusion dialysis.

The process is attractive in that the difference in the chemical

potential between the two sides of the membrane can be used as the

driving force. Dialysis involving anion-exchange membranes enables

separation of inorganic acids from the salts and metals present in

the spent etching bath. The principles of the process are shown in

Fig. 1. Thus, while on side of the membrane provides flow of the

feeding solution (which contains salt and acid), the other side

provides water flow in countercurrent. The process yields a

deacidified saline solution (dialysate) and the recovered acid with

a saline additive (diffusate ). Under favourable conditions, the

concentration of the recovered acid approaches the acid concentra-

tion of the feed.

The diffusion dialysis process and its application to acid

recovery from etching baths has been described a number of times in

specialized literature, particularly in Japan (Asahi Glass; Tokuyama



Soda ). Presently, the process is successfully used for the

separation of sulphuric acid from aluminium ions and iron ions [ 1 ],

as well as for the separation of nitrtic acid and hydrofluoric acid

from iron ions [2]. As shown by those data, metal retention by the

anion-exchange membrane, and acid recovery from the etching effluent

range from 90 to 95JJ and from 75 to 85%, respectively. Investiga-

tions on the separation of acids and heavy metals were also reported

in the Soviet Union [ 3 ], but the range and scope of the study were

not as extensive as those of the Japanese investigations.

In our study, hydrochloric acid and sulphuric acid were recovered

from etching effluents containing hydrochloric acid, sulphuric acid

and iron ions.

EXPERIMENTAL

Apparatus

The experimental system is shown in Fig. 2. The dialyzer (2),

which constitutes the body of the system, consists of five cell

pairs, and has been equipped with labyrinth-type spacers and

SELEMION AMV anion-exchange membranes. Unit effective surface

2 ?

amounts to 43 cm , the total transport surface being 387 cm".

Dialysate and dlffusate circulate in co-current between the feeding

tanks (6, 7) and the dialyzer (2). Air accumulators (4) make it

possible to keep the pressure of the pumped solution on a constant

level. Flow is measured with rotameters (3).



Methods

The experinents were run in two technological systems. System I,

with a high acid-enrichment of the diffusate, had an initial

3 3dialysate volume s diffusate volume ratio amounting to 4 dm ^6 da .

System II, with a high deacidif ication of the dialysate, had an

3 3initial dialysate volume / diffusate volume ratio of 4 dm ^40 dm .

In both systems, spent etching bath and deacidified water acted as

dialysate and diffusate respectively. The composition of the etching

bath was as follows: 3.5 eq. H+/d«3
; 18 g Cl~/dm3; 16.8 g SO4

2"/dm3,
3

and 14 g Fe/dm . Flow velocity of dialysate and diffusate in the

dialyzer cells amounted to 5 ci/s and 15 c*/s, respectively.

Acidity, chloride ion and iron ion content in both dialysate and

diffusate were measured every 12 hours throughout the process.

Making use of these data, the concentration of sulphates was

determined and the following items were calculated:

1_. Hydrochloric acid flux (Jurl ), sulphuric acid flux (Ju „ )
2 4

and iron ion flux (J_ ) from dialysate to diffusate:

where AC ,- denotes ion concentration difference in diffusate
dr

3 3

(eq./dm ), V indicates diffusate volume (dm ), A represents total

transport surface (in ), and t is duration of the dialysis process

(h ).



2.. Recovery of hydrochloric acid t^uri ̂  ant* sulphuric acid

1: .
Sil vdl

whore AC ... is increment of acid concentration in diffusate fro« the
dr

onset of the process (eq.-'dm ), V f indicates diffusate volume

(dm ), C,. denotes initial acid concentration in dialysate

3 3
(eq./dm ), and V.. represents initial dialysate volume (dm ).

3_. Retention of iron ions (-q- ):

dl vdl
too,

where C ., indicates initial iron ion concentration in dialysatedl

(eq./dm ), V is initial dialysate volume (am ), AC , denotes

increment of iron ion concentration in diffusate from the onset of
i

the process (eq./dm ), and V,. represents diffusate volume (dm ).

RESULTS

The process was carried out in two technological systems

differing in the dialysate volume / diffusate volume ratio. It was

expected that system I (which had an approximately balanced volume

ratio, 4 da /6 dn ) would yield a comparatively high final concen-

tration of acid in the diffusate. System II (in which the diffusate

volume was 10 times as high as the dialysate volume, 4 dm /40 dm )

was believed to provide a high degree of acid recovery. It should be



noted that, in this systeu the concentration conditions in the

initial stage of the process are similar to those in a throughflow

systea.

Figures 3 and 4 show the dialytic recovery of hydrochloric acid

and sulphuric acid for V d l /Vdf - 4/6 and V d l /Vdf - 4/40,
o o o o

respectively. The efficiencies of iron ion retention by dialysis for

system I and system II are presented in Fig. 5 and Fig. 6,

respectively.

It is interesting to note that the acid flux across the meabrane

decreases with tiae. This phenomenon should be attributed to the

decreasing concentration gradient between dialysate and diffusate.

In system II (4/40), the decreaent of the concentration gradient is

comparatively slow - so the initial acid flux values are almost

twice as high as in systea I (4/6).

It is also the difference in the flux values between hydrochloric

acid and sulphuric acid that deserves particular attention. While

the initial concentration of sulphuric acid in the dialysate is over

nine times as high as that of hydrochloric acid, the sulphuric acid

flux in the initial stage of the process is only 2.3 times (system

I) and 2.7 times (system II) as high as the hydrochloric acid flux.

And this indicates that chloride ions have a much greater mobility

and they easier pass through the membrane than do sulphate ions,

thus contributing to a higher degree of hydrochloric acid recovery.

In system II, the recovery of hydrochloric acid amounted to 85%

after five days of dialysis, to reach 9354 following another five



days. Sulphuric acid recovery equaled only 40% and 53% after five

days and 10 days of the process, respectively. In system I, the

efficiency of recovery was 59% (viz. close to the aaxiaua value) and

29% after three days of dialysis for hydrochloric acid and sulphuric

acid, respectively.

Even though the acid recovery provided by system I is noticeably

lower than the one achieved in system II, it can be regarded as

relatively high. After three days of dialysis, hydrochloric acid

concentration in the diffusate aaounted to 9 g/da , whereas

sulphuric acid concentration reached 42 g/da , to increase to 64

g/dm after ten days of the process.

What deserves particular attention is the high separation

properties of SELEMION AMV membranes with respect to iron ions

(Figs. 5 and 6 ). Maximum iron ion flux does not exceed 7 x 10

eq./m h. Average flux values are less than half this value,

amounting to 0. 1-0.5% of the initial acid flux values in thQ

investigated systems. Thus, the retention of iron ions obtained in

the present study was very high: 98.6% and 99.2% for system I and

system II, respectively^ after ten days of dialysis.

CONCLUSIONS

1. Diffusion dialysis provides a satisfactory recovery of hydro-

chloric acid from spent etching baths. In system I, at a

dialysate volume / diffusate volume ratio of 4/6, the efficiency

of recovery amounted to 59% after three days of dialysis. In



system II, at a dialysate s difusate ratio of 4/40, the

efficiency of recovery reached 85% after five days of the

process.

2. Sulphuric acid recovery runs noticeably slower because of the

loner mobility of sulphate ions as compared to that of chloride

ions. After 10 days of the dialysis process, the efficiency of

recovery amounted to 45% and 53% in system I and system II,

respectively.

3. Iron ion. flux in the dialysis process accounts for only 0.1 to

0.5% of the initial acid fluxes. That is why the efficiency of

iron ion retention ranges as high as between 98.6 and 99.2% after

10 days of dialysis.
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CAPTIONS

Fig. 1. Mechanism of acid transport across an anion-exchange mem-

brano [ 1 ].

Fig. 2. Experimental setup for diffusion dialysis: 1 - anion-

exchange membrane, 2 - dialyzer, 3 - rotameters, 4

air accumulators, 5 - conductoieters, 6, 7 - feeding tanks

(dialysate and diffusate), 8 - plunger pump of NDA-50RS.

Fig. 3. Hydrochloric acid flux (A) and hydrochloric acid recovery

(C), as wall as sulphuric acid flux (B) and sulphuric acid

recovery CD), versus duration of dialysis (V . ^ *f ~ 4/6).

o o

Fig. 4. Hydrochloric acid flux (A) and hydrochloric acid recovery

CC), as well as sulphuric acid flux (B) and sulphuric acid

recovery ( D ), versus duration of dialysis (V /V
rif

 = 4/40)
o o

Fig. 5. Iron ion flux (A) and iron ion retention (B) versus duration

of dialysis (V,. /V,, - 4/6).dl dr
o o

Fig. 6. Iron ion flux (A) and iron ion retention (B) versus duration

of dialysis (V., /V., - 4/40).dl dr
o o
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THE CYANIDE EMISSION TO ATMOSPHERE DURING ITS ELECTROCHEMICAL

DESTRUCTION IN CONCENTRATED ELECTROLYTES
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Abstract

Trials evidence that when alkaline cyanide solutions are
subjected to electrochemical oxidation on anodes at temperature of
93 °C besides of cyanide destruction also cyanide emission to
atmosphere occurs. It was found. that some cyanide emission
proceeds when solution is heated without electrolysis and it
significantly increases when electrolysis is applied. Said cyanide
emission decreases : a) if NaCl is added to electrolyte; b) if
cyanide concentration in treated solution drops down; c) if
cyanide is complexed e.g. by nickel. The conclusion is drawn that
exhaust gases from cyanide destruction cell prior to rejecting to
atmosphere should be treated e.g. by NaOCl solution to destruct
cyanide evolved in a gaseous phase.

Introduction

Solutions used in metal finishing processes contain substances

of great toxicity to environment (cyanides, heavy metals) applied

in great concentrations (in many cases exceeding 10 '/•). High con-

sumption of water mainly used for rinsing, results in significant

amount of waste solutions produced.

Due to waste treatment the secondary liquid, solid and gaseous

waste products are generated. The problem with waste waters

detoxication seems to be solved effectively : cyanide and heavy

metals can be successfully destroyed or removed to comply with

accepted levels. More troublesome are sludges with heavy metal

hydroxides, however significant advance already have been made. In

turn the problem with waste gases is generally neglected : gases

are exhausted directly into atmosphere without any det.oxicat ion.



If to make short supervision of wast* treatment methods used in

metal finishing it should be noticed, that gr»at water consumption

was effectively limited mainly by using the Lancy integrated

method of electroplated elements rinsing in solutions with added

chemicals ~ and by final rinsing in water which recirculates in

a closed-loop system. Such measures can limit the amount of waste

solutions by approximately 80 *A. The waste treatment methods used

in electroplating processes comprising such simple methods as

sedimentation, evaporation or ion exchange omitting more sophisti-
14

cated resolutions such as reversed osmosis or electrodialysis

allows to result in sufficient purification of waste solutions to

meet the accepted levels.

The problem with mixed metal hydroxide sediments produced

according to widely used technology is resolved in different ways.

The mixed sludge contains hydroxides, phosphates or carbonates of

metals used in electroplating i.e.: Fe. Cu. Ni, Zn, Cr, Cd and

sometimes Mg (if used in solutions) and Ca <if C?(0H)p is

applied). When cyanide electrolytes are used - very often sai.d

sludge contains cyanide residues not destroyed during waste

treatment . The substantial difficulty with utilization of sludge

follows from its toxicity to environment. It can not be deposited

on generally available refuse disposal sites. In Poland said

sludge is usually stored in plastic bags or in tanks within the

plant area. There are also proposals to store mixed sludge in huge

"bags" made of high density polyethylene (PEHD), sealed after

filling it with sludge and burried in natural terrain cavities or

artificial h-'lows. Such sites can be additionally covered with

layer of ground and recultivated. Some other ideas are concerned

with resolving of mixed sludge problem e. g. by adding sludge :

a/ to clinker in cement production ,

b/ to cement in concrete making *,

c/ to clay for ceramic aggregate production

d/ to clay for roofing-tila fabrication^ .

es to clay for brick and constructional ceramic fixtures
25

production ,

fy to road asphalt'?6~'?8.



Many other proposals are known whieh ar» concerned with sludge

utilization based on its conversion into a form indifferent to

environment by making it insoluble (e.g. by roasting with various
22 26

ingredients) or by binding it in bituminous materials .

plastics (as filling material) , in sound-proof paste for cars

etc.

The above methods with exception of points c and d, where

product quality increase is reported, all said resolutions intend

to eliminate sludge problem through isolating it from environment

or to put it by until future when the better utilization methods

will be invented.

L.G. Twidwell reports ~ , that metal values recovery from

mixed sludge is possible and even economically grounded, when 50

tons of sludge per day is subject to treatment. However the

investment costs of such method are high and for the present

rather not suitable for such countries as Poland and probably for

many others.

It s»ems, that the proper way in resolving problem of sludge is

substantial modification of waste treatment in electrolpating

technology. First of all waste solutions should be treated indivi-

dually to prevent mixed sludge formation. Such method complicates

the waste treatment technology,, but allows in some instances to

apply recycling directly in the plant or to obtain sludges of

particular kind suitable for pyrometallurgy processing. In other

cases the specialized workshops should be engaged in recovering of

metal values from spent but unmixed concentrated electrolytes.

The third environment pollution source in electroplating

practice are gases evolved in metal finishing or waste treatment

processes. The evolution of toxic gases (e.g. from cyanide baths)

when electroplating is performed in solutions at temperatures not

exceeding 40 C is limited and electrolyser tanks are usually

connected directly to ventilation hoods. Similarly during cyanide

waste solutions treatment with NaOCl, high pH of solutions (pH

10-11) prevents in CNC1 gas emission. In such cases direct

rejection of gases < c 0
2*

 N2 * int-° atmosphere seems to be

acceptable.



However cyanide destruction in spent concentrated cyanide

solutions is often performed by electrochemical oxidizing

method" . The method is preferred due to lower cost and savings

in reagents and water used otherwise for dilution. Cases evolved

during electrochemical cyanide destruction (performed preferably

at temperature of 93°C) are generally exhausted to atmosphere

without any treatment. Our initial investigations evidenced that

in such electrolysis performed with stainless steel electrodes

some amount of cyanide (probably cyanogen) is emitted

Exper i mental

The investigations were undertaken to determine the cyanide

emission with gases evolved during electrolysis when it is

undertaken to destroy cyanide in spent electroplating baths.

For the first trial the brass-electroplating solution was taken

with cyanide concentration of 27.875 gXL. The solution was placed

into a flask connected with absorption washers in such a way that

tap-water suction pump mounted after the washers resulted in air

bubbling through narrow glass tube inserted into cyanide solution

(Fig. 1. ). Air passing through it transported the evolved gas to

Fig. 1. Device for cyanide destruction by heating (with cyanide-

gas absorbers) : 1- heating flask. 2- reflux condenser,

3- absorption washers, 4- suction pump flask, 5- heater,

6- air inlet tube



the washers with NaQH solution where cyanide was absorbed. NaOH

solution after trial was subject to cyanide analysis by

colorimetric method at X. 578 nm with chloramine T and barbituric
37

acid solution in pyridine

In the first trial the flask with 0.5 L of said cyanide

solution was heated at temperature of 93°C during 2 hours without

electrolysis. In such case 0.31 g of evolved cyanide was found in

absorption washer, while the concentration of CN in treated

solution after 2 hours of heating amounted to 26.167 g CN/L. This

experiment evidenced, that even without electrolysis the alkaline

cyanide solution when heated to 93 C and blown through with air -

evolves significant amount of CN to atmosphere.

In the second trial two steel electrodes were mounted in the

flask (Fig. 2. ) and besides of two-hours heating electrolysis was

3

Fig, 2. Cyanide destruction cell with cyanide-gas absorbers :

1- flask, a- electrodes, 3- thermometer, 4,5- CN absorption
washers, 6- air inlet tube, 7- heater, 8- suction pump flask



effected with passing electric charge of 3 Ah. In such case 1

g of evolved cyanide occured to be absorbed in washers and cyanide

concentration in electrolyte decreased to 20.65 g CNML.

To determine the temperature influence upon cyanide gas

emission during electrolysis, it was performed at some temperature

values until charge of approximately 5 Ah was passed (flask was

thermostated during electrolysis). The results obtained with

various electrolytes within temperature range of 20-70°C are shown

in Table 1.

Table 1.

Cyanide destruction and cyanogen emission during electrolysis

in various cyanide solutions depending on temperature.

Initial

concentra-

tion of CN

(mg/L)

NaCN :

12500

12500

15310

15310

13500

1500

Ni<CN)^~ :
4

18125

Temperature

thermostated

<°C)

20

49

70

70

70

50-70

70

Ah

5.0

fa. 0

5. 1

5. 0

5.05

5.28

5. 0

Concentration

of CN after

electrolysis

(mg/L)

8656. 25

11225.25

8437.5

12375.0

12162.5

341. 25

17465.28

CN emitted and

absorbed in

NaOH solution

<mg)

4. 18

41 . 27

111.45

141. 3

281.15

64. 65

16. 32

As it can be noticed cyanide emission depends on temperature.

on initial concentration of cyanide and on its species. Cyanide

completed with nickel is emitted with exhaust gases in a lesser

degree.

Second series of trials were perfomed with spent ENSTRIP

solution (used for spoiled nickel deposit remove) of the following

compos'tion :

CN~ 20.75 g/L



Ni 4.13

N*OH 50,0

The electrolysis at 93°C was conducted with DC current of

2.0-1.5 A. The results obtained in a function of time are

collected in Table 2.

Table 2.

Cyanide destruction by electrolysis (anodic oxidation)

Time of

electro-
lysis

<h>

0

3

6

S

12

13

16

19

22

25

28

34

Electric

charge
passed

<Ah>

0

5.95

n.es
17,51

23. 80

24.39

30.95

33.84

36.55

39. 45

41.77

48.03

Cyanide

concen-
tration

(g^L)

20.730

13.625

8.087

4.530

3.160

2.740

1.950

1. 750

1.700

1.562

1. 302

0. 479

Cyanide

amount
in flask

<g>

8.300

5.450

3.335

1.812

1. £04

1.096

0.780

0.700

0.680

0.625

O.545

0. 192

Cyanide emission

absorbed in
< single step)

< mg>

0

62. 39

19. 00

5.538

1, 171

0. 411

0.243

0. 219

0. 136

0. 130

0. 133

0. 189

washers
< in total)

(mg)

0

62. 39

81.39

86.93

88. 10

88.51

88, 76

88. 98

89. 12

89. £4

89. 38

89, 57

to

in

As it follows, during 34 hours of electrolysis (48 Ah passed),

nearly 90 mg of CN was evolved to atmosphere from 0.5 L of

alkaline cyanide solution (during first 3 hours - 62 mg).

The next series of trials were conducted with NaCl added

ENSTRIP solution, as sometimes such addition is practicized

order tc intensify the cyanide destruction process.

The ENSTRIP solution contained :

CN~ 20.01 g/L

Ni 3.65 g/L

NaCl 76. 0 g/L

NaOH 44.25



The electrolysis parameters were similar i.e. temperature of

93°C and current a.0-1.S A. The results gathered in Table 3.

Table 3.

Cyanide destruction by electrolysis in a presence of NaCl (76 g/L)

Time of

electro-
lysis

<h>

0

a. 5

5

8

11

14

17

ao
33

Electric

charge
passed

(Ah)

0

S. 23

9. 82

12.80

15.05

17.94

20.63

33.83

37.43

Cyanide

concen-
tration

(g-^L)

30.010

13. 750

8.334

4.850

3.014

3.625

3.269

1. 310

1.039

Cyanide

amount
in flask

<g>

8.004

5.500

3.393

1.940

1. 445

1.050

0.907

0.534

0.415

Cyanide emission

absorbed in
( sii.gle step)

< mg)

0

26. 53

9. 473

1. 991

0.536

0.508

0. 493

0. 601

0.504

washers
(in total)

< mg)

0

26.53

36.00

37.99

38.56

39.07

39.56

40. 16

40.66

o CN

0
25 30 3515 20

t[h]
Fig. 3. Cyanide concentration decrease during electrolysis

8



demonstrate ;hat cyan id* destruction proceeds faster than without

chloride ions and cyanide emission is ©f lesser value.

The results of the both series of trials are shown in Fiy. 3.

(cyanide destruction) and Fig. 4, (cyanide emission).

70

eo

50

40

30

SO

10 f-

emisja ON [mj]

\

10 IS 20
t[h]

25 30 35

Fig. 4. Cyanide emission decrease during electrolysis

Conclusions

On the ground of the bench investigations it was proved, that

electrolyticai destroyment of cyanide results in cyanide emission

to atmosphere.

Having in mind that electrochemical cyanide destruction process

m metal finishing works can be performed in tanks of 100 or 200 L

volume and it proceeds during several days - the amount of cyanide

pollutant rejected to atmosphere by emission should not be

neglected.

If to suppose that such emission is proportional to treated



*l*etpoiyt* volum* <ov*restimation is not excluded), then on the

base of results shown in Table 2 - it can be calculated that the

electrolysis of 200 L of cyanid* solution should evolve during

first 3 hours approximately 36 g of cyanide exhausted to

atmosphere (12 g CN/h),

According to Polish Regulations the cyanide concentration in

atmosphere is allowed at the level of 20 lug^m (during 30

minutes). To mee\ such level the exhaust fan should be of the

output minimum 600.000 m /h or in case of added NaCl (emission of

4.3 CN/h) - output of fan should amount approximately to 220.000

m ^h. Even more dramatic conditions could be expected if to

account that cyanide destruction cells are sometimes produced
35

greater than considered in the above examples and amount to
3

1.125. 2.25 and 4.5 m . Becausethere were no reports about

poisening of the staff which operates the cyanide destruction

cells, it can be concluded that either cyanide emission is not

linearly proportional to the volume of solution subject to
it

electrolysis or ventilating fan was of sufficient output/ .

Nevertheless it seems that more reasonable steps should be

undertaken to meet Regulations requirements than to mount the

powerful fans. The conclusion should be drawn, that exhaust gases

from cyanide-destruction cells prior to rejecting to atmosphere

should be detoxicated by washing them with appropriate

reagentse. g. with alkaline NaOCl solution. The absorption of

cyanide in such solution is effective and exhaust gases after said

treatment occured to be free of cyanide. Undoubtedly it would be

better resolution for environment than pure? ventilating.

Investigations are continued.

10
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ABSTRACT

The separation efficiency of two extraction methods was
evaluated in percentage terms with respect to the results
obtained by mineralization (reference); this efficiency was
found to be higher for the deeper soil horizons than for
horizons near the surface indicating that in deeper horizons,
Pb and Cd are tied to the soil weeker bonds. The extraction
recovery did not improve significantly if the extraction time
was extended from 1 hr to 3 hrs.

INTRODUCTION

In the geochemical cycle of some toxic metals, soil plays
9 significant dual role. On the one hand, it is capable of
binding a significant amount of ions migrating throuht the
profile thus preventing further dispersal of pollution into
underground and surface waters. On the other hand, this implies
accumulation, which may - in areas of a steady input of the
particular element - result in toxicity of some soil horizon(s).
In order to be able to foresee the occurrence, in space and
time, of such a "saturation", it is necessary to become familiar
with the nature of the sorption complex; this problem has been
the object of many years'study. Clay minerals, hydrated oxides
of iron and manganese, and soil organic matter are known to be
the main counterparts in the sorption of heavy metals.

* Reprints
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The linking of various metals to the individual components

of the soils can be studied in a number of ways. Among them is

the experimental investigation of sorption on the isolated com-

ponents (e.g., on clay minerals, peat, hydrated oxides ets.)

(1, 2, 3), however, owing to the complexity of the

soils, the results thus obtained should be regarded as tentative.

Another method commonly used is mathematical modelling based on

equilibrium constatnts. This approach, however, is rather

speculative if the treatment does not rely on a firm experimen-

tal basis (4). The third approach consists in the desorption

of metals by means of selective extraction agents. Although

these agents and their combinations have been studied exten-

sively (5, 6), the results are still inconclusive.

As part of a wider research projuct concerned with the

lead transport through a grass ecosystem near a massive pollution

source (7), this work was aimed at the examination of the lead

concentration gradient across the soil profile and the evolution

of the changes in the sorption counterpart with increasing soil

horizon depth; extraction with various extractants was used for

this purpose. The methodical question of a proper extraction

time was examined in parallely. The concentration of cadmium,

which is an element often accompanying lead, was measured

parallely, although, in the given locality, the Cd level in

fallout was two orders of magnitude below the Pb level. Another

independent motive for this study was to obtain a body of control

data by the independent analytical method of stripping voltammetry,

MATERIALS ANO METHODS

The sampling site was situated about 300 m SSE from the

main stack of a lead raprocessing smelter near the town Pfibram,

Central Bohemia, Czechoslovakia. Four mixed samples were formed

from three profiles 0-10, 10-20, 20-30 and 30-40 cm beneath the

surface. The soil samples were dried, sieved (mesh size 2 mm)

and thoroughly homogenized. Lead and cadmium were mobilized

using three independent methods.
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(i) Acid digestion (mineralization) in boiling nitric and

perchloric acids,
(ii) Extraction with 0.1 MHCL, 1 g of sample per 50 ml of

solution was agitated on a shaking machine for 1, 2 and

3 hrs.
(iii) Extraction with 1 M solution of ammonium acetate under

similar conditions.

The analyses were carried out by anodic stripping volta-

metry (ASV). The stripping potential was 1300 mV, the measuring

time varied from 5 to 10 minutes. Even with the high sensitivity

of ASV (the theoretical detection limit for Pb and Cd is 10'9

mol.l ), the blank concentrations were undetectable owing to

the high purity of the chemicals used (e.g., HC1 supplied by

Merck).

All extractions and mineralizations were repeated three
times, the analyses five timss.

RESULTS ANO DISCUSSION

The amounts of lead and cadmium reclaimed from the soil
samples by the three methods are given in Table 1. Roughly the
same amounts were found in horizons of 0-10 and 10-20 cm, in
deeper layers the amounts are substantially lower. It is clear
that the organic variety of the soil, together with the roots
and stolons of Agropyron repens (the highest horizon was densely
interwoven with them) which seem to stimulate metal cumulation
in their vicinity (see discussion on rhizospheric soil (/),
is sufficient for retaining a substantial portion of the toxic
heavy metals even in the vicinity of a strong pollution source
(8).

It is interesting that although the first layer (0-10 cm)

retains about one-half of the incoming (or, more precisely, the

total retained) metals, the amount retained by the second

C10-20 cm) layer is considerably higher than one-half with res-

pect to that retained by the first layer, particularly for

cadmium. There can be two reasons for this: either the affinity
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of the second layer for the metals is higher, or the affinities

are the same but saturation effects play a role. If the former

alternative were true, the fractions of the metals extracted

with HC1 or acetate, with respect to those reclaimed by minera-

lization, would be lower for the second layer as compared with

the first. The fact that this is not the case seems to support

the latter alternative.

The two extraction procedures - using dilute HC1 and ammo-

nium acetate as extractants - are considerably less efficient

than the mineralization method which is assumed to mobilize at

least 90 •* of total lead and cadmium (9). It is noticeable

that the efficiency increases towards deeper layers, which indicates

that in deeper layers the heavy metals are bound by weaker bonds

than in layers near the surface; the binding counterparts are

clay minerals and hydrated oxides (10, 11) whereas in the

upper layers at least 50 % of the metals is bound to organices.

Whereas the amount extracted from the upper layers with

ammonium acetate with respect to mineralization procedure was

only 7 - 8 ?* for lead, for cadmium this fraction was as high

as 29 'i. If the acetate-extractable fraction can be approxi-

mately identifiedwith the fraction available to plants (12),

then cadmium is considerably better available to plants than

lead. This is in agreement with published data (13).

Fig. 1 portrays the amounts of lead extracted with dilute

HC1 for various soil horizons and for extraction times of 1, 2

and 3 hrs. It is clear that the increase in the recovery

achieved by extending the time from 1 hr to 3 hrs is insigni-

ficant.
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Table 1. Soil lead and cadmium Ong.kg" ) mobilited by mineralization (mined.) and by

extraction with 0.1 M HC1 (HC1), and ammonium acetate (Ac). The values in parentheses

are the fractions extracted with respect to the amounts reclaimed by mineralization.

Depth of Soil

(cm)

0 - 1 0

10 - 20

20 - 30

30 - 40

Pb

mined.

4310

(100)

3265

(100)

232

(100)

131

(100)

HC1

2190

(43.1)

1125

(34.5)

265

(114.2)

100

(76.3)

Ac

318

(7.4)

240

(7.3)

34

(14.6)

4

(3)

Cd

mined.

15.7

(100)

14

(100)

3

(100)

HC1

7.5

(47.6)

7.5

(53.6)

2

(67)

Ac

4.5

(28.7)

4.1

(29.3)

1.4

(47)



. 1 A m o u n t s o f l e a d a n d c a d m i u m e x t r a c t e d w i t h 0 . 1 M H C l
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ABSTRACT

The need for effective treatment technologies is expanding as increasingly stringent
environmental regulations are being enacted by the industrialized nations. Electron beam
irradiation is proving to be an effective method for removing toxic organic compounds from
dilute aqueous waste streams. The removal results from the action of highly reactive species
( OH , eaq, H- ) generated when high energy electrons penetrate water. The process is
effective against mixtures of organic compounds such as those found in industrial
wastewaters and contaminated groundwaters.

Experiments have been conducted at the Electron Beam Research Facility (EBRF) located
at the Miami Dade Central District Waste Treatment Plant in Miami, Florida. The EBRF
houses a 1.5 MeV, 50 mA electron accelerator which delivers doses up to 800 krads and
utilises an insulated core transformer (ICT) power supply. Potable water, chlorinated
secondary wastewater, and sludge (2-8% solids) influent lines can be connected to the
system and the influent stream irradiated at flows up to 520 liters per minute (140 gpm).
Selected toxic organics can be injected into a chosen influent stream and irradiated at
different doses. Batch experiments using 23,000 liter (6000 gallon) tank trucks can also be
performed. The compounds to be studied can either be injected into the wastewater as it
is pumped from the tank truck or added directly to the water in the tank truck along with
other material such as soil. This allows the simulation of a wide variety of wastewaters and
sludges.

Many regulated hazardous compounds commonly found in industrial wastewatcrs and
contaminated groundwaters have been studied. Removal efficiencies have been determined
for various halogenated methanes, ethanes, ethenes and propanes, phenols, and polynuclcar
aromatic compounds. This paper will present representative removal data on these and
other compounds in various simulated wastewatcrs and results from recent continuous
rccirculation experiments.



1. INTRODUCTION

The need for effective treatment technologies is expanding as increasingly stringent
environmental regulations are being enacted by the industrialized nations. Hazardous
compounds are of concern because they are commonly found in groundwater in many areas
of the world. In many cases the contamination consists of organic compounds originating
from industrial process wastcwater. The contaminants of interest in this paper are organic
compounds (e.g. pesticides, solvents, PCB's, phenols), many of which may persist for
considerable periods in the subsurface environment. Because of the recalcitrant nature of
many of the chemicals, it is of interest to develop processes which will effectively and
efficiently remove these compounds from aqueous solutions. Although electron beam
technology has been described in detail elsewhere [1], this paper will present a brief
overview of the technology, summarize the results of our past experiments and present new
data which extends the potential range of application of the process.

1.1 Electron Beam Irradiation

Electron beam irradiation is a surface chemical treatment method capable of both
chemical oxidation (using the hydroxi radical O H ) and reduction (using the aqueous
electron e'aq) reactions. These reactive species are produced when high energy electrons
from a beam strike water molecules. These electrons interact with the water in less than
10"i: seconds to produce electrons of lower and lower energy. Eventually a large number
of slow electrons is produced and these electrons interact with molecules to produce excited
states of these molecules, positive ions and solvated electrons.

High energy electrons for industrial applications are generally produced by electron
accelerators. In these machines a current is used to produce a stream of electrons which are
accelerated by applying an electric field generated at a given voltage. The applied voltage
determines the speed and thus the energy of the accelerated electrons. The amount of
energy from the high energy electron beam that is absorbed by an irradiated material per
unit mass is called dose. The common unit of dose is the rad, defined as the energy
absorption of 100 ergs per gram of material.

1.2 Radiation Chemistry of Natural Waters

The radiation chemistry of water forms the basis for the application of high energy
electron irradiation to the treatment of toxic and hazardous organic wastes in natural waters.
The radiolosis of water has been described extensively in the literature [2]. However, the
literature most often reports experiments conducted in pure water. The extrapolation of
pure water data to natural waters is complicated by the presence of inorganic and organic
matter (primarily humic substances) found in natural waters because these compounds may
interact with the reactive species formed during irradiation and lead to side reactions not
observed in pure water.



1.2.1 Radiolysis of Water.

High-energy electron irradiation of pure water results in the formation of
electronically excited states, ions and/or free radicals along the path of the electron. 10'7

sec after the electron has passed through a solution the products that are present are shown
in Equation 1 :

H2O - W H 2 . 7 ] OH-+ [2.6] e" + [0.6] H-
+ [0.7]H2O2+[2.6] H3O* + [0.45] H2 [1]

The efficiency of conversion of a high energy electron, ionizing radiation, to a chemical
process is defined as G (shown in brackets in Equation 1). G is the number of radicals,
excited states or other products, formed or lost in a system absorbing 100 eV of energy. Of
the products formed in Equation 1, the most reactive are the oxidizing, hydroxyl radical
(OH*), and the reducing, aqueous electron (c' ) and hydrogen radical (H) . Thus, the
chemistry of primary interest in the high energy electron irradiation process is that of these
three species.

The reactions of the aqueous electron, e'^, with specific organic and inorganic
compounds involve single electron transfer. The c* reacts with numerous organic
chemicals, and of particular interest to the field of toxic and hazardous wastes are the
reactions with halogenated compounds. The hydrogen atom, H -, accounts for approximately
10% of the total free radical concentration in irradiated water and undergoes two general
types of reactions with organic compounds, hydrogen addition and hydrogen abstraction.
Reactions of the hydroxyl radical, OH, include addition, hydrogen abstraction, electron
transfer, and radical-radical recombination.

In addition, significant concentrations of hydrogen peroxide are also produced. The
reaction that results in the formation of most of the H2O2 is the radical-radical
recombination involving OH. A second source of H2O2 in oxygenated aqueous solutions
is the reactions of e'^ and H with O2.

In summary, approximately equal concentrations of reducing species, e"aq and H and
the oxidizing specie OH- are formed at the same time in solution. This allows for the
simultaneous treatment of complex mixtures of hazardous chemicals, e.g. halogcnatcd
aliphatic and non-haiogenated aromatic compounds. The concentration of the transient
reactive species in irradiated aqueous solutions will be proportional to their G values and
the radiation dose absorbed by the water. However, the G values given previously have
been developed under laboratory*, conditions in pure water and for limited solute
concentrations. Therefore, when natural waters are irradiated it is not yet possible to
predict the exact concentration of the reactive species.

1.2.2 Radical Scavenger Effects.

An important consideration in extending laboratory data to natural waters is the
effect of naturally occurring radical scavengers. Some of the more practically significant
compounds are:



Oxygen. Both e'*, and H- rapidly reduce O2 to form O2' (pK4 = 4.8) with second
order rate constants of i.9 x 1010 and 2.1 x 1010 M*1 s*\ respectively. Using a dissolved
oxygen concentration of 3.7 mg L'1 (0.12 mM). At a dose of 100 krads this O ; concentration
would remove approximately 35% of the two reactive species. However, at 800 krads only
5% would be removed.

Bicarbonate/Carbonate Ion. A common OH- scavenger in natural waters is
alkalinity. Based on pH and equilibrium calculations the carbonate/bicarbonate ion
distribution can be quite different in waters requiring treatment. The second order rate
constants are 8.5 x 106 M"Vl and 3.9 x 10* M*Vl, respectively. The reaction of the
carbonate radical ion, CO3"-, is not known for many solutes and therefore this process is
considered as a loss of reactive species with no removal of solute. It is possible that the
removal efficiency would be effected by the presence of this radical and further studies are
necessary to determine the effects.

Nitrate Ion. Nitrate ton (NO31*) in wastcwatcr may affect solute removal efficiency
by acting as an c ' ^ scavenger. By efficiently scavenging e*(aq) the effective concentration
of the OH- may be increased by minimizing the e'^j and OH- reaction. The second order
rate constant is 9.7 x 109 M'V1.

Dissolved Organic Carbon. Another common component in natural waters is the ill-
defined fraction referred to as dissolved organic carbon, DOC. There is no data on the
reactions of either e"aq or H with DOC and only indirect evidence of the reaction with
OH with DOC.

Methanol. An experimental artifact for much of our previous data resulted from the
need to use methanol as a carrier of the organic solutes of interest. Based on the ratio of
the injection pump flow rate to the aqueous stream flow rate, the concentration of methanol
for ail experiments was approximately 3.3 mM. Methanol reacts with OH -, and to a lesser
extent with H-, in aqueous solution with second order reaction rate constants of 9.7 x 10's

and 2.6 x 106 M'V1, respectively. Therefore, the previously reported removal efficiencies
of the solutes aie probably underestimated.

1.3 Irradiation of Toxic Organics.

Considerable laboratory scale research utilizing gamma radiation sources e.g. Cobalt"0

has been performed over the last two decades [3]. Various pesticides, chlorophenols. and
PCB's have been shown to be completely decomposed at doses ranging from several
hundred kiiorads to several thousand kilorads. The decomposition of phenol was found to
depend on dose rate, and the presence of oxygen and/or ozone. Work has also been done
on surfactants, synthetic dyes, and landfill leachates with good results. More recent work
with TCE and PCE by Gehringer and others [4,5] demonstrates the effectiveness of
radiation ir destroying these compounds.

Research done at the full scale Miami Electron Beam Research Facility which wars
supported by the National Science Foundation and the USEPA has provided further support
!or the effectiveness of the technology at the pilot/full scale level (<)-9). Recent



have focused on establishing the relationship between electron beam dose and the
destruction of various hazardous organic compounds.

A summ&iy of the removal percentages for most organic compounds that we have
investigated to date is presented previously in Table 1 [6]. Although experiments were run
with varying water qualities (potable water, chlorinated secondary, and raw wastewater) and
initial concentrations, the data presented in Table 1 were primarily obtained using
chlorinated secondary wastewater and initial concentrations of organics in the range of 100
Mg L'1 to 500 fig V1. As can be seen, doses of 50 to 800 kilorads can effectively remove
most of the compounds studied. These experiments have shown that removal depends on
both initial concentration and water quality, the water quality effect most likely due to
differences in radical scavenger concentrations. To date we have not identified significant
quantities of reaction by-products (e.g., sub-uM concentrations of aldehydes) when
destruction of the parent compound is near complete. When complete destruction does
occur the compounds are reduced to CO2, H2O and salts. In most cases even when removal
of the parent compound is much less than 99.99%, the portion that is removed is destroyed
completely. That is, there are no significant peaks on the gas chromatograph except that
of the parent compound.



Table 3. Summary of Preliminary Electron Beam Removals of Various Organic
Compounds by Treatment Application Area.

PERCENT REQUIRED
COMPOUND REMOVAL DOSE(Krads)

DRINKINGWATER

Chloroform
Bromodichloromethane
Dibromochloromethane
Bromoform

EWATER/GROUNDWATER

Carbon Tetrachloride
Trichloroethylene (TCE)
Tetrachlorethylene (PCE)
trans- 1,2-dichloroethene
1,1-dichloroethene
1,2-dichioroethane
hexachloroethane
1,1,1-trichlorocthane
1,1,2,2-tetrachloroe thane
Methylene Chloride

INDWATER TREATMENT

Benzene
Toluene
Chlorobenzene
Ethylbenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
m-Xylene /
o-Xylene
Dieidrin
Total Phenol

83%
>99
>99
>99

. TREATMENT

>99
>99
>99
93

>99
60

>99
89
88
77

>99
97
97
92
88
86
84
91
92

>99
88

650
80
80
80

80
500
500
800
800
800
800
650
650
800

650
650
650
650
650
650
650
650
650
800
800



Current experiments are focusing on higher solute concentrations, radical
scavnging effects and reaction by-product identification. For example, approximately
97% removal of benzene at an initial concentration of 25mgLl has recently been
obtained. The balance of this paper will present preliminary results from planned
experiments with TCE and phenol.

2. EXPERIMENTAL

2.1 The Electron Beam Research Facility (EBRF).

Wastewater streams at the Miami EBRF are presented to a scanned l.S MeV,
50ma beam in a falling stream approximately 48" wide and 0.15" thick. This stream is
produced by a 120 gpm flow over a 50" wide weir. Since the maximum penetration in
water is approximately 0.29" for 1.5 MeV electrons, some electrons pass through the
stream and thus not all of the beam energy is transfered to the water. With the addition
of overscanning the waste stream to insure that the edges of the stream are irradiated,
more energy is lost with the result that the efficiency of energy transfer is approximately
60%. Thus when the electron beam is operating at 50 ma (75 KW) the waste stream is
receiving an average dose of approximately 800 kilorads. Varying the beam current and
holding the flow constant changes the absorbed dose in a linear fashion, allowing for
experimentation at doses lower than 800 kilorads. Detailed descriptions of the EBRF
are given elsewhwere [1].

2.2 Experimental Design.

The major thrust of our experiments is to determine the effect of various
experimental variables on the relationship between electron beam dose and destruction
of the target compounds. The measured response variable for full scale experiments is
the change in concentration between flow into and the flow out of the electron beam. In
a typical experiment chemicals are injected into the influent stream at controlled rates or
dissolved in a tank truck of water, and samples taken before and after the waste stream
passes through the beam. The absorbed dose is varied by changing the beam current
and the order of the current settings randomized to average out any systematic variation
which might be present from variables not being specifically controlled. The experiments
arc conducted as completely randomized factorial experiments when ever possible. In
many circumstances, however, there arc restrictions on randomization which generate
blocked designs such as the split plot.

2.3 Analytical Methods

Most water quality analyses are performed at the Drinking Water Research
Center located at Florida International University. All chemicals used arc reagent grade
or better.

Analysis for Haloeenated Aliphatic Compounds.



Gas Chromatograph. A Model 5890 Hewlett-Packard gas chromatograph
with a 7673A liquid-liquid extraction autosampler is used. A 30 m x 0.S39 mm DB-624
column (J&W Scientific) and electron capture detector is employed for analysis. Helium
carrier gas is supplied at 6 mL min,'1 and nitrogen make-up gas at 40 mL min"J. The
injector was maintained at 200°C, detector at 250°C, and the column oven programmed
from 30°C (held 1 min) to 100°C (60Omin, 2 min hold) to 170°C (20°C/min, 5 min
hold). The chromatographic signal is processed via a HP 3392A integrator (Hewlett-
Packard).

Standard Solutions. Stock solutions of halogenated methanes and/or
ethanes, ethylenes, and the internal standard (IS), 1,1,2-trichloroethane, are prepared in
methanol at Mg L 1 levels (9.9 • 10.1) by volumetric dilution. Working standards are
prepared by diluting aliquots of the stock solutions with methanol to achieve solutions of
the desired concentration.

Liquid-liquid Extraction Procedure. In order to determine the precision,
accuracy, and detection limits of the various compounds, purged distilled water (PDW)
will be spiked with standard solution and analyzed. The extraction vials are 47 mL screw
cap vials with 22 mm TFE backed siiicone septum. A 5-mL Pipctman (Rainin) is used
to remove 5 mL of the sample from the vial and 3.0 mL of pentane is immediately
added and sealed. The 2.0 mL headspace allows the solvent and sample to mix
thoroughly, which is required for effective extraction. The IS is then injected into the
sample vial, and the vial is agitated for 3 min at 300 rpm. A model G-2 Gyrotary Shaker
(New Brunswick Scientific) has been adapted to accommodate eight horizontally
mounted extractions vials. The pentane layer is allowed to separate from the water and
then transferred to 2.0-mL amber crimp top autosampler vials (Sun Brokers, Inc.). The
vials are loaded onto the autosampler and 2.0 juL of the pentane layer is injected into
the gas chromatograph.

Method for Trace Phenol Analyses

A derivatizing reagent, diazotized sulfanilic acid (DSA), is prepared by mixing 5
ml of 55 mM sulfanilic acid with 1 mL 4.8 M HCl. Next, S mL of SO mM sodium nitrite
are added slowly to sulfanilic acid, keeping the mixture cold in an ice bath. After
preparation, the DSA solution is stable for at least 6 hours if kept on ice and protected
from light. The phenols of trace amount are added with DSA (0.S mL DSA to 10 mL
aqueous solution) and followed by adding SO L 6N NaOH. The derivatization reactions
take place in the darkness for IS minutes to completion. After IS minutes, SO L 2 N
HC1 are added to stabilized excess.DSA and the DSA-phenol derivatives of light yellow
color. Thus, 20 mL DSA-phenol derivative solutions are passed through phenyl solid-
phase extraction columns (3 mL, J.T. Baker Inc.) and the derivatives are extracted from
aqueous solutions. The phenols from 20 mL solutions can be eluted by three times of
0.33-mL rinses of HPLC grade methano, resulting in 20-fold concentration factor.

Methanol eJutes (25 L) from the solid phase columns arc injected onto our



Hewlett-Packard 1090 high performance liquid chromatography (HPLC) consisting of a
Hypersil 5 micron reverse phase C column (2.1 mn x 100 mm i.d.) and a 1040 diod-
array UV/Vis detection system (DAD). A two solvent gradient elution is used: (A) 10
mM KH PO buffer with TBAOH (tetrabutylammonium hydroxide, 2.S mM); (B) 100%
methanol. The gradient elution starts from 75% A and 25% B and is held isocratic for 2
minutes; and then 25% B to 50% B within 5 minutes and held isocratic again for 8
minutes; and 50% B to 80% B within 15 minutes, followed by 100% B for 3 minutes to
rinse the column and a linear gradient back to 75% A and 25% B in 3 minutes before
the next injection. The flow rate is maintained at 03 mL/minute and temperature of the
column is controlled at 40 C throughout. Detection wavelength is at 370 nm and under
these conditions detection limit for phenol is at 0.1 ppb level.

Method for Phenols of High Concentrations

The Hewlett-Packard HPLC is used for direct determinations of phenols in
aqueous solutions, but without pre-column derivatization reactions and solid-phase
extraction procedures. A two solvent gradient elution is used: (A) 1% acetic acid; (B)
100% methanol. The gradient elution starts from 100% A and is held isocratically for 4
minutes; and then to 50% B within 11 minutes; and to 100% B within 5 minutes,
followed by 100% B for 3 minutes to rinse the column and a linear gradient back to
100% A in 2 minutes before the next injection. The flow rate is maintained at 0.3
mL/minute and temperature of the column is controlled at 40 C throughout. Detection
wavelength is at 278 nm and under these conditions detection limit for phenol is at 1
ppm level.

3. RESULTS

The results presented in this section were obtained from recent experiments run
to obtain scoping data to use in designing full experimental protocols for the study of
TCE and phenol. This research is supported by the USEPA SITE program and is
intended to examine the effects of widely varying initial concentrations, alkalinity, and
the presence of solids in the waste stream on the removal efficiency of selected
compunds.

ICE

The preliminary TCE experiments involved dissolving TCE in 6000 gallon tank
trucks filled with potable water taken from the Florida aquifer. Concentrations of
approximately .9 mgL"1 and 6 mgL? were obtained in the presence of 3% kaolin clay
which was kept in suspension with a rccirculating pump. An experiment was also
performed at the high concentration without the addition of clay.

Figure 1 shows the removal of TCE at the .9 mgL'1 concentration with clay
present. As can be seen the TCE removal is 99.5% at a dose of approximately 110
krads. This compares with earlier experiments in which the removal was only HS.9% at a



dose of nearly 800 krads when no clay was present. The reason for this large difference
is that in our earlier experiments TCE was dissolved in mefhonal in order to get
sufficient volumes for injection into the potable water influent stream. The methona!
apparently scavenged most of the OH- produced by the irradiation and thus interfered
with the removal of TCE.

Figures 2 and 3 show TCE removal at the high concentration with and without
clay. In both cases approximately 983% of the TCE was removed at a dose of 310
krads. Although the initial TCE concentration in the presence of clay was slightly less
than that without clay, it is clear that the presence of clay did not significantly reduce the
removal efficiency.

Phenol

Figure 4 shows the results of an experiment in which approximately 100 mgL*1 of
phenol was dissolved in 3000 gallons of potable water in a tank truck and continuously
recirculated through the electron beam at various doses. The flow rate was 100 gpm and
the entire run lasted approximately two and one half hours. As can be seen, the
concentration of phenol and the major breakdown products hydroquinone and catcchol
ultimately w*re reduced to below detection limits. Note that the curves arc not smooth
over time because the dose levels were varied over time as indicated on the abcissa. A
similar experiment was performed using water which was adjusted down to pH = 3.95
from the natural level of pH = 7.75 in the first case. This had the effect of removing
carbonate/bicarbonate ions, which are OH- radical scavengers.

Figures 5 shows the removal of phenol as a function of dose for approximate
concentrations of SO, 300, and 900 nM for the pH = 7.75 experiment. The effect of
initial concentration on removal is quite clear. A comparison of removal efficiency for
the two high concentrations as a function of pH is made in Figure 6. Here it appears
that concentration effects are not as significant at low pH or conversely, pH differences
are not as important at high concentrations. This follows because the relative amount of
carbonate/bicarbonate becomes less as the solute concentration increases.

Figures 7 through 9 show concentrations phenol and the major breakdown
products versus dose for various ranges of concentration for the pH = 7.75 experiment.
As can be seen in Figure 7, the breakdown products increase as irradiation begins and
fall slightly as the concentration of phenol drops. In the 250 JIM range of Figure S the
concentrations of hydroquinone and catcchol increase slightly for low doses and then
drop for the higher doses. At this point, however, the products arc also present in the
influent stream and it is not possible to determine how much is newly produced from the
phenol. Figure 9 shows that when the concentration of phenol drops to the 50 MM
range, a dose of approximately 600 krads is sufficient for removal to below detection
limits. At this point the major breakdown products are also essentially removed. A
preliminary look at various other reaction by-products indicates that sub yM
concentrations of formaldehyde, acetaidehyde, glyoxal and acetone were present and as



well as 30 nM of formic acids.

4. CONCLUSIONS

Research to date shows that high energy electrons produced by electron beam
accelerators can effectively remove hazardous organic compounds from aqueous
solutions. The basic electron beam equipment has been used commercially for other
applications for over thirty years. The equipment has performed reliably in these
applications, in some cases operating continuously with 95% availability. Although the
treatment costs for this process are highly dependent on the required dose and thus the
allowable flow rate, they are competitive with alternative treatment methods [5].

The experiments reported in this paper indicate that the process is effective for
.oncentrations higher than previously considered, that is up to 100 mgL1, and that even

Higher concentrations may be handled through recirculation. Also the presence of
turbidity from the 3% clay addition did not seem to significantly affect removal
efficiency. Thus this process can work in situations where other common oxidation
processes such as UV/ozone would not be able to operate without pretreatment.
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UST OF FIGURES

Figure 1. TCE Concentration versus Dose in the Presence of 3% clay (Initial

Concentration .92 mgl/1)

Figure 2. TCE Concentration versus Dose (Initial concentration 6-3 mgL1)

Figure 3. TCE Concentration versus Dose in the Presence of 30% clay (Initial
concentration 54 mgL'1)

Figure 4. Phenol and Product Concentration versus Do?e for Continuous
Recirculation of water through the Electron Beam.

Figure 5. Percent Phenol Remaining versus Dose at Various Influent
Concentrations.

Figure 6. Percent Phenol Remaining versus Dose at Various Influent
Concentrations and pH Levels.

Figure 7. Concentration of Phenol and Products versus Dose for High Initial
Concentration of Phenol.

Figure 8. Concentration of Phenol and Products versus Dose for Moderate
Initial Concentration of Phenol.

Figure 9. Concentration of Phenol and Products versus Dose for Low Initial
Concentration of Phenol.
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ENVIRONMENTAL ASPECTS OF COAL MINING WASTES
DEPOSITION AND USE
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ABSTRACT

Increasing amounts of coal mining wastes deposited at tips, as well as an extending range of minestone
applications as a common till and civil earthworks material, brings about a necessity of reliable prognosis of
the environmental impact of these constructions. The extensive laboratory, lysimetric and field studies on the
pollutant generation and transport in coal mine spoils from ths different stratigraphic series of the Upper
Silesian coal basin (USCB) in Poland have shown that the extent of contamination and corrosive properties
of minestone depends upon the balance between acid generation and buffering capacities. Moreover, it has
been found that weathered buffered minesione displays a considerable sorption capacity with respect to heavy
metals either in canonic or anionic form, as well as to organic matter and color. Regarding substantial binding
properties, this material under certain conditions can be used as an effective protection barrier against
migration of pollutant louds to the aquatic environment. Thus, the adequate assessment of ininestone pollution
potential or its burner properties depends upon the relevant estimation of susceptibility of the material to
.icidificution.

For characterization of this property, (he sulphide reactivity as a function of rock position in the
luostratigraphic section of the USCB , as well as the mechanism of buffering as an interaction of acidity,
exchangeable cations and calcium/magnesium carbonates has been examined and discussed. The susceptibility
of coal mining waste material to generate low pH values has been evaluated both experimentally and using
a developed identification computer program LHI-PHREEQE.

INTRODUCTION

Underground coal mining is known as the major waste generating branch of human
activity. The proportion of wastes compared to the saleable coal ranges at the present
date from 30 to 50 %. In Poland, about 70 M tones of coal mining wastes are produced
annually, that accounts for 64 wt% of the total waste generation, and some 1100 M
tones are lying in tips mainly in the area of the Upper Silesian coal basin (USCB), that
is 71 wt% of the total amount of laying wastes in the country [Head Stat. Dept, 1990].
A similar situation occurs in other coalfields throughout the world.

The general trend observed in the world is the intensification of colliery waste
application as a minestone [Sleeman, 1990], the bulk of it being used as for civil
earthworks, such as the levelling of sites for building, back-filling of disused quarries
and excavations, rising of ground surface levels, construction of highway, railway,
canal, river or spoil dump embankments, for biinding and covering of municipal or
industrial refuse dumps etc. In Poland, almost 60 wt % of coal mining wastes generated
annually, have been used as a common fill, among other for elimination of surface
deformation caused by subsidence, that dramatically increases the surface area exposed
to the atmospheric conditions in relation to the waste volume.



It has to be, though, taken into consideration, that this material generally is not
neutral with respect to the environment. Coal mining wastes are natural Carboniferous
rocks that, being extracted from their original environment and exposed to the
atmospheric conditions, undergo substantial transformations of their properties in course
of weathering processes. These processes may result in formation of a serious aquatic
environment contamination potential of this material due to generation and release of
contaminant loads either from the waste matrix, or from other material (e.g. pipes,
reinforcement) or from the soil or subsoil layers of the vadose zone, the minestone or
leachate from wastes are in contact with. The investigations on the pore solutions and
leachate quality in coal mining wastes have shown that even a spoil layer 1.5 - 2.0 m
thick can be a permanent source of the aquatic environment contamination [
Twardowska, 1986; Twardowska & Szczepanska, 1990]. A negative environmental
impact of coal mining deposition has also been reported in other numerous publications
by different authors [e.g. Vimmerstedt & Struthers, 1968; Glover, 1975; Twardowska,
1981; Smith et al., 1984; Twardowska et al., 1988; Kerth, 1988; Keith & Wiggering,
1990; Twardowska & Szczepanska, 1990].

On the other hand, a heterogenous nature of Carboniferous rocks and products of
their geochemical weathering transformations may result in a positive environmental
effect of properly used coal mining spoils as a valuable and cost-effective barrier,
efficiently binding some toxic constituents.

It has been shown, that the pollution potential of coal mining wastes depends on the
extent of their acidification, that is a function of the balance between acidity generation
and buffering capacity of the material [Geidel, 1979; Palmer, 1978], Freshly producwi
spoils are alkaline or close to neutral. The acidity is derived from the oxidation of
sulphide minerals occurring in wastes and the subsequent dissolution and hydrolysis of
the weathering products. Buffering constituents in the system at pH 7 have been
recognized to be cation exchange capacity of clay minerals, as well as calcium and
magnesium carbonates [van Breeman, 1972; Palmer, 1978].

In the another paper, on the background of the analysis of mineralogical mode,
dispersion and distribution of iron sulphide minerals and buffering constituents in the
stratigraphic series of the coal-bearing strata, a simple method of estimation of
susceptibility of coal mining wastes to acidification was proposed [Twardowska, 1990].
For adequate quantitative assessment of the pollution potential of material as a function
of time, though, the mechanism and kinetics of the reactions involved into the acid
generation/buffering process has to be considered.

In this paper, on the basis of investigations on coal mining wastes of different
buffering rate derived from the coal seams of the USCB, the mechanism of acidity
buffering in coal mining wastes and an approach to evaluation of waste contamination
potential as a function of the balance between the acid generation and buffering
potential has been presented.

MATERIAL AND METHODS

Carboniferous rocks from 41 coal seams and coal mining wastes from 13 collieries
and 4 coal mine spoil lips representing the stratigraphic section of the USCB were
sampled and examined with respect to occurrence, mineralogical mode and content of
acidifying and buffering constituents.



Studies on the mechanism of buffering were carried out on the 4 types of coal
mining wastes of different periods of exposure to the atmospheric conditions after
deposition at the colliery spoil tip (from 0 to 12 years) and different buffering rates
= Gfef/GK [Twardowska, 1990]. Material for investigations was sampled from the
layers 0-20 cm and 70-100 cm at the tip surface, where the weathering processes was
the most intensive. In the samples, the sulphide reactivity and mineralogical mode was
estimated. The sulphide reactivity was expressed in the terms of half-decomposition
time, adequate to the time of generation of related sulphate loads from sulphides in
material, under conditions of exposure to the atmosphere at humidity 0.9S and t = 30°C
[Twardowska, 1981; Twardowska et al.,1986].

Clay and carbonate minerals determining buffering capacity of the investigated coal
mining wastes were subsequently identified and the total cation exchange capacity CEC,,
composition of exchangeable ions, calcium and magnesium carbonate content, total
buffering capacity and pH of material were assessed. Chemical and mineralogical
composition of clay and carbonate minerals in the investigated samples of carboniferous
rocks was determined by standard methods, using scanning (SEM) and transmission
(TEM) electron microscopy, x-ray diffraction (XRD), infrared spectroscopy (IR) and
differential thermal analysis (DTA, TG). The total cation exchange capacity and
composition of exchangeable ions in freshly produced and weathered material was
estimated by replacing them in the cation exchange sites by NH4 ions in ammonium
acetate solution at pH 7 and determining concentrations of Ca:+, Mg2+, Na*, K* and
Al3* in the output.The soluble constituents were preliminary deleted from the sample
by double extraction by distilled water. The total buffering capacity of material was
assessed as a sum of cation exchange capacity and buffering capacity of calcium and
magnesium carbonates extracted in 30% HC1 (siderite FeCO, commonly present in
Carboniferous rocks displays no neutralizing properties).

Sampling of material and all the analyses were carried out in triplicate.

RESULTS AND DISCUSSION

Dynamics of acidity generation

The loads of acidity generated in coal mining wastes depend on the sulphide
minerals content and their susceptibility to oxidation (reactivity). Reactions describing
acid generation from sulphide decomposition were given in details elsewhere [Palmer,
1978; Caruccio, 1978; Kleinmann et al, 1981].

In the USCB. the total sulfur content on coal is relatively low (about 1 %),
increasing generally from SW to NE. The sulphur content in adjacent carboniferous
rocks reflects its concentration in coal. It >vas found that the S, contents in coal mining
wastes depend also on the form of spoil material, being usually the lowest in coarse
run-of-mine wastes (max. average 0.71 wt%), the highest in fine slurry (max. average
5.58 wt%) and displaying a wide range of concentrations within each form of waste
(from traces to > 10 v/i% SJ. The sulphide sulphur accounted in investigated samples
for 85-95 wt% S,.

The major mineralogical forms of sulphides assessed in coal mining wastes were
pyrite and markasite, pyrite being generally predominant. As an accessory sulphide



components occurred chalcopyrite (in mudstones and siltstones), galenite and sphalerite
(mainly in argillaceous rocks and sandstones).

Iron disulphtde occurs in the stratigraphic section of the USCB in a variety of
syngenetic and secondary types, which represent four basic ones described by Caruccio
(1978), the framboidal type being the most reactive. The majority of sulphide
aggregates displayed an advanced process of crystallization or re-crystallization,
imperfect crystals (allotriomorphic, hypidiomorphic, xenomorphic) were also frequently
observed. Pyrites represented mainly fine-crystalline and microcrystalline forms. An
extent of sulphide crystallization was the highest in sandstones, somewhat lower in coal
and the lowest in mudstones and siltstones. In the older stratigraphic formations , down
the stratigraphic section, the rate of crystalline structures subsequently increases and the
mineralization of the metacolloidal and framboidal type usually decreases. No regional
differentiation of occurrence of sulphide mineralogical forms was observed.

The resultant kinetics of sulphide decomposition and sulphuric acidity generation
can be described by the first-order equation:

E

where r, - kinetic constant of sulphuric acid generation (I/day),
stoichiometrically related to the amount of O, consumed during the oxidation process;

The most figuratively the kinetics of acidity generation can be expressed by the
terms of half-time of the sulphide decomposition tw = In 2/rs, that for sulphides
extracted from the investigated Carboniferous rock of the USCB ranged from 29.11
to 10S02 days, mean value being 588.2 days at a log-normal distribution. In coarse-
grained material the values of r, were distinctly, from 3 to 7 times lower.

The sulphide reactivity in Carboniferous rocks as a function of coal seam position
in the stratigraphic section of the USCB (Fig. 1) displays the strongest susceptibility
of sulphide to decomposition in the highest (Westphalian C.D) and lowest (Namurian
A) series, the youngest Westphalian C,D series being of continental origin and lowest
(Namurian A) series containing rocks of mainly marine or brackish paleoenvironment.
Thus, no direct correlation of sulphide reactivity with paleoenvironment of the stratum
was observed, unlikely than in Western Pennsylvania, where reactivity increased down
the stratigraphic section, being directly correlative with the marine/brackish origin of
rock matrix [Caruccio, 1978].

In weathered material, the greatest extent of decomposition displayed framboidal,
microcrystalline and organogenetic forms. In highly crystalline euhedral aggregates the
advance of oxidation process was very weak or did not occur at all.



Mechanism of buffering in the process of acidity generation

Exchangeable ions as a buffering factor

Dissociated sulphuric acid, generated as a result of sulphide oxidation, is neutralized
partially or thoroughly by the buffering constituents of coal mining wastes, one of them
being ion exchange capacity of clay minerals in the argillaceous and arenaceous rocks.
For coal mining wastes of the USCB it ranged from 29 to 211 eq/t. The concentration
rate of exchangeable ions in the total cation exchange capacity (CEQ) was found to be
closely related to the sodium chloride salinity of rocks and mine waters. In the strata
of the upper part of the stratigraphic section (Westphal D-C, partially B), the
concentration rate of Na* in the exchange sites was low and ranged from 1.4 to 18 %.
Generally, the exchangeable Na* concentration rate increases simultaneously to the
increase of rocks and underground water salinity, up to 43-72 %. It suggests that these
ions were introduced onto exchange sites through the cation exchange between clay
minerals and underground waters of Na*-Cl" type.

Potassium in the CEC occurred in minor amounts (average 8.80 % in equivalent
units). The remaining part of exchange sites was occupied by Ca2* and Mg2* ions,
usually CaJ* being predominant (mean content about 2 times exceeded Mg2*). The
average rate of exchangeable ions with respect to the total buffering capacity (Ghuf)
ranged from 7 to 40 % in equivalent units, thus CEC, was its minor constituent.

The acidity neutralization effects in transformation of the exchangeable cations and
the total ion exchange capacity occupied by Na*, K*. Ca2* and Mg:* ions (Fig.2, 3,
4, 5, 6).

The results of investigation have shown, that buffering process and its impact on
the ton exchange capacity can take place either in indirect or direct way, as two-step
or one-step reaction. In the first case dissociated sulphuric acid reacts with carbonate
minerals (dolomite, calcite). Calcium and nagnesium ions, displaced into solution from
carbonate minerals, are subsequently adsorbed onto the cation exchange sites at the
expense of released exchangeable alkalis. The process results in the transformation of
qualitative composition of the ion exchange capacity, its quantitative value remaining
almost unchanged (Fig. 2-5, wastes I and IV).Presumably, in the rock debris of high
calcium/magnesium carbonate content, exchangeable alkalis may be simultaneously
replaced also by Ca2* and Mg2* ions passing into solution as a direct result of carbonate
dissolution. In the second case generated acidity is buffered also by adsorption of H,O*
onto the cation exchange sites, that causes changes of CEC, of both quantitative and
qualitative character (Fig. 2-5, low-buffered wastes II, highly saline wastes III).

It has been estimated (Fig. 2-6), that in coal mining wastes both these processes
(i.e. direct and indirect ones) occur, though their rates are different and depend mainly
upon the buffering properties of material. Generally, in buffered wastes with substantial
content of exchangeable alkalis, a distinct preponderance of the two-step process over
the direct replacement of exchangeable cations by H,O*" takes place, that results in
rather slight changes of CEC, (Fig. 3, 5 - wastes IV). In the buffered wastes with low
exchangeable alkalis content, the role of exchangeable cations is negligible because of
the limited both indirect and direct ion exchange (wastes I).

In the surface layer (0 - 20 cm) of the tip constructed of low-buffered material,
processes of the indirect and direct ion exchange play equivalent role, whereas alike in
buffered systems, in deeper layers indirect exchange at the expense of exchangeable



alkalis prevails (wastes II). Also in wastes of a high chloride salinity, where bulk of
CEC, comprise sodium ions, both processes are equally intensive because of a high
mobility of Na* (wastes HI).

The difference in the qualitative and quantitative transformations of CEC, in
buffered and low-buffered coal mining wastes illustrate Figs.4 and 5.

The qualitative transformations in the composition of exchangeable ions in
Carboniferous rocks comprise mainly sodium and calcium, and to the lesser extent
magnesium ions, the potassium being of minor importance. The process of sodium
replacement in exchangeable sites by Ca2* and Mg2+ is relatively fast and in surface
layer 0 - 20 cm generally ends within 1 to 3.5 years as a result of Na+ depletion. In
this period, the increase of exchangeable Ca2* and Mg2* occurs; dynamics of this
process is the resultant of ion exchange [Na* + K.*]mk *—* (Ca2* + Mg2*),,*, and
(HjO*)^-* [Na* + K* + Ca2* + Mg2*]^. As the ion exchange processes are the
most active at the initial stage of leaching, when even in low-buffered system the extent
of acidity neutralization by carbonates is high and the concentration of hydrogen ions
in the system is relatively low, the prevailing process in that period is a two-step
exchange. A competitive ion exchange with H3O* ions can be for simplification at this
stage neglected.

Ion exchange is an equilibrium process, that can be described by the known
equation [Garrels & Christ, 1965] that for the investigated systems can be presented as
follows (in equivalents):

Y (£* +8* ) G
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Values for the exchange constant K,, and an exponent n for coal mining wastes,
determined experimentally by the method of sequential exchange presented by Garrets
& Christ, 1965, for two-component system [Na*]f0Ck *—• (Ca2*)^ ranged from I024"
to 1O32, and from 2.80 to 3.63. respectively. In the tri-cation system
[Na*]^ •— (Ca;* + Mg2*)**, KM values ranged from 10'74 to 102 5u and n from 1.96
to 2.72.

After this process is completed, the decrease of the rate of exchangeable sites
occupied by Ca2* and Mg2* , determined by the dynamics of their displacement by
H,O\ is observed. The intensity of this process in the buffered rocks is low (Fig. 3,
wastes I, III, IV), whereas in the low-buffered system (wastes II) process of ion
exchange with H5O* from pore solution plays an important role (Fig. 2, waste II). The
result of buffering by exchangeable ions is thus:

1. The depletion of Na* from exchange sites (Fig. 2). CEC, displays simultaneous,
usually slight decrease at this stage, and stability at the further stages as a
function of time in buffered rocks. The rate of Ca2* in CEC, increases
(Fig. 4,5 6 - wastes I,111,IV);



2. The depletion of Na* from exchange sites and simultaneous increase of Ca2*
and MgJ+ rates in CEC, at this stage in low-buffered wastes
(Fig. 2, 4 - wastes II) Successively, the depletion of Ca2* and increase of Mg2+

rate in CEC,; distinct decrease of CEC, as a function of time
(Fig. 4, 5 - wastes II);

In the deeper layers of the tip these processes are transferred in time and their
intensity decreases due to the lower concentration gradients in the system exchangeable
ions - pore solution.

The presented mechanism of cation exchange in coal mining wastes displays a
particular importance of two factors: the total value of cation exchange capacity CEC,
and the sodium concentration rate in CECt, considering that in buffered material the
role of exchangeable Ca3* and Mg:* is almost negligible.

Buffering by carbonate minerals

The major buffering constituents in Carboniferous rocks are calcium and
magnesium carbonates (mainly calcite and dolomite, accessory sideroplesite), which
account for 60 to 93 % of the total buffering capacity at neutral to alkaline pH values.
The characteristics of carbonates occurring in the coal mining wastes of the USCB was
presented in other paper [Twardowska, 1990].

Studies on the changes in the carbonate concentrations in coal mining wastes as a
function of exposure to atmospheric conditions at the spoil tip (Fig.6) suggest the
possibility of simultaneous occurrence of two processes:

I. Decomposition of calcium and magnesium carbonates and transfer of Ca2* and
Mg:* ions to the pore solution as a result of a direct impact of dissociated

sulphuric acid generated from the sulphide oxidation;

II. Generation of dissociated sulphuric acid and dissolution of calcium and
magnesium carbonates in the pore solutions of independent microenvironments
(pores), and subsequent diffusion of ions from these pores to infiltration water
in vadose zone where the mixing and neutralization of sulphuric acid occurs;

Direct buffering (process I) requires the presence in the pores of the same
microenvironment of both sulphides and carbonates. The load of ions originating from
the carbonate decomposition is determined by the kinetics of dissociated sulphuric acid
generation:

Depletion of carbonates or sulphides in this system causes its transfer to the system
of indirect buffering as a separate microenvironments containing either just acid'ty
generating or buffering compounds.
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In the heterogenous system that are Carboniferous rocks, at indirect buffering
(process II) the carbonate dissolution and sulphuric acid generation may occur
independently in different pore microenvironments. Dissolution of Ca2* and Mg2+ -
carbonates and the total load of buffering constituents generated by this process is
limited by the equilibrium constraints. Calcium and magnesium carbonates occurring
in the form of calcite CaCOj, dolomite CaMg(CO})2 and as an accessory component of
sideroplesite Fea.,)Mg(l0COj, are released to pore solutions in amounts determined by
carbonate equilibria and pore solution volume. If the total carbonate content in
equivalent units is / , concentration rate of calcite in rock is n and dolomite x, the
solubility of calcium and magnesium carbonates may be described by equilibrium
equation:

• i l-n-x * x \-n-x

_ « ' - • « • » T
 K

 t
 K

 d ' K
 m

 n '* ( 1 " n ~ * ) (4)

Transforming the basic equations that describes carbonate equilibria (Garrels &
Christ, 1965; Paces, 1983) and introducing them to the eq. (2), finally we obtain the
relation for assessment of average equilibrium Ca i+ and Mg3* concentrations in pore
solution of microenvironments where Ca2* and Mg2+ carbonates occur at the phase
border:

K K
 J 'K n x (1-n-Jt)

g .g = £ i =:
Ca1' Mg1' R.O,SX

0 , 5 - y , Y , K • K , K , _ P
Ca2' Mg1' H^O^ HCO^ CO"3 CO2,t

(5)



9

The total load of calcium and magnesium in the equilibrated carbonate system is:

"•*

where

Thus, the load of dissolved carbonates generated in the defined period ot time in
the system being in equilibrium does not depend on time and is determined by the
volume of water in the carbonate containing porous media and by the occurrence of
carbonates at the phase border.

The load of dissociated sulphuric acid generated in other carbonate-free porous
microenvironments (II) in the same time , due to the lack of equilibria constraints, is
a function of time, reactivity and exposed specific surface of sulphides at the phase
border ana is not limited by ihe water volume in the sulphide-containing porous
medium.

Analogically to the equation (1):

^W'EV^U,) (7)

Ignoring the difference between the diffusion kinetic of ions as a factor of a minor
importance, the basic condition of the system buffering at pH = 7.0 is:

gen gen

BP = C . , - "

If BP < 0, ti e acidification of the system will occur. The extent of acidity is
determined by tht difference between the equivalent loads of generated acidity and
dissolved carbonates.
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As shows the eq. (8) ,if the condition of buffering is not fulfilled, a particular role
in the process of rock acidification plays the length uf a dry period, when the stream
of infiltrating water gradually decreases, starting from the upper layers of the spoil tip.
In this period , acidity generation proceeds under conditions of discontinued output,
thus the total load of acidity generated and retained in the system is proportionr 1 to the
length of this period. It has been proved both by the results of field [e.g. Vimmerstedt
& Struthers, 1968; Morth et al., 1972; Twardowska, 1981] and column experiments
[Geidel &. Caruccio, 1977; Geidel, 1979; Twardowska, 1981; Twardowska,
Szczepanska, 1990], when the highest acidification of rock and leachate was observed
after longer dry periods, while at permanent leaching the acidification often does not
occur even in a very low-buffered material. A particular susceptibility of the surface
layer to acidification also becomes understandable, as the material loses its moisture to
the greater extent than in deeper layers (in air-dry state the moisture content accounts
for approximately half of its maximum value w j . This results in the decrease of
dissolved carbonate load at the same intensity of acidity generation. Time is thus a
determinant of the total load of acid generation and retention in the rock, as well as in
depletion of carbonates and sulphides exposed at the boundary film of micro-
environments and in (he rock as a whole.

As it has been reflected in the eqs. (4) - (6), the solubility of carbonates depends
on their mineralogical form, extent of crystallization, concentration rate in rock and
in particular on the specific surface of crystals. Equilibrium constant K, at 25° C ranges
from 10"*0} for amorphous or cryptocrystalline calcite to 10"JS for crystalline form.
Equilibrium constant for dolomite K,, ranges adequately from 10"JSto 10'*7 (Paces,
1983). For sideroplesite Fe,,.n,MgnCO3 at n=0.1 constant K,m ranges from 10"'" to 10'
u m (according to Garrels & Christ, 1965). In general, K, > K,, > K,m. In this order
occurs also the leaching of carbonates. It can be exemplified by the results of
constituents leaching from waste II and IV at the spoil tips (Fig. 6). in the well buffered
material IV the predominant carbonate mineral is dolomite, accessory sideroplesite.
Leaching of Ca2* and Mg2* occurs here simultaneously, with about the same intensity.
In the low-buffered material II calcite prevails over sideroplesite, with minor content
of dolomite. In the period of 10-12 years almost entire extinction of calcium carbonate
and slight changes of magnesium concentrations in these wastes have been observed.

The obtained results also show an importance of the mineralogical mode of
carbonates. Better buffering properties display carbonates dispersed in the rock, having
large exposed surface with respect to their mass.

ESTIMATION OF BUFFERING/ACIDIFICATION POTENTIAL OF COAL
MINIG SPOILS

The presented results and equations explain the mechanism of buffering/acidification
process of coal mining wastes. Their direct application is, though, complicated because
of the lack of simple methods for assessment of the rate of carbonate and sulphur loads
involved in direct or indirect processes, or the
changes in pyrite and carbonate exposed surface.

In earlier paper [Twardowska. 1990], simple method for assessment of
susceptibility of wastes and leachates to acidification on the basis of evaluation of
buffering rate £ = Ghul/GJ£ of material.
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For long-term prognosis of contaminants leaching from coal mining wastes and its
effect on the aquatic environment, a computer program LHI for calculation of species
leaching and transport within and out of a spoil tip has been elaborated. Its basic
assumptions and conceptual framework has been presented in other publications
[Twardowska et al., 1988; 1990]. In this study, an approach to modelling of
geochemical reactions for identification of kinetics parameters of contaminant
mobilization and transport within a spoil tip will be discussed. As a subroutine of an
identification program LHID, a computer program PHREEQE [Parkhurst et al., 1981]
for geochemical calculations has been applied. For verification of calculations, the
results of column identification experiments are provided.

The model considers an occurrence in microenvironments of waste material of two
systems:

I, Pure pyritic system: Pyrite reacts with oxygen added adequately to the pyrite
reactivity estimated experimentally, then system is equilibrated with kaolinite or
other predominant clay mineral. Ion exchange is also being taken into account;

II. Carbonate system: Pyrite is also present and oxygen being added. pH is buffered
by equilibrium with calcite and ion exchange, in presence of siderite.
The resultant solution is next equilibrated with dolomite.

The calculations are performed in following basic steps:

Step 0. Mixing the starting solution of pure infiltration water from precipitation with
chlorides and sulphates from the pore solution in the rock.

Step 2. Addition of oxygen and equilibration of sysfm I (solution I).

Step 3. Addition of oxygen and equilibration of system II (solution II).

Step 4. Mixing resultant solutions I and II, obtaining composition of pore solution
within the waste layer after defined period of time.

The proportion of pyrite occurring in microenvironments of system I and II and the
rate of oxygen added to system II (< r,) that simulates coating of exposed pyrite
surface by secondary minerals (gypsum) is being selected at the beginning of the
calculation cycle by iteration, until the calculated and experimental results become
convergent . An example of printed output for identification calculations by LHID-
PHREEQE program is presented in Appendix 1.

The described approach to the solution of the problem, though simplified with
respect to real system, is fairly laborious, but provides a reliable long-term prognosis
of leaching behavior of investigated coal mining spoil at the particular spoil tip after
application for calculations of the whole set of LHI subroutines, i.e. LHID, HS1M 1,
HELSIM and HSIM 2 (Twardowska et al., 1990). Work on improvement of LHI
program is in progress
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ENVIRONMENTAL EFFECT OF RUFFEIUNG POTENTIAL. OF COAL MINING WASTES

The importance of adequate assessment of buffering/ /acidification potential of
coal mining wastes in long-term prognosis is undeniable. To illustrate this statement,
in the Table 1. are shown the concentrations of heavy metals in leachate from freshly-
wrought wastes II and from the same waste layer 1,5 m thick after 10-12 years of
deposition. Strong acidification of these wastes in the course of time resulted in the
dramatic increase of heavy metal concentrations leached either from rock matrix or
from other material the pore solution is in contact with (zinc originates from the
galvanized pipe surface).

TABLE l:Heavy metal concentrations in leachate from the low-buffered
wastes of the type II.
Spoil layer 1.5 m thick.

Constituent

Co
Cd
Cr,
Cu
Fe,

Spoil age
0-2 years

pH 7.3-8

min

0.01
0.024

0.00
0.005

0.21

Concentration range, min-max
(mg/l)

.9

max

0.02
0.039
0.01
0.02
0.48

Spoil age
10-12 years

pH 2.7-3.

min

0.28
0.050
0.02
0.12
1.44

,0

max

0.41
0.213
0.46
1.40
5.59

Maximum
standard
level*1

0.05
0.05"'
0.10
0.50

Mn 0.10 0.19 3.20 4.32 0.10
Ni 0.20 0.22 0.93 1.28 [1.0]"'1

Pb 0.01 0.05 0.12 0.40 0.10
Zn 0.73 0.96 73.20 111.80 5.0

'' For potable water "' For Cr(VI)
*' For surface water of 1 quality class
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TABLE 2: Heavy metals binding on weathered, buffered coal mining wastes (g/t)

Input
PH
value

2.5

12.0

Bound
cons-
tituent

Cr,
Cd
Zn

Cu

Cr,
Cr(VI)

Input
concen-
tration
mg/1

150
100
500

150

250
220

Total
input
load
EL1

5313
1011
2164

4538

1153
1014

FulP
binding
phase
EL,,

927
65
0

816

373
321

Break-
through
phase
EL,p

3982"'
434
1673

3118

459
374

Total
bound
phase
EL'

4909
499

1673

3934

832
695

Total
reduc-
tion
R[%]

92.4
49.4
77.3

86.7

72.1
68.6

*' < 0.05 mg/1 in outflow *"' experiment in progress
On the other hand, weathered, buffered coal mining wastes display a considerable

sorption capacity with respect to heavy metals either in cationic (CrIII, Cu2*, Zn2*,
Cd2*)or in anionic (CrVI) form (Table 2). Also organic compounds and nitrates that are
not bound by conventional sorbents are retained by this material. Regarding substantial
binding properties, this material can be used as an efficient protective barrier against
migration of certain contaminants to the aquatic environment. Detailed report on these
research will be presented in another publication.

CONCLUSION

Buffering capacity of coal mining wastes is a determinant of contamination potential
of this material. Thus, a long-term prognosis of leaching behavior of these wastes
should be prior to any decision for site selection for coal mine spoil tip construction or
to application of minestone in civil engineering, considering either the effect to the
aquatic environment, or the corrosive impact on concrete and reinforcement, or
possibility of beneficial using of minestone as a cost-effective protective barrier against
migrating contaminants.
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INIHSX UST

G, • i-constituent concentration in rock (eq/m3)
G° - initial concentration of /-constituent in rock (eq/m3)
G, - concentration of sulphides in rock (eq/m3)
GK - total concentration of acidity-generating constituents in rock (eq/m3)

Gbtf - total concentration of buffering constitutents in the system (eq/m3)
g, - /-constituent concentration in pore solution (eq/m3)
g'* - /-constituent concentration in water film at the phase border (eq/m3)
K - /-constants and coefficients in equilibria equations
r, - kinetic coefficient of sulphide generation (1/day)
wn - natural moisture content (wt%)
7, - activity coefficient of /-constituent in solution
5 - buffering rate G^G*.
<p - function describing effect of exposed specific surface decrease of constituent

in the rock material as a result of its depletion

Selected subskripts:
" - values related to acidity generation
t,u, - values related to buffering capacity
„ - values related to ion exchange capacity
c - values concerning calcite
4 - values concernung dolomite
,m - values concerning magnesium in syderoplesite

Selected superskripts:
u - initial value
sctl - value generated
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II • low-buffered wastes ({ =• 0.70), chloride salinity IS eq/t, Smolnica tip;
III - high-buffered wastes (g =2.40, chloride salinity 34.7 eq/t), Wymyslow tip;
IV - high-buffered wastes (£ = 3.30), chloride salinity 28,0 eq/t;

Fig. 3. Transformations of canon exchange capacity CEC, = (Na" + K' ••• Ca :' + Mg;") resulted from
displacement of exchangeable cations by H,O* ions as a function of the deposition time and waste
layer depth below the surface.
Description of investigated wastes • as in Fig. I.

Fig. 4. Qualitative transformations of the cation exchanger capacity of coal mining wastes as a function of
deposition time and spoil layer depth below (he surface.
Description of investigated wastes - as in Fig. 1,

Fig. S. Qualitative and quantitative transformations of cation exchange capacity as a function of time.
Description or" investigated wastes - ; « in Fig, I.

Fig. h. Changes in the buffering capacity of low-buffered and high-buffered mining wastes 1 and I! from
surface (0-20 cm) and subsurface layers (70-100 cm) of coal mining spoil tip as a function of tune.
Description of investigated wastes as in Fig. 1.
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Appendix 1: An example of printed outpui for identification calculations (computer
program LH1D-PHREEQE, subroutine of program LH1).

RESULTS OF CALCULATIONS
TIME: 13 DAYS

CONCENTRATIONS IN PYRITIC SYSTEM |MM/L| PH - 4.213

CHLORIDES SULPHATES CARBONATES CALCJUM MAGNESIUM ALKALIS

1 06:0SD+O2 7 I4833D+OI 0.0O000D+0O 7.84677D+00 7 94363D+0O 2.1IO64D+O2

CONCENTRATIONS IN CARBONATE SYSTEM [MM/LI PH • 7.915

CHLORIDES SULPHATES CARBONATES CALCIUM MAGNESIUM ALKALIS

1 06:0SD+02 6.9S650D+QI I269O3D+0O 8,Q6239D+QO 8.I7O9ID+OO 2.I3985D+O2

CALCULATED CONCENTRATIONS IN PORE SOLUTION |MM/L |

PH - 7.536

CHLORIDES SULPHATES CARBONATES CALCIUM MAGNESIUM ALKALIS

1 .121O7D+O2 8.58O78D+OI 6.4S337D0I I.20059D+OI I.2O693D+O1 2 5S964D+O2

CONTENT IN THE LAYER |MM/M3|

CHLORIDES SULPHATES CARBONATES CAMG EX GYPSUM ALKALIS

S73I90D+03 I 43478D+04 2.35443D-fO5 2.0014ID+04 I 66626D+00 7J98I0D+O4

EXPERIMENTAL CONCENTRATIONS IN PORE SOLUTION (MM/L]

PH = 7.S80

CHLORIDES SULPHATES CARBONATES CALCIUM MAGNESIUM ALKALIS

I 32000D+O2 8.97600D+0I 6.00000DOI I 2225OD+O1 I 29O00D+0I 2.6I230D+02



APPKNIKEX 1

RESULTS OF CALCULATIONS
TIME: 13 DAYS

CONCENTRATIONS IN PYRITIC SYSTEM [MM/L] PH = 4.213

CHLORIDES SULPHATES CARBONATES CALCIUM MAGNESIUM ALKALIS

I.O6205D+O2 7.14333D+01 <d.00000D+00 7.34677D+00 7.94363D+00 2.11064D+O2

CONCENTRATIONS IN CARBONATE SYSTEM [MM/L] PH = 7.915

CHLORIDES SULPHATES CARBONATES CALCIUM MAGNESIUM ALKALIS

1.062O5D+O2 6.95650D+O1 1.26903D+00 3.06239D+00 3.17091D+00 2.13985D+02

CALCULATED CONCENTRATIONS IN PORE SOLUTION [MM/L]
PH = 7.536

CHLORIDES SULPHATES CAREONATES CALCIUM MAGNESIUM ALKALIS

1.32107D+O2 3.53073D+01 6.45337D-01 1.20059D+01 1.29693D+01 2.553«34D+f)2

CONTENT IN THE LAYER [MM/M3]

:HLORIDE: SULPHATES CARBONATES CAMG EX GYPSUM AUIALIZ

• 3 . 7 o l 3 e i [ ^ 3 1.43475LH-04 2.35443D+O5 2.OO141D+04 1.66626D+00 7.39310D+04

EXPERIMENTAL X)NCENTRATIGNS IN ?JRE oOLUTION [MM/L]
PH = 7.58W

JHLORIDES SULPHATES CAREONATES CALCIUM MAGNESIUM ALKALIS

>l 1.22250D+Ol 1.29000D+01 2.61230D+O2



10 000 ,.

o
T3

S

co

o
a
Eou

100 200 300 ' 400 . 500 ' 600 TOO : 800 i
group of coal seams

0 ' C ' B
•Vestphcha"

— 1 2

B - C A
Namu nan

x 3 O 4

Fig. I . Halt-tune ot sulphide decomposition in the siraugraphie section ot the USCB.
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Fig. 2. Exchangeable ion concentrations in coal mining wastes at spoil tips as a
function of time and layer depth.
I - buffered wastes ($ = 1.5) of negligible chloride salinity (0.95 - 1.96 eq/t),

Siersza-Misiury tip;
II - low-buffered wastes (£ = 0.70), chloride salinity 15 eq/t, Smolnica tip;
III - high-buffered wastes (£ =2.40, chloride salinity 34.7 eq/t), Wymyslow

tip;
IV - high-buffered wastes (£ = 3.30), chloride salinity 28,0 eq/t;
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Fig. 3. Transtorniations ot cation exchange capacity CEC, = (Na* + K' + Ca:* +
M«'*) resulted from displacement o» exchangeable cations by H,O" ions as a
tunction (it the deposition time and waste layer depth below the surface.
Description ot investigated wastes - as in Fig. 1.
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Fig. 4. Qualitative transformations of the cation exchange capacity of coal mining
wastes as a function of deposition time and spoil layer depth below the surface.
Description of investigated wastes - as in Fig. 1.
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Fig. 5. Qualitative and quantitative transformations of cation exchange capacity as a
function of time.
Description of investigated wastes - as in Fig. I.
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Description of investigated wastes as in Fig. 1.
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Evaluation of Non-Point Sources of Surface Water Contamination
and Implications for Watershed Management

Wesley L Bradford and John N. Richards

ABSTRACT

A study of constituent concentrations and loadings to surface waters from various non-
urban land-use areas was conducted over a 2 1/2-year period in the Monocacy River
Basin, a drainage area of approximately 970 square miles (2512 km2), in central Maryland,
USA. The study focused on nutrients (nitrogen and phosphorus species), total suspended
solids, and total and fecal coliforms, and examined statistically the concentrations and
loadings in baseflow and stcrmfiow as a function of land use, season, storm intensity, and
farming practices. The results formed the baseline for evaluation of the effectiveness of
future implementation of best management practices on farms to reduce nutrient and
suspended solids loading to the Monocacy River and the Potomac River, and to reduce
cotiform loadings in local streams.

The results of extensive statistical hypothesis testing on the data base using various
parametric and non-parametric procedures showed patterns in constituent concentrations
and loadings between watersheds with the highest concentrations and loadings occurring
sn watersheds with 70% or more of the area devoted to farming, and from individual types
of farms.

The findings suggested that a few relatively simple changes in farm management
practices would significantly reduce loadings to and concentrations in streams draining
from farms: (1) restricting livestock access to streams and drainage channels would
significantly reduce coliform concentrations at basefiow and suspended solids generated
by bank erosion during storms; this could probably be achieved largely by providing
watering and feeding locations away from stream channels and fencing along stream
reaches deep enough for wading; (2) providing grass buffer strips along stream banks
or within drainage channels would reduce loads of most constituents at stormfiow by
reducing erosion and providing a filter for sheet runoff; (3) controlling runoff from feedlots,
cattle loafing areas, and manure piles would reduce the massive loading of coliform
bactena, organic nitrogen, and phosphorus during storms, particularly in autumn and
winter: and (4) planting winter cover on cultivated areas would reduce suspended solids
and nutrient loading generated by erosion and runoff of manure from frozen or bare
ground during winter and early spring storms.
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STUDY OBJECTIVES

Provide a comprehensive water quality data base of non*
point source contributions to the Monocacy River Basin by
monitoring base flow and selected storm runoff events.

Provide a detailed analysis of the non-point source
contributions from the Double Pipe Creek Watershed, a
heavily-agricultural watershed within the Big Pipe Creek
Basin where Best Management Practices (BMP) were to be
implemented.



STUDY HIGHLIGHTS

• A 2.5 - year study involving continuous monitoring of
baseflow at 7 stream stations in a 970 square mile
2512 square kilometer) basin.

• Intensive sampling of stormflow at 10 stations in 31
different storm events.

• Extensive statistical hypothesis testing of data using
parametric, ANOVA, and non-parametric techniques.

• Calculations of nutrient loads from individual
watersheds and from the Monocacy River as a whole.

• Evaluation of major sources of nutrients and coliform
bacteria in the Monocacy River Basin.
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LAND USE AND BASIN PHYSIOGRAPHIC CHARACTERISTICS OF NPS SITES

SELECTED IN THE MONOCACY RIVER WATERSHED AT USGS GAUGES

USGS Gauge Drainage Slope X Cover X Agricultural X Residential

Site Name NQ al »JJe (Sq. Ml.) (Ft./Ml.) (Forest) (Approximate) (Approximate)

Monocacy River

at Jug Bridge

01643000 232 817 5.57 33% 52X 15X

Monocacy River

at Bridgeport

01639000 341 173 18.9 24X 68%

Big Pipe Creek

at Bruceviiie

01639S00 340 102 12.8 17% 78X 5X

Fishing Creek

near Lewistown

01641500 735 7.29 263.0 100X OX OX

Owens Creek

at Lantz

01640500 965 5.93 20.16 71X 28X IX

Hunting Creek

at Jimtown
01641000 355 18.4 35.0 77X 11X 12X

Bennett Creek

at Park Mills

01643500 240 62.8 23.8 26X 72X 2X



DESCRIPTION OF SINGLE LAND USE SITES AND PROPOSED
BEST MANAGEMENT PRACTICES LOCATED IN DOUBLE PIPE CREEK

Site
Approximate
Drainage
(Acres)

Animal Waste and/or
Erosion Control Plan

Ralph Stambaugh Farm

Lloyd Divers Farm

Joe Schwartzbeck Farm

80 Animal waste control

• Feedlot-dairy barn waste control plan
• Solid storage system
• Upland pond
• Fenced waterways
• Grassed waterways
• Flow diversion

175 Combined animal waste and erosion control

• No-tillage practice
• Grassed waterways
• Strip cropping
• Feedlot-dairy barn waste control

system
• Solid storage system
• Fenced waterways

17 Erosion control

No tillage
Grassed waterways
Seasonal strip cropping



CLASSIFICATION OF SITES BY LAND USE

Class I - Hainstem Sites

MY1 - Honocacy River at Jug 8r1dge (USGS 01643000)
MY2 - Monocacy River at Bridgeport (USGS 01639000)

Class II - Ma-jor AqMcu^tgrai Watersheds

MY3 - B1g Pipe Creek at Bruceviiie (USGS 01639S0O)
MY4 - Bennett Creek at Park Mills (USGS 01643300)

Class H I - Mixed Land-Cover Watersheds3

HY5 - Fishing Creek near Lewistown (USGS 01641S00)
HY6 - Hunting Creek at Jimtown (USGS 01641000)
HY7 - Owens Creek at Lantz (USGS 01640500)

Class IV - Single Land-Use Watersheds

- Ralph Stambaugh Farm
W 9 - Lloyd Divers Farm
MY10 - Jot Schwartzbeck Farm

*These watersheds are largely forested (greater than
70 percent) and have agricultural land use up to
2S percent.
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Statistic

Nitrite •
Nitrate

(Dissolved)
(as N)

Arrrmnia
(Dissolved)

(a* N)

Kjelddhl
Nitrogen
(lotal)
( « N)

kjelibhl
Nitrogen

(Dissolved)
(as N)

lotal
Phosphorus
(lotal)
Us P)

total
Phosphorus
(Dissolved)

Us P)

e* tt»o
Phosphate

(Dissolved)
(as P)

lotal
Organic

Carbon

lotal
Suspended

Solids

lotal
Col i forms

fecal
Col i forms

Class I - Kainstem Stations: Jug Bridge (HYi) and Bridgeport (HY2)

X

s
H

lest*

I
0.

21
a

/8
00

0
0.

21
a

2S
IS

2
1

21
a

49
93

0
0

21
a

ei
35

0
0

21
A

98
91

0
0

21
a

21
095

0
0.

21
M

16
086

19
18
21

2/6
3)2
21
a

39
46

.900

.200
IS
a

12.600
20.100

IS
a

Class 11 Hajor Agricultural Watersheds: Big Pipe Creek (HY3) and Bennett Creek (HV4)

X

s
H

lest*

Class 111 - M'ued

ii
s
H

lest*

1.66
0.9S

27
*.c

land Cover

0 52
0 48

42
b

0 2)
0 2 )

27
a

Watersheds:

0.10
0.09)

42
a

2 51
2 1)

2)
a

fishing

0.89
0.86

42
a

1 03
OSS

21
a

Creek (HYS).

0.36
0.24

42
a

1 12
1.24

Zl
a

Hunting Creek

0 23
0.40

42
a

0 12
0.065

2?
a

(HY6). and

0.043
0.070

42

a

0.12
0.18

21
*

CVens Creek

0.036
0.063

42
*

21
28
27
a

(NY))

9.6
8.1

42
a

402
4B0
27
a

116
201
42
a

29.900
25,500

12
a

1.280
18.400

20
a

14.400
13.600

12
a

1.360
2.540

20
a

Class IV Single Land Use Watersheds: Schwartibeck (HYB). Startuugh (HY9). and Divers (KV10) farms

X

s
N

lest*

2.95
2.12

33
c

Probability of Accepting the

One-way AtMVA
Kruskal-Wailis

ANOVA

Median t e s t

i.OOl

i.OOl
i.OOl

3 31
4.84

33
b

25.1
33.2
33

b

Null Hypothesis of

i.OOl

i.OOl
i.OOl

i.OOl

i.OOl
i.OOl

i n
9.12

33
b

Differences Among

i.OOl

i.OOl
i.OOl

6.61
6 06

33
b

Watershed

i.OOl

i.OOl
i.OOl

2.02
2.78

33
b

Classes Using:

i.OOl

i.OOl
i.OOl

1 • ?
0.97

33
b

i.OOl

i.OOl
i.OOl

125
too
33
b

t.OOl

< 001
i.OOl

1.860 1.0)4.000
1.610 3.247.000

30 19
b a

i.OOl 0.

i.OOl i .
i.OOl i .

638.000
1.663,000

19
a

19 0.16

001 i.OOl
001 i.OOl

'lest—Values labeled by the same letter are not signilicantly different fro* each other at the 95 percent confidence level (i.e.

Hypothesis Is rejected en a two-tailed test of the *eans at •> «0.05).

the Null
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Nitrite »
Nitrate

(Dissolved)
(as N)

Class 1 - Hainstom Stations:

ii
s
N
lest*

1.78
0.80

2)
a

Jug Bridge

0.25
0.15

21
a

Kjeltlilil
Nitrogen
(total)
(as N)

(HVI) and

2 49
1.93

21
a

Kjelddlil
Nitrogen

(Dissolved)
(as N)

Bridgeport

067
0.35

21
a

total
Phosphorus

(total)
(as P)

(HY2)

0.98
0.91

2}

a

lotal
Phosphorus
(Dissolved)

(as P)

0 21
0.095

21
a

Orttto-
Phosphate

(Oissolvcd)
(*s P)

0.16
0.086

21
a

lotal
Organic
Carbon

lotal
Suspended
Solids

lota I
Col i forms

fecal
Gjlifoitiii

19
18
2}

a

2/6
3/2
11
a

39,900
46,200

15
a

12,800
20,100

IS
a

Class II - Major Agricultural Watersheds: Big Pipe Creek (NV3) and Bennett Creek (11*4)

X
s
N
lest*

1.86
0.95

27
M C

0.2)
0.2)

2)
a

2
2

2)
a

.51
I)

1.03
0.55

2}

a

1
1.

21
a

12
24

0
0

21
a

.12
065

0.
0.

2!
a

12
18

21
28
21
a

402
480

2)
a

29.900
25.500

12
a

14.400
13,600

12
a

Class 111 - Nixed land Cover Watersheds: Fishing Creek (HV5), Hunting Creek (HY6). and Owens Creek (Mr/)

X

s
N
test*

0.52
0.48

42
b

0.
0.

42
a

10
09}

0.89
0.86

42
a

0.36
0.24

42
a

0.23
0.40

42
a

0.043
0.070

42
a

0.036
0.063

42
a

9
8

42
a

6
I

116
20!
42
a

1,280
18,400

20
a

1.360
2,540

20
a

Class IV - Single land Use Watersheds: Schwartibeck (HY8), Stantiaugh (KV9). and Divers (UNO) Farms

X
s
N
Test*

2.95
2.12

33
c

Probability of Accepting the

One-Kay AMOVA
Kruskal-Wallis

ANOVA

Hedian l e s t

(.001

<OOI
<.OOI

3 31
4.84

33
b

25.}
33 2
33
b

Null Hypothesis of

<.00l

<.00l
<.00l

<.00l

<.00l
<-00l

).I2
9.12

33
b

Differences Among

<-00l

<.00l
<.00l

6 61
6 09

33
b

Watershed

<.00l

<.00i
< 0 0 l

2.02
2 ) 8

33

b

Classes Using:

<.00l

(.001
<-00l

I I I
0.9}

33
b

<.00l

<00l
<-O0l

125
100
33

b

<00l

€.001
i.OOl

1.860 1.0)4,000
1.610 3.241.000

30 19
b a

<OOI 0.

<.ODI <•
i.OOl <.

638.000
1.863.000

19
*

19 0 .

001 <-
ODI <-

16

00 i
001

•lest—Values labeled by the sane letter are not significantly different *ro« each other at the 95 percent confidence level |l.e.. the Hull
Hypothesis is rejected on a two-tailed test of the weans at p <t.O5).



QUAllfAIIVC SUMtMV Of DIFFERENCES IN CONCCNfRAT IONS OF CONSTITUENTS fiEIWEEN BASE HOWS AMD SIORH HOWS

Site

Nitrite *
Nitrate

(Dissolved)
(as N)

A M M O I a

(Olssolved)
(as N)

Kjetdahl
Nitrogen
(Total)

KJeldahl
Nitrogen
(Dissolved)

(as N)

Total Total
Phosphorus Phosphorus
(total)

Orlho-
Phosphate Total Total

(Dissolved) (Dissolved) , . l ", . * Coli»or»i Col»fo»»j
. . . . . Carbon Solids
(as P) (as P) (as P)

Nonocacy River at Jug Bridge o

Monocacy River at Bridgeport o

Big Pipe Creek o

Bennett Creek o

fishing Creek •

Hunting Creek o

Owens Creek o

Stanbaugh Farm o

Divers Farm o

o o o

0 * 0

• • •

• • •

o o o

0 * 0

o » o

• •• •

• • • • » - »

•

••

o

o

o

0

0

•

o

o

o

•

0 •

0 0

o o

* *

o o

o o

0

• ••

44 4

o

44

•

*

4*

••

••

4*

44

44

44

4

4

44

4

44

4

• 4

44

'.*

44

O

44

4

44

4

*Schwartibeck Far* is not shewn because only one base Mow sanpic was obtained at that site, insufficient to represent met* constituent concentrations.

Notes:

» = Concentrations »r§ wtthla a factor of 3 ef each other.
4 = Stora flaw concentrations higher by a factor of 3 or greater.
44 = Stora flow concentrations higher by *n order of Magnitude or greater.
- = Stom flow concentrations art lower by a factor of 3 or greater.



MAJOR FINDINGS
Water-quality conditions were worse at the farms

• The concentrations of most of the nutrients and the
coliform bacteria were higher in baseflows than from mixed
land-cover sites.

• Total and fecal coliform counts were highest during autumn
storms possibly due to the timing of cattle grazing in open
pasture versus lot feeding.

• Loadings of nutrients were extremely high during heavy
springtime storms. Loading increased exponentially with the
size of the storm.

• The impact of storm runoff on in-stream water quality was
severe locally but declined downstream.

• The Monocacy River accounts for 35% of the particulate
phosphorus, 25% of the particulate nitrogen, 20% of the
soluble phosphorus, and 10% of the soluble nitrogen in the
Potomac River just above Washington, DC.



LOADS OF CONSTITUENTS FROM THE MQNOCACY RIVER AND
IN THE POTOMAC RIVER AT CHAIN BRIDGE

Loads in Metric Tons
Constituent

Particuiate Phosphorus**
Soluble Phosphorus6

Particulate Nitrogen6

Soluble Nitrogen6

Suspended Sol ids

Monocacy River

662
123

1.460
2,008

1.47 x 10s

Potomac

1

5
23

1.63

River3

.860
680
,460
.600

x 106

a0ata from Metropolitan Washington Council of Government
(1984); loads for 1983.

^articulate Phosphorus = Total Phosphorus (Total) -
Total Phosphorus (D-Issoived)

Soluble Phosphorus = Total Phosphorus (Dissolved)
Particulate Nitrogen = Kjeldahl Nitrogen (Total) -

Kjeldahl Nitrogen (Dissolved)
Soluble Nitrogen = (Nitrate + Nitrate) + Kjeldahl

Nitrogen (Dissolved)

CU.S. Geological Survey measurements for Water Year 1983.



APPROXIMATE ANNUAL LOAP IN METRIC TUNS I TONNES)

NITRITE ft NITRATE

AMMONIA IOISSOLVEOI

KJELOAHL NITftGEN ITOTA1I

KJELDAHL NITROGEN %u- SOLVED)

TOTAL rMOSFHOHUS ITOTALI

JOTAL FHOttHGRUS (DISSOLVEO)

OBTHOtHOirjMTE I0IMOLVEO)

*
1 1 I l l l l l

i §
f 1 1 1 I 1 i 1

1

^^

1

1

I

u

1 1
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RECOMMENDED BEST MANAGEMENT PRACTICES

• Restrict livestock access to streams and drainage channels
to reduce coliform counts at baseflow and reduce erosion.

• Provide grass buffer strips along stream banks to reduce
bank erosion and to slow and filter sheet runoff.

• Control runoff from feedlots, cattle loafing areas, and
manure storage areas to reduce coliform, organic nitrogen,
and organic phosphorus loading during storms.

• Plant winter cover on cultivated areas to reduce erosion
and runoff of manure from frozen or bare ground during
winter and early spring storms.



OVERSIGHT OF THE IMPLEMENTATION
OF ENVIRONMENTAL LAWS

BY THE
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Presented at the
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September 16, 1991
Lublin, Poland

Abstract - This presentation will review American constitutional
history and legal precedents concerning the power of the
legislature to obtain information from the executive branch of
government. This background will serve as a basis for exploring
the importance of legislative oversight in assuring the effective
implementation of environmental laws in the United States.

Particular emphasis will be focused on oversight of the
United States laws governing the disposal and cleanup of
hazardous wastes during the past decade. These laws include the
Resource Conservation and Recovery Act and the Comprehensive
Environmental Response, Compensation, and Liability Act
(Superfund Act).

The presenter will emphasize that the benefits of enacting
environmental legislation may be limited unless the legislative
branch of government exercises its authority to secure
information from the executive branch about the details of
enforcement and administration of such laws.
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INTRODUCTION

More than 100 years ago, my father's grandparents came to
America from Poland. It is with great pleasure that I return
here to discuss with you the importance of strong democratic
institutions in achieving environmental protection. It is clear
that the resolution of environmental problems requires technical
know-how as well as effective governmental institutions.

Commentators have stated that "the stifling of information
and public participations under communism... allowed the former
governments to achieve economic goals without regard to their
ecological consequences." In contrast, access to information by
the Congress, environmental groups, and the news media has been a
major force in spurring environmental initiatives in the United
States during the past 25 years.

THE LEGISLATIVE POWER
TO OBTAIN INFORMATION

FROM THE
EXECUTIVE BRANCH OF GOVERNMENT

In particular, I would like to underscore the significance of
access to information of the executive branch by the legislative
branch in the American system of government. In the late 1780's,
the authors of the United States Constitution drafted a plan of
government, which was characterized by its separation of powers
into three parts — the executive branch, the legislative branch,
and the judicial branch. Under this system of government, the
legislative branch, which includes 435 Members of the House of
Representatives and 100 Senators, is vested with various powers,
including the power to write all laws, to regulate interstate and
foreign commerce, to levy taxes, and to determine how tax
revenues will be spent. The powers of the executive branch are
vested in the President of the United States, who is charged with
the responsibility of executing the laws enacted by the
legislative branch. The judicial branch of government has the
responsibility to interpret the laws.

Ward, Bud, "Environmentalism in America," The Environmental
Jorum, July/August 1991, p. 26.
"The Constitution o:
'id.. Article II.
Id., Article III.

"The Constitution of the United States, Article I.
,Id., Article II.
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The American system of government offers important lessons
for those interested in achieving improvements in environmental
quality. The separation of powers between the legislative and
executive branches of government provides an important check on
the ability of the President and agency officials to hide
information from public view about environmental problems and
about the administration of environmental laws.

In the United States, the legislative power has been
construed to include the power to obtain information from the
executive branch about the administration and enforcement of
laws. This so-called "investigatory power" includes the power
of a Congressional Committee to compel the production of
documents from an environmental agency or department and the
power to compel the testimony of officials of such agency or
department.

The Congressional power to obtain information from the
executive branch is an extremely important tool in gathering the
data necessary to write effective environmental laws and to gain
public support to approve such laws. Congressional access to
information from the executive branch also is essential to assure
that environmental protection laws are fully implemented and
enforced and are not simply empty words on paper.

Over the years, I have heard and read testimony presented to
Congressional Subcommittees by officials of numerous government
agencies, including the United States Environmental Protection
Agency, the agency that administers most U.S. environmental laws.
Generally, the testimony of these officials emphasizes the
accomplishments of the agency and its success in carrying out its
statutory mandate. Yet, often the reality is that there are
numerous deficiencies in the implementation of the law under
review — the agency budget may be totally inadequate to achieve
the goals set forth by the Congress, the agency staff may have
insufficient training to perform their jobs effectively, and the
senior officials may have failed to provide strong leadership.
Sometimes, agency officials even testify that "all is well" at
the same time that Congressional mandates have been subverted by
corruption or political manipulation.

The challenge for a Congressional Committee or Subcommittee
is to bring the true facts to light about how current laws are
working or where new legislation is needed. In some cases,

5Watkins v. United States. 354 U.S. 178, 197 (1957). McGrain v.
DauqhertV, 273 U.S. 135, 174-75 (1927).
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testimony by private citizens, environmental organizations, or
industry groups may fill key gaps in information. However,
unless the Committee uses its investigatory tools effectively,
critical information often will be shielded from public view.
For example, executive agency documents may be the best source of
information about the types of hazardous wastes disposed at
various industrial facilities and the severity of the problems at
such facilities. Without such information, the legislature will
have great difficulty determining what actions are needed to
protect public health and the environment.

Similarly, a Committee may discover that an agency has failed
to take actions required by law. However, the Committee may not
be able to determine the real reason for this inaction unless it
reviews various documents transmitted between agency officials
and questions relevant officials with the benefit of the
information contained in such documents. Is the law in need of
change or was the law subverted because of a bribe to a
responsible agency official? By using its investigatory tools,
the Committee can answer important questions like these.

However, it can be expected that any aggressive Congressional
Committee will sooner or later be met with resistance in its
demands for information from an executive agency. Such
resistance might be caused by the fact that the requested
information is embarrassing because it shows mistakes by senior
agency officials. In other cases, the agency officials may even
be trying to hide documents which contain evidence of criminal or
unethical conduct.

In such cases, a Committee must be prepared to compel the
production of documents and the testimony of agency officials by
voting to support the issuance of a subpoena. If the agency
official fails to comply with a subpoena, the Committee must be
prepared to hoid the official in contempt of Congress and to
support criminal prosecution of the recalcitrant official.
Similarly, if an agency official presents false testimony to the
Committee, the Committee must be prepared to recommend criminal
prosecution under the federal perjury statute.

If a Committee does not respond forcefully to a recalcitrant
agency, it will often find that its requests for information are
not taken seriously in the future. On the other hand, if an
agency learns that delays and denials of information will be met
by a subpoena and a credible threat of prosecution for contempt,
then its cooperation is generally forthcoming.

I have personally had the good fortune to work for a
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Subcommittee led by a Chairman, Congressman John 0. Dingell, who
will not tolerate recalcitrance by agency officials. In 1982,
when former President Reagan directed the Administrator of the
Environmental Protection Agency to withhold documents from the
Congress concerning the Agency's hazardous waste cleanup program,
the Subcommittee voted to hold the Administrator of the U.S.
Environmental Protection Agency in contempt of Congress. Several
months later, the public outcry occasioned by this action forced
the Administrator to resign, and the Subcommittee received all of
the previously withheld documents.

In 1983, when it was revealed that another senior official of
the Environmental Protection Agency had submitted a false
statement to the Subcommittee, the Subcommittee referred the
matter for criminal prosecution. The official ultimately was
found guilty of obstructing the Subcommittee's investigation and
served six months in prison.

These actions in the early 1980's have greatly facilitated
the Subcommittee's ability to exercise its investigatory
authorities effectively during the past ten years. Cooperation
by the Environmental Protection Agency in providing access to
documents and agency officials has been spurred by the forceful
response of the Chairman of our Subcommittee when confronted with
the Agency's resistance.

It is clear that some of the progressive leaders in the
Soviet Union and the emerging democracies understand the
importance of this Congressional authority to obtain information
from the Executive Branch of government. For example, Sergei
Stankevich, a member of the Soviet Congress of People's Deputies,
stated in May, 1989 that:

Right now, the executive branch of government is still
everything in this country, and the legislature is window
dressing. The executive has control over all
information, and they can either hide it or manipulate it
as they choose. But with subpoena power, we can
investigate them. We can force them to give us
information. And we should have strong penalties for

Investigation of the Environmental Protection Agency: Report on
the President's Claim of Executive Privilege Over EPA Documents,
Abuses in the Supecfund Program, and Other Matters, Subcomm. on
Oversight and Investigations, Comm. on Energy and Commerce,
United States House of Representatives, 98th Cong. 2d Sess.
(1984), Comm. Print 98-AA, pp. 6, 263.
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withholding material or giving false testimony.

In summary, I believe that effective use of Congressional
investigatory powers can play an important role in furthering
environmental protection.

Remnick, David, "Mr. Stankevich Goes to Congress In Both Moscow
and Washington,1* The Washington Post, May 24, 1989, pp. Ai and
A18.
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ABSTRACT

Results of five years studies on pollutants migration in area
of teczna-lakes are discussed.

INTRODUCTION

In the literature dealing with accumulation and translocation
of pollutants in the environment, of main concern are phenomena
ocurring in selected components of the environment (air-water,
water-soil, water-sediments, soil-plants, selected plant and animal
species) in the given area. The usual objects of studies are: the
river, lake or water reservoirs, a partial catchement basin, a
selected species or a group of species, a definite cultivation area, a
selected urbanised area or its part [1], There are a large number of
papers concerning the content and circulation of pollutants inside a
single ecoszstetn; those dealing with accumulation and translocation of
pollutants in differentiated polzecoszstemic configurations, in the
ecological landscape of physiocenoses are much less numerous [2, 3,
4]. This paper presents a preliminary account concerning the
accumulation and translocation pathway^ of selected chemicals in
physiocenoses on the margin of two physiographic micro regions (Fig.
1).

The development of a new large industrial center (the Lublin
Coal Basin) in areas of very high ecological values, with traditional
agriculture and fast developing recreation facilities, causes
significant changes in environment and in the economy of this region.
An examination of the processes of accumulation and translocation of
pollutants may contribute to:



a) developing of the theory of functioning of environment in from the
landscape view;

b) the estimation of the degradation rate of the region's values;
c) the development of methods of reducing negative phenomena.

METHODS

Studies of the content of pollutants were carried out at nine
main sites spatially situated in three transects (Fig. 1):

Transect 1 : 1 - Upper Swinka river (region of the village Stawek)
2 - Middle Swinka river (region of the village Albertow)
3 - Lower Swinka river (region of the village Brzeziny)

Transect II: 4 - Bagno Bubnow (Bubnow Marsh)
5 - Sumin Lake (region of the village Grabniak)
6 - Piaseczno Lake
7 - Rogozno Lake

Transect H I : 6 - Piaseczno Lake
8 - Nadrybie Lake (region of the village Nadrybie)
9 - Bogdanka (waste-dump, reservoir a mine waters and

mearley fields)
3 - Lower Swinka river (region of the village Brzeziny)

At each site two to six measurement points were established at which
the content of pollutants was analysed in the following components of
the natural environment: air, water, lakes and rivers sediments, soil,
peat-land, water, meadow and field plants. In the Piaseczno lake
additional studies were carried out on: phytoplankton, zooplankton,
zoobenthos and fish. Besides the main objects, several scattered,
sumpplementary measurement points were established, at which the
selected pollutants were analysed to obtain some background
informations.

At the sites the following were analysed;
I) manganese, iron, nickel, copper, zinc, cadmium and lead
II) in air: the total content of dusts and sulfur and nitrogen oxides
III) in water: bicarbonate, carbonate, phosphate and chloride ions
IV) in soil and plants: total nitrogen, nitrates and sulphates.

In addition pH was measured at various depths in water
reservoirs and soil profiles.

Systematic meteorological observations (ttnperature, wind
force and direction, and precipitation were determined).

Basic measurements of the content of pollutants were carried
out in all components of the environment three times a year, in
different periods of the vegetation season, i.e. in April, July and
October. Some components (e.g. air and water) were examined every
aonth. Although some of measurements were made in 198*7, the main study
was undertaken in 1988-89. In this way data were collected for the
spatial and temporal-seasonal (over 1987-89) variations the pollutants
in different components of the environment.



Fig. 1. Characteristic of the invest igated area

1 - Location of the investigated area, Poland

2 - Location of the invest igated area on a phisical-

-geographical regions.

3 - Location of the investigated sites and transects in the

ecological lanscape:

a - lakes, b - forests, c - canals, d - forests,

e - peatabogs, f - grasslands, g - urbanized area,

h - main roads, i - investigation points (sities),

k - transects.



GENERAL INFORMATION - STATUS QUO AND AN ATTEMPT
TO DETERMINE CAUSES OF POLLUTION IN THE AREA STUDIES

The environment of all areas studied is characterized by
moderate pollution with most frequently encountered noxious
substances. In the air, SO concentration did not exceed the

admissiable standards, however an increased content of nitrogen oxides
is observed. In 2V, of cases it was found that the highest admissible
concentrations were exceeded. The mean annual concentrations exceed
the standards for the specially protected areas. Thus, nitrogen oxides
should be recognized as the main gasous , pollutant of this area (6].
Excess of the highest admissible standards for dust was also found in
27. of cases. However, the mean annual values of dust precipitation in
1987/89 are not significant, and never exceed the admissible values
for the protected areas.

The content of heavy metals in dusts suspended in air did not
exceed the admissible standards. Concentrations of Zn, Pb and Cd were
locallz close to these values (the Rogozno and Glebokie lakes). The
relatively lowest content of heavy metals in the air occurs in the
region of the Sumin lake, and piobaly of the Bubnow Marsh. There are
data suggesting that the content of Ni, Zn and Pb in the air laregely
results form industry in the Lublin Coal Basin [6].

Pollution of waters with noxious substances is not uniform. The most
significient pollution of shallow underground waters is from nitrogen
compounds. The content of nitrates in the waters of farm wells (5-10 m
depthl exceeded the admissible standards and sometimes reach 400
mg/dm . In almost all wells the occurrence of nitrates and ammonia
ions high concentration was found. It can be considered as persistent
and potentially hazardous, contamination of these waters. This
pollution is the result of agricultural chemisation and of a very poor
sanitary conditions of many farms [7]. Over the decade 1979-1989 the
number of polluted wells has increased.

Considerable, but not alarming is the pollution of surface
waters. In the Swinka river, below the influx of mine waters, the
admissible concentration of chlorides was found to have been exeeded
several times.

Above the sites of mine water influx, most parameters of the
Swinka river water are included in Class III of purity. The E.coli
titer is periodically exceeded.

The Wieprz-Krzna canal flowing across this area carries
waters comin from the upper part of the Wieprz river-basin which is
intensively used by agriculture. These water are periodically included
in puritz class III or even below. Th«y are loaded with high
concentrations of phosphate, nitrate and copper ions.

The purity of lake waters depends on many factors: the lake
genesis, character of the bed, the size and form of the basin and the
way the catchement is utilized.

A realitvely low content of heavy metals is present in the
waters and sediments of lake Sumin. In lake Piaseczno high
concentrations are reached by Pb, Cd, Fe, and low values by the other
trace elements [8].



High values of a number of pollutants also occur in the lake
which may be related to recreational activity. However, lake

Nadrybie is the most polluted due to mixing with strongly polluted
waters of the Wieprs-Krzna canal system. The peat vegatation growing
around the lake Nadrybie accumulates the pollutants contained in water
from the canal; accumulation also occurs in the bottom sediments.

In the soils of the areas studied low content of heavy metals
is generally recorded, and are determined by the texture and pH of
soil. These pollutants are leached more easily in acid soils. The
soils cultivated in this area are strongly acidified. At most
measurement points the PH < 4.S (Stawek, Albertow, Sumin, Piaseczno.
Nadrybie. Bogdanka). At the others it ranges from 4.S to 5.5. With the
profile depth of soil pH gradually increases, reaching 4.8/5.8 at a
depth of 60-80 cm [9], Such strong acidification is attributed to the
action of fertilizers and leaching of more alkaline fractions. Due to
our calculation, in this region nitrogen fertilizers may cause a
stronger acidification of the environment than S0_ coining from

precipitations. Such a strong soil acidity is in contrast to the pH of
water in all streams and lakes, the mean value of which is 7.1/8.0
(extreme values 6.6/8.4). Comparison of pH varibility in the lakes
waters over the three last decades, shows any acidification (see Table

The resistance of lakes to acidification is caused by
neuralizatien of limestone from the bed, and in lakes of karst origin,
such as Piaseczno and Rogozno - by the predominance of underground
waters supply over that from the catchment basin.

Table 1. Variation of pH of waters over many years and seasonal in
selected lakes of the Leczna-Wiodawa lake district

1 * 1

Sr:«:;c:no

, c 3 6 : .

Surijce

i t the nonet

at the Sottci

i t the lo t to

3,0

',0

7.0

6,5

6.4

6 . :

RJV i v

a,d

6,9

6,6

"av ! J 3!

5,9

4,7

6/

6,2

lay ! :5°

4,3

3.1

7J

1,\

a, a



Among the pollutants accumulated in plants, the most
important are; Pb, G<1, 2n, Ni and Hn, Their accumulation is a good
contamination index of the environment. An excess of admissible
standards of nickel were found in cabbage and potatoes grown in the
region of Albertow, Nadrybie and Bogdanka. An excess of zinc occurred
in clover at Bubnow and Albertow, and in cabbege at Albertow. In
cultivated plants from the Piaseczno region the content of Pb and Cd
was high. High concentrations were also reached by Cd at Bubnow and
Albertow [10].

2n accumulation in all plants examined reached a toxic value.
A particularly increased 2n content was found in cultivated plants
collected in the region of Bubnow (clover, rye grains) and Albertbw
(clover and cabbage).

Mn content in rye grain at Piaseczno was toxic, and it
exceeded the admissible standards at Bubnow, Sumin, Albertow and
Nadrybie, In potatoes Mn content was on the level of the admissible
nutritional standards [101.

The content of N-NO in the plants examined was on the whole

low and did not reach the admissible standards. Similarly, S-SO in

the biomass of the plants examined accounted for optimal supply with
this element.

The content of heavy metals in fish was studied at Piaseczno
and Bogdanak. A high content of Zn, Cu, Hn and Pb was found in the
seletons and muscle of fishes in Piaseczno la'ce, Pb and Zn
concentrations Increasing in 1989 in comparison with the previous
years.

In the reservoir of mine waters at Bogdanka a high
concentrating Zn in fishes was found (81.

Summing up the introductory survey of the pollution state in
the particular components of the environment of the area studied, it
should be noted that:

1. Host pollutants of waters, soils and cultivated plants come from
agricultural activity and inproper sanitary conditions of farms,
reaching in some regions values dangerous for man's health (Bubnow,
Albertow).

2. However lacustrine ecosystems show a naticable stability of pH in
contrast to the soils undergoing considerable degradation.

3. Tourism plays, a significant role in environment pollution in the
region of Piaseczno and Rogozno lakes (lead depossition, fecal
reasidues).

4. Air pollution is small or moderate.



FRE1IMINAKY CHARACTERIZATION OF ACCUMULATION
ANU TRANSLOCATIQN POLLUTANTS IN THE LANDSCAPE

It could be apriori assumed that the distribution of
pollutant concentrations in the environment is approximately
proportional to the square of the distance from main emiters.

However an analysis of the data obtained has already shown
that such an assumption is not. valid. The spatial distribution of
concentrations of various pollutants - particularly heavy metals - in
the particular components of the environment shows a large variations
(see Figs 2-6).

The accumulation of heavy metals in area investigated occurs
largely in lakes and peat-lands. Pollutants are deposited from the air
and leached from the surrounding light and acid soils. Pollutants
introduced into field and meadow ecosystems from the air, and by
agriculutral activity are partly removed together with harvested crops
every year.

Pollutants deposited from air can be accumulated to a larger
extent in lakes, peat-lands and forests, due to a generally lower air
temperature and a higher humidity over a sheet of water, which favours
precipitation of dusts. It is so, however, only during days with a
smal wind velocity.

The prlcipal role in pollution of cultivated areas is played
bz agricultural activity, the influence of which in the area studied
seems to be bigger prodominent.

In the area analyzed, the spatial distribution of pollutants
in the countryside reflects to a larger extent the ecological
structure of landscape. It is less depended from the distance of
sources of pollutants and the geometry of the catchment basins system.
This finding seems to be a significant modification of the model of
Pelerman*s landscape geochemistry [11], who considers surface and
underground flow (water migration) as the main factor for the
transport of chemicals in the landscape.

Spatial differentiation of pollutant concentrations also
depends from the structure of the particular sites studied. In a
stagnant reservoir (e.g. lakes Piaseczno and Sumin) the interpretation
of the results is difficult and it might require further studies on
population and ecosystem ecology.

In a reservoir with flowing water (e.g. Rogozno lake) the
interpretation of the water pollution data shows existance
biologic-hzdrochemical homeostasis of the lacustrine system. The
listing of the data obtained from analises of samples taken from a
water-course flowing into Rogozno lake, a water-course flowing out of
the lake and from the depths of the lake, shows, that despite the
agricultural and tourist activities, the amount of nutrients and other
chemicals reaching the lake is still in range of self purificating so
the biologic-hzdro-chemical system of the lake is realtively stabile,
chemicals reaching the lake are intercepted by organisms and deposited
in its bottom [7!. The Rogozro lake waters have low salinity.



Fig. 2. Heavy metals in surface waters.



Fig. 3. Heavy metals in sediments.



Fig. 4. Heavy metals in soils.



Fig. 5. Heavy metals in mosses.



Fig. 6. Heavy metals in reed (Phragmitcs).



The content of pollutants in the particular components of the
environment is variable with time. The results allow us o find more
regularity in seasonal variation than in that occuring over a few
years (see Fig. 7)[13).

In the air, much higher SO concentrations were found in

winter than in summer, which results from buring much higher amounts
of coal for heating in winter.

Maximum concentration of nitrogen oxides occur in May and at
the beginning of June, (i.e. in the period of the highest activity of
the plant cover and intensive fertilization) and, to a lesser extent,
in September [6J. This can be caused to some extent by decompostion of
nitrogen fertilizers used, and possibly also by the action of
denitrifying bacteria in gleyed soils.

In the water and sediments of Lake Piaseczno and Boogdanka
resevoir, a spring increase in the content of most metals,
particularly Zn and Fe is observed [8].

A distinct seasonal variation of the content of heavy metals
is observed in plants. It is the highest in the early development
stages (April-June) [10] (see Fig. 7).

Increased pollution of the environment with heavy metals,
particularly Mn, Cd and Ni generally found In 1987, In comparision
with 1986. After 1997, a tendency of Cu content to decrease more
distinctly was observed, however, Pb and Ni concentrations Increase.
Mn and Fe values oscillate considerably, but only Cd slightly. The
increase of Pb and Ni concentrations can be interpreted bz their air
distribution from emitters and mine waste-dumps of the Lublin Coal
Basin [6], Moreover, lead comes mostly f->om traflc. A distinct
increase of its concentration is observed in areas with intensive
tourist activity of Piaseczno and Ftogdzno lakes.

FUNTIONAL (PHYSIOLOGICAL) ASPECT

Individual animal and plant species are characterized by the
ability of selective accumulation of pollutants. Several species were
identified which strongly accumulate one or several heavy metals. Lead
is most strongly accumulated by mosses. Its high content is also found
in Urticularia vulgaris L., Ranunculus linqua L., Potamogeton natans
L., Myriphyllum verticillatun L.
Manganese is most strongly accumulated by Potamogeton natans L. It
reaches high values also in Elodea canadensis Rich., Myriophyllum
vericulatum L., Urticularia vulgaris L., Ranunculus linqua L. The
highest iron concentrations are found in Acorus calamus L., Phragmites
conuunis Adans., Stratiotes aloides L., Myriphyllum verticulaturn L.
Nickel is accumulated most strongly in Ranunculus linqua L. Among the
cultivated plants the highest concentrations of pollutants are found
in cabbage leaves (Mn, Fe, Ni, Cd. Pb). Very high concentrations of
heavy netals occur in potato stalks; in bulbs concentrations are much
smaller.

Several times higher concentrations of heavy metals than in
mcrophytes are found in phytoplankton. This concerns particularly Fe,
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Fig. 8. Proposed Polesie National Park and its protected zone.



Cu and 2n. For these elements phytoplankton is the gighest
bioaccumulator [31. Due to these properties plankton algae are one of
the most significant factors regulating the level of these metals in
water. They affect the level of sorption of these metals by other
organisms and their toxicity.

In zooplankton, higher concentrations of Pb, Cu and Cd are
found, as compared with phytoplankton. In Piaseczno lake, these
concentrations in zooplankton are l.S/4 times higher.

The concentrations of pollutants found in zoobenthos are
similar to their content in bottom sediments, which suggests that
sediments are the main source of pollution of benthos invertebrates
18].
The intensitz of the uptake of Mn, Fe, Ni and Cu is significantly
affected bz the habitat conditions (e.g. moisture, soil and water pH
and others). Increased pH and drought favour the accumulation of these
metals. Vlhile elevated Pb and Zn concentrations in plants rather
reflect their content in the air.

There is known the phenomenon of synergistic and antagonistic
reaction of metal ions in plants and animals [1]. In studies of
pollution in the Lublin Coal Basin symptoms of such antagonism were
found with regard to the content of Mn and Fe in fish organisms in
Piaseczno lake and Bogdanka reservoir, as well as analogous
relationships; between water and sediments.

Moreover, in Piaseczno lake bottom sediments symptoms of
antagonism between Zn and Cd were found [8] (see Table 2).

Table 2. Relations between the content of Zn and Cd in Piaseczno lake
bottom sediments In 1987-89

Pollutant

Yn

Cd

Average pollutant

1987

177

0,6

concentration

1988

586

0,2

in MI/g of dry weight

1989

23

1

A similar regularity was found in water. This antagonism, however, was
not observed in papulations of phytoplankton, zooplankton and
zoobenthos.

REMAKRS

An analysis of the results obtained, made with respect to
space, tine and function, indicates indispensable continuation and
extension of the studies, modifying the selection of objects and
points of investigation. In the transects established so far,
investigations should involve several other objects, above all: Oiugie
lake, Moszne lake, Ourne marsh, Usciwierz lake, Brzeziczno lake
Jointly with the surrounding forest complex, the forests in the region
of Cycow and Puchaczdu and the Swinka river valley near Cycow. Much



can be expected from establishing a new investigate on transect
extending from Bubnow marsh and §wiers?,czow lake, aerosn the upper
Wlodawka river, peatland and the residues of the Woskie lake to the
Wytyckie lake and the middle part of the Wlodawka river. This system
of fluxional character comprises a number of ecologically different
sities utilized differently, yet functionally closely connected. In
the continued studies the river continuum theory may be applie (12).
Increasing the number of objects and measurement points, some of the
present points as well as the study of some plant species can be
abandoned, concentrating on 4-5 indicator species. It would be
advisable to study in selected objects - the ecology of population of
phytoplankton with regard to its ability to regulate the content of
heavy metals in water reservoirs.

Preliminar works on the utlization of the obtained results of
studies in practice have already been started. The results of
pollutants content analysis and the evaluation of the degree of
horoeostasis of the lakes studied will be utlized in works on
estimation of the natural touristic capacity of these lakes. They will
also be taken advantage in planning the spatial management of the
Chela district and in studies of the environment protection and
recreation development in planning the spatial am&ngement of the
functional area of the Lublin Coal Basin.

Works on detailed planning protection of the environment of
the area of Piaseczno-Brzeziezno lakes have also been started.

The set up measurement points and the gatered data can be
used for a monitoring of the ecosystems of the Polesie Lubelskie
region, particularly of the area of the proposed Polesie National Park
and its protected zone (Fig. 8).
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FIGURE CAPTJONS

R g 1 C. 'M.- .kr t 'nsI ii- ot the invest lotted .irea

) - Loc.it ion of the invest igated area, Poland

2 - ioc.it ion of the invest 1 gated area on a phi •?iial-

- ;,vo^r aph i c<i 1 reg i ons.

.' - Location of the investigated sites and transects in tht*

eco I .it'2 ca I lanscape:

.i - .'ake's, fc> - forests, c - canals, d - forests.

e - peatabogs, f - grasslands, g - urbanized area,

h - main roads, i - investigat ion points (siticsK

k - transects.

Fig 2, Heavy metals in surface waters.

Fig. 3, Heavy metals in sediments,

Fig. 4. Heavy metals in soils.

Fig. 5. Heavy mvtals in mosses.

Fig. 6. Heavy metals in reed (Phragmites).

Fig. 7. Heay metals in biological sample-

Fig- 8. Proposed Polesie National Park and its protected zone.



COMPARISON OF HANBY FIELD TEST KIT PROCEDURES FOR

PETROLEUM CONTAMINATED WATER AND SOIL WITH FIELD AND

LABORATORY METHODS OF ANALYSIS

BY JOHN D. HANBY

HNU-HANBY



Since the introduction of the Hanby method for the analysis of

petroleum hydrocarbons in the fall of 1987 this extraction-

colorimetric technique has been found to be of great utility in a wide

range of environmental applications. The need for a simple, rapid

method for highly accurate quantitative analysis of petroleum

contaminated soils had become apparent with the mounting concern about

leakage from underground fuel and solvent storage tanks. It was the

discovery, in early 1980, of significant soil and groundwater

contamination from solvent storage tanks and thermochemical test sites

at NASA's LBJ space center in Houston, Texas, that prompted the

author's search for such a field method.

Well-established methods of analysis of organic contamination were

available in the laboratory. Certainly the close proximity of the

environmental laboratory at LBJ allowed for rapid analysis of drilling

core samples taken as the "plumes" of contamination were investigated

and sampling wells were established. Despite such facilitatory

arrangements, however, it was found that supposedly replicate core

samples displayed a disconcertingly wide range of analytical results.

Various measures were applied to both sampling and analytical

protocols in efforts to reduce the disparities with little effect.

Subsequently, a "best effort" approach to the task was adopted as

necessary to the resolution of the immediate, and fairly expensive,

concerns of monitor well emplacement.



Central to the problem illustrated by this scenario, which has no

doubt been repeated thousands of times in other settings, is the

extreme volatility of the analyte. In the case of water samples the

problem is due to the generally low solubility of petroleum

hydrocarbons in the aqueous phase. Soil samples, particularly during

each phase of collection, packaging, transport, and laboratory

preparation for analysis, are subject to disintegration at each step.

The adsorbed hydrocarbons are very prone to volatilization from the

high surface area of the soil matrix.

THE SOLUTION IS DISSOLUTION

The pasteurian principle of isolating and concentrating the organism,

or in this case, the analyte, is the key to the efficacy of this

method of analysis. The first step in sample handling involves

desorption or extraction of the sample with a solvent. Typically, a

five gram soil sample is placed, at collection, into a small beaker

with 10 ml of an alkyl halide solvent which is readily dispensed from

ampoules and which is generally miscible at all proportions with the

petroleum hydrocarbons of concern. This has the immediate effect of

containing the analyte in the solvent with the exception of the

relatively small amount lost to the atmosphere according to the vapor

pressure laws of substances in solution.

The second step in this field analysis is again performed rapidly and

simply. The sample is chopped and stirred with a spatula in the

beaker for two to five minutes. The time spent in this step is judged



according to relative physical consistency of the sample. On a recent

two-week expedition to the Alaskan Peninsula to evaluate the effect of

the March, 1989 Valdez oil spill on archaeological sites, the loose

consistency of the sandy samples only necessitated a brief stirring of

the sample. Other soils which contain large amounts of clay require

several minutes of careful stirring and "smearing" of the sample under

the solvent to insure a quantitative extraction.

The third step in this method involves the colorimetric development of

the analyte. In this step the solvent is poured from the beaker into

a test tube provided with the test kit. These test tubes are marked

at a fill level (4.2 ml) which allows a rapid pouring and measurement

of the appropriate aliquot of solvent from the sample beaker. The

fact that a consistent amount of extraction solvent is obtained at

this step provides for extrapolation of analytical results by dilution

techniques and for the use of variable amounts of sample, as long as

sample/solvent ratios are maintained. At this point a vial containing

one gram of a Lewis acid catalyst is opened and poured into into the

test tube. The test tube is shaken for two minutes assuring an even

distribution of the intensely colored Friedel-Crafts reaction products

which precipitate. The color produced is then compared to

standardized photographs prepared from results of different

concentrations of various substances, e.g., gasoline, diesel fuel,

PCB's, etc.



APPLICATIONS

The first introduction of the test kit saw its uses proliferate into a

wide range of field applications. Immediately, its applicability at

underground storage tank sites was apparent. Environmental

consultants responsible for insuring that appropriate clean-up levels

had been achieved prior to the installation of new tanks were quick to

appreciate this new tool. The on-site employment of vapor detection

instruments such as the HNU 101 photo-ionization detector was now

augmented with a method of analysis in situations where the volatile

components of the leak were no longer evident. The complementary

effect of a field analysis protocol in which vapor detection was

combined with an almost equally rapid soil extraction technique was of

obvious importance. The capability of assuring that a tank site was

clean down to levels as low as 5 or 10 (mg/Kg) meant that the new tank

could be installed with confidence that state required laboratory

tests calling for cleanup, generally to 100 TPH, would pass. Prior to

this, having crews and equipment wait for confirmatory lab tests, or

worse, going back to dig up newly-installed tanks drove costs

inordinately high. Many a small contractor and many a small service

station owner saw these costs drive them out of business.

Witlin months after the introduction of the test kit a series of major

inland and ocean oil spills made another use of this technique very

apparent. At the Ashland oil tank collapse in Pennsylvania in

January,1988, the Valdez tanker spill in March,1989, then two major



crude oil disasters along the Texas Gulf coast in the summer of '90

dozens of the test kits were put into use monitoring the levels of

dissolved petroleum in the water columns and along the affected

shorelines.. A corollary use for the test method developed in

laboratories performing analyses on environmental samples from these

incidents. It was found extremely helpful as a lab screening method

in a triage approach to sorting samples for analysis. That is,

samples which were quickly seen by the method to contain very high

levels could be diluted appropriately for gas chromatographic analysis

or even by-passed altogether. This proved to be extremely helpful at

the Ashland incident when quick decisions were necessary to know when

to allow water from the Monongehela into the drinking water treatment

facility. Extensive contamination of GC columns and GC/MS source

components were avoided with its use.

With the imminent development of color reading accessory

instrumentation to be used with the kit, much more compound

identification information will be provided with this technique.

Certainly the wealth of information supplied in this regard by

capillary column chromatography, the sensitivity and specificity of

photoionization, mass-selective and other detectors, and the other

powerful separative techniques will not be supplanted by this method.

It is obviously taking its place, however, in the array of

spectrophotometric techniques available to the analytical chemist.



COMPARISONS OF TEST KIT METHOD WITH GG TECHNIQUES

In a paper presented in July, 1991, at the EPA's Seventh Annual Waste

Testing and Quality Assurance Symposium a comparison study of this

extraction-colorimetric method with a purge and trap/GC technique was

described. This purge and trap method had recently evolved as the

result of research undertaken by the Midwest Research Institute and

eleven consultant laboratories for the U.S. EPA's Office of

Underground Storage Tanks. The research was directed toward finding a

"technically defensible method for the analysis of total petroleum

hydrocarbons". Several studies in this regard have been undertaken by

various private and public groups in the past several years. The

cause of the studies has been a chronic dissatisfaction on the part of

agencies, environmental professional organizations, and the concerned

industrial entities with the two primary EPA promulgated methods of

analysis for "TPH" in soil: 418.1 and 5030/8000. The 418.1 method

involves extraction of a soil sample with Freon 113 then quantitative

analysis by measurement of infrared absorption at the 2930 cm"1

frequency. The fact that this is the primary absorption frequency for

the C-E bond stretch means that practically every kind of organic

compound will exhibit absorption at this energy. Typically,

determination of "TPH" by this method will yield results erroneously

high because of the inclusion of organic compounds other than the

analytes of concern, i.e. gasoline, diesel fuel, etc.



The other "standard" method for TPH, the 5030/8000 purge and trap/GC

type has a tendency to yield results which are generally lower than

"true" values. Purge and trap GC methods are generally preferable to

simple injection techniques because they allow for a larger sample

size, typically 10 gins., and they are somewhat more specific to

volatile components in petroleum substances. In this analytical

procedure a soil sample is immersed in water, sonicated and shaken to

allow an equilibrium partitioning of the organic phase into the

aqueous, and then an aliquot of the aqueous phase is introduced into

the purge and trap device. In this instrument the sample is sparged

with a purging gas and the released organics are more or less retained

on an adsorbing column, the "trap". Next, the trap is heated and

further flow of the gas sweeps the trapped organics onto the column of

the gas chromatograph. The theoretical advantages of the method,

i.e., large sample size and selectivity, become quickly outweighed by

the partitioning, flow, temperature, pressure and plumbing

variabilities which are intrinsic to this procedure.

In the Washington paper, a discussion of the results of a modified

purge and trap procedure involving a methanol extraction step compared

with the Hanby method was presented. The contrast between methods was

presented by comparing the GC results for a series of physically

blended gasoline soil samples with the Hanby method. The extraction-

colorimetric results were shown visually in photographs juxtaposing

sample results with standard gasoline test result photos supplied with

the kit. The evaluation of results visually, of course, is dependent



on visual acuity and the host of other biases of the analyst. As with

other measurement techniques of this sort, such as the Nessler tube

visual determination of very slight color differences in water samples

a high degree of accuracy can be obtained if appropriate standard

comparison is provided.
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1. ABSTRACT

A field guide (knowledge book) has been developed to identify, describe, and interpret site and soil
characteristics of hazardous waste sites. It particularly addresses U.S. Environmental Protection
Agency (EPA) needs for standard procedures, guidelines, or protocols that stress she and soil
contamination. Tfiirty-five "knowledge frames" are provided for the most commonly encountered site
and soil characteristics, each of which contains specific guidance for description of a parameter.
Vie format of the knowledge frames is compatible with the Environmental Sampling Expert System
(ESES) software Vie field guide is also designed for use with an accompanying field pocket guide,
which provides methods for site and soil description and analysis.

2. INTRODUCTION

A field guide or knowledge book, has been devised to assist field personnel who must
identify, describe, and interpret site and soil characteristics of hazardous waste sites where
metals contamination is suspected or known. It is directed to on-scenc coordinators,
project managers, work teams and others who may need to apply the basic principles of
soil science and on-site environmental description, but who lack formal training in these
sciences. The field guide is further designed to meet the need of the U.S. Environmental
Protection Agency (EPA) for standard procedures, guidelines, or protocols that address
site and soil contamination in association or interfacing with the natural or undisturbed
environment.

In particular, the field guide presents new approaches to description and
classification that emphasize the questions and problems directed toward metals
contaminatjon at hazardous waste sites. The approach of the field guide, which uses expert
system type knowledge frames to describe site and soil characteristics, may not be familiar
to most soil scientists and environmental scientists. However, standard procedures for site
and soil descriptions developed by the U.S. Department of Agriculture, Soil Conservation
Service (SCS) and others have been incorporated into the field guide, or modified where
applicable.
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Site characteristics are those related to its geographical, hydrogeological,
macrobiotic, and climatic conditions. Soil characteristics arc soil properties which can be
described or measured by field or laboratory observations, e.g., color, temperature, water
content, structure, pH, and cation exchange capacity.

Various sections of the field guide include the following:

(/) General considerations for collecting and using site and soil characterization data.

tiil Detailed knowledge frames of descriptive profiles for site and soil characteristics
and conditions most likely to be encountered in the field.

(Hi) A citation of references

(iv) A glossary of general definitions for site and soil characterization terms.

<\) Supplemental information on sources of site characterization data; a soil
description form; and a summary of methods useful for determination of site and
soil parameters for use with A Pocket Field Guide [2].

Users of the field guide should be aware that the knowledge frames are also the
basis for the site and soil components of the Environmental Sampling Expert Systems
(ESES) [9J. The ESES is under development by the EPA Environmental Monitoring
Systems Laboratory - Las Vegas (EMSL-LV) through the EMSL-LV prime contractor,
Lockheed Engineering & Sciences Company (LESC). The format of the knowledge frames
is designed primarily for use with ESES; the frames therefore provide a logical and
consistent reference for those who intend to use the field guide. Because users of the field
guide are likely to be eventual users of ESES, the knowledge frame format is maintained
to enhance consistency among the related documents.

3. SITE AND SOIL KNOWLEDGE FRAMES

Thirty-five site and soil knowledge frames have been developed for use in the field to
characterize hazardous waste sites, to identify and describe soils [4], and to accompany the
methods detailed in the Field Pocket Guide [2J. The 35 knowledge frames arc not meant
to be all-inclusive. The field guide is meant to be an evolving document, and it will be
expanded and modified based upon recommendations of users.

The knowledge frames are presented in ESES format in order to maintain
continuity between ESES documentation and derivatives such as the field guide. While the
content and terminology of the frames may be familiar to some trained and experienced
personnel, some modifications or simplifications have been made in order to accommodate
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untrained or inexperienced personnel. Each knowledge frame requires a value judgmeiu
based upon the observable or measurable information or data obtained Tor the particular
site or soils under investigation. This formatted approach may be unfamiliar to the user,
but it will aid the investigator in describing the particular site or soils.

Each knowledge frame consists of the following information:

An OBJECT'ATTRIBLTE line that indicates the particular characteristic,
property or parameter, to be identified or described (e.g., clay minerals,
slope. pH).

A DEFINITION of the overall characteristic.

• A list of VALUES for the characteristic, that is, the conditions that may be
assigned (e.g., high, moderate, low; prominent, distinct, faint).

CATEGORY and PROPERTIES assignments that are necessary to the
operation of ESES but arc not of concern in the field. (Site background is
designated for all categories.)

• REFERENCES, keyed to a references cited section at the end of the
document.

The following site knowledge frames are presented in the field guide:

Nature of Heavy Metal Soil Pollutants
Climate and Weather
Slope
Surface Erosion and Erodibility
Surface Pollution Situations
Surface Runoff
Vegetation
Wind Speed and Direction

An example of a site knowledge frame is presented here in complete format for the
Object/Attribute of Site/Surface Pollution Situations. The values arc divided only spatially
into large areas and small areas in accordance with the definitions. Conditions further
detail the specified areas, the affected environment, and some possible effects of
contamination as determined over time and on various soil properties. Reference is also
made to particular sampling requirements as based upon the particular pollution situation.
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OBJECT ATTRIBl

DEFINITION:

VALUES:

CATEGORY:

PROPERTIES:

REFERENCES:

TE: SHE SURFACE POLLUTION SITUATIONS

Contamination of the soil with various harmful compounds and materials
primarily introduced by human activities.

LARGE AREAS
LOCALIZED AREAS

SITE BACKGROUND

INPUT FACT

DeHaan and Bolt, 1979
Mason, 1983b, Appendix 3, pp. 9-12

VALUE:

DEFINITION:

CONDITIONS:

Large Areas

The pollutant covers a wide area, primarily on the surface.

The pollutant usually covers an area large enough to encompass a variety
of parent materials, a number of soil "types" with varying soil properties,
various topographic features, slopes, aspects, and kinds and distribution
of vegetation and fauna. The major pollutant source may have been
present for a short time, with appropriate survey studies made by ambient
monitoring. The effects and extent of pollution may be ameliorated over
a longer period. Pollutants may have migrated into the soil as much as
30-60 cm. Where significant organic matter is present, penetration may
be lessened to only a few cm. Stratified sampling may be desirable, with
a large number of samples taken. Hand tools can usually be used to
collect samples.
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VALUE:

DEFINITION:

CONDITIONS:

Localized Areas

Areas usually polluted near the source.

These areas are usually affected by spills resulting from industrial or
transportation accidents, fires, explosions, or unexpected leaks from
storage containers. Polluted areas cover less area, with only a few
differences in parent material, soil "types" and properties, surface features.
and vegetative features. The polluted area may he more readily identified
from the unaffected area because of noticeable differences in color, odor,
and effects on other soil properties and site vegetation. Sampling may be
more rapidly performed than for large affected areas. Grid, simple
random sampling, and, in some specialized cases, stratified sampling may
be performed. Samples usually are collected with a core sampler and can
be composited in some cases, unless organic contaminants (volatilcs and
scmivolatilcs) also must be considered for analytical purposes,

Soil knowledge frames follow the same format as for site knowledge frames. As indicated
in some frames, the soil features can be directly obtained in the field, e.g., a description
of the horizons of the soil profile, or soil odors. However, for other soil characteristics,
more detailed information/data is needed, and while some parameters may be obtained in
the field or laboratory (e.g., soil moisture), others (e.g., cation exchange capacity and bulk
density) require that a sample be taken in the field and returned to the laboratory for
analysis. Knowledge frames for sampling purposes, including sampling techniques, methods
and apparatus are included separately in ESES. Additionally, for a particular knowledge
frame, methods and measurements are given or referred to in the Field Pocket Guide [2J.
Soil measurements or methods pertinent to ground-water remediation at hazardous waste
sites also are useful for a particular knowledge frame [3].

The soil knowledge frames, as for the site knowledge frames, are not meant to be
inclusive, and will be expanded and modified as needed. The list of soil knowledge frames
presently included in the field guide is as follows:



DRAFT

Bulk Density
Cation Exchange Capacity (CEC)
Clay Minerals
Color
Compaction
Consistency
Corrosivity
Electrical Conductivity
Fertility Potential
Horizons
Hydraulic Conductivity

- Saturated
- Unsaturated

Infiltration and Penetration

Mcsol'uunn and Macrotauna
Microbiota
Moisture (Water) Conditions
Odor
Organic Matter and Litter
Porosity
Reaction (pH)
Redox Potential (Eh)
Roots
Structure Grades
Surface Features
Temperature
Temperature Regimes
Texture Classes

The soil knowledge frame for corrosiviry (corrosion potential) is presented here as an
example. Values are divided into high, moderate, and low. Soil conditions are given that
determine or promote the corrosivity of metals in soils and therefore affect certain aspects
of site contamination.
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OBJECT ATTRIBUTE: SOIL CORROSIVHT (CORROSION POTENTIAL)

DEFINITION:

VALUES:

CATEGORY:

PROPERTIES:

REFERENCES:

The ability1 of the soil to wear away and degrade metal materials with
time, usually by chemical and microbial action, and as iletcrmined by soil
characteristics.

HIGH
MODERATE
LOW

SITE BACKGROUND

INPUT FACT

Barttelli, 1962
Olson, 1987, pp. 53-55

VALUE:

DEFINITION:

CONDITIONS:

High

The potential ability or status of the soil to degrade metal materials to a
high degree.

Soils with a high potential to degrade buried or partially buried metal
materials are generally highly organic soils, peats and mucks, poorly
drained, or highly alkaline mineral soils. Corrosivity of metals in soils is
promoted by finer-textured soils, clays, or salty coarser-textured soils, and
those with a high or low pH, dark color, low oxidation-reduction
potential (Eh), high aeration but also high moisture, high shrink and
swell potential, cracking, and high amount of electrolytes in solution (as
determined by electrical conductivity measurement). Conditions that
favor the growth of microorganisms also will increase corrosivity, and the
biodegradation of metal materials. A high corrosivity potential is
important for dissolution of metals, the increase in toxicity of a particular
site, and availability for transport and spread of metal ions.
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VALUE: Moderate

DEFINITION: Soils that have a medium potential for corrosion of buried or partially
buried materials.

CONDITIONS: These soils tend to be less organic; of medium to coarse texture; exhibit
less extreme pH; are moderately chemically reactive; less oxidative:
exhibit less potential for cracking, shrinking, and swelling; and exhibit
less influence of soil moisture and proximity of the water table. Electrical
conductivity values of extracts are lower than for highly organic or for
salty, alkaline soils. (See Soil Electrical Conductivity). Chemical
reactivity and microbial biodegradation rates are slower, but movement
of corrosive products may be greater in well-drained soils of medium to
coarse texture.

VALUE:

DEFINITION:

CONDITIONS:

Low

Corrosion potential of buried or partially buried metal materials is
discernibly less evident, or almost nil, over a relatively long period
(several years to decades).

Loose, coarse-textured, dry, nonsalty. alkaline soils with low electrical
conductivity will show low corrosion potential over an extended period.
Microbial corrosion and chemical reactivity will be slow unless other soil
conditions and foreign materials, such as wood and other organic
products for energy and nutrition, arc present and arc in contact with
metals. Transport of products of corrosion is reduced unless water is
present and erosion forces arc operative. Proximity to water table or to
irrigation can be an accelerating factor for enhancement of corrosion and
movement of erosion products, including corrosion of metal containers,
dumped or spilled metal products, and leakage of liquids from corroded
containers, both surface and subsurface.
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4. COLLECTION AND USE OF SITE AND SOIL CHARACTERIZATION DATA

Site and soil characterization data are important components in developing the sampling
plan for a particular hazardous waste site. These data impact many decision points in the
integration of sampling plan elements (e.g., intended use of the data, analytcs of interest,
sampling and analytical methods, statistical design). For hazardous waste sites where the
primary objective is to determine the nature and extent of contamination, site and soil
characterization may he strongly oriented toward health and safety factors. Data on
physical, ecological, climatic, and other factors, however, must be gathered to provide an
overview of the site, its complexity and extent, and to adequately support decisions about
data quality objectives (DQOs). Consequently, it is important to consider and synthesize
data from all available sources in developing site and soil descriptions. These sources
include reference documents, site background reviews, field reconnaissance, actual
sampling activities, and cooperating scientists in such fields as soil science, geology,
hydrogeology. agriculture, chemistry, climatology, botany, zoology, ecology,
photointerpretation, geographic information systems, statistics, quality assurance, and
numerous engineering disciplines (e.g., agricultural, civil, and mechanical).

Regardless of the sources or methods of data collection, all elements of the site and
soil characterization process must be designed and executed in a manner appropriate to
the intended use of the data. Thus, experienced and inexperienced field personnel alike
should concentrate on identifying and asking the questions that will provide qualitative and
quantitative data appropriate to solving the problems of interest at a particular hazardous
waste site. The remaining discussions in this section are intended to aid the reader in
identifying the questions and issues of concern in performing the site background review,
in describing the site and the soils present, and in determining and supporting the intended
use of the data.

/. Site Background Review

Although direct, on-sitc observations provide the most detailed information about site and
soil characteristics, basic data on site features can often be obtained from existing sources
before field work begins. These data are often essential in planning reliable field
reconnaissance and sampling efforts. The data may be general or specific, depending on
the sources available for the particular geographic location.

During the site background investigation, the investigator should ask, at a minimum,
eight basic questions concerning site and soil characteristics. Thoroughness in obtaining
data on these topics will improve the efficiency and quality of subsequent planning and
field work.



DRAFT

• What is the area of the site? Indicate the area of the site in hectares and describe the
configuration (square meters length and width).

• VWiitf is the depth to ground water? Indicate the depth to ground water from the ground
surface, and, to the extent known, identify seasonal fluctuation and the depth and
thickness of multiple aquifers.

• What is the potential or maximum rate of contamination? Indicate the potential or
maximum rate of various soil and ground-water contaminations that impact the site.
Include vertical flow through the unsaturated (vadosc) zone to ground water, and any
horizontal flow rate in the aquifer.

• What is the level of ground-water use? Identify both potable and nonpotable ground
water use(s) by aquifer, if appropriate, and the point(s) of extraction relative to the
site.

• What soil "types" are present? Identify, to the extent known, the site's soil strata and
relative depths below ground surface. Characterization of the soil medium should
begin with data available through soil surveys made by the SCS and through contact
with soil survey personnel, local soil scientists, engineering personnel, contractors,
county extension personnel and others. This early investigation will save time and
resources and will minimize duplication of effort in obtaining needed or desirable
data on soil characteristics.

• What sensitive receptors are in proximity to the site? Identify population and
environmental concerns relative to the site that could be impacted by contaminant
migration through various media via air, surface water and ground water.

• What and where are the locations of potential sources of contamination? Identify and
locate potential sources of contamination that could impact the site under
investigation as well as potential sources of contamination from the site to the
surrounding environment.

• What documentation is available? What resources can be accessed to obtain information
about the site, its history, land modifications, initiation and age of contamination, etc?
Consult personnel, agencies and records.

ii. Site Description

After a designated site has been selected and the background review has been conducted,
the area (landscape) around the site should be examined for its identifying characteristics.
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and the resulting data and observations should be assessed in conjunction with the available
documentation, such as soil boring logs from any previous drilling activities. These
observations should be as complete, objective, and as clear as possible and should be
recorded in a notebook or on a form devised for this purpose. The use of a standard form
will assist in subsequent data entry and interpretation. (A form for this purpose is
included in the knowledge book as well as the Field Pocket Guide.)

The site reconnaissance is intended to confirm the results of the background review
and to identify site characteristics that may indicate contaminant sources and migration
paths, affected populations, and potential monitoring sites. Thus, collecting data on only
the soils under consideration is insufficient and off-site data also must be collected for
comparison purposes. The investigator must also observe the surficial geology, topography,
slope, erosion patterns (wind derived and water derived), streams and other water bodies,
and surface microrelief. Other important observations include:

• Evidence of animals and kinds of animals (e.g., cattle, various wildlife, rodents, birds)
and their numbers and degree of activity. In addition to visual sighting of animals,
evidences of habitation such as tracks, paths of travel, feeding regains, fresh or old
bones, fresh or decomposed dung, and distribution and numbers of burrows should
be recorded, particularly with reference to possible or disccrnable source and extent
of contamination. Consult the literature and area biologists regarding possible
endangered species that may affect the approach to cleanup.

• Plant species and distribution, on- and off-site, particularly with reference to effects of
contamination. Note the types of vegetation, (e.g., trees, shrubs, grasses and other
flowering plants), or note the lack of vegetation if little or none is present.
Determine which kinds of vegetation are the most abundant or typical, and note by
species their distribution (dense, scattered, irregular, or even) and the amount of
vegetative growth (prolific, moderate, or scant). Depending on the time of year, the
climate, and the local weather (especially in a favorable moisture-temperature
regime), reproductive features of plant species also may be noted. If possible,
estimate the age and apparent health of the vegetation and plant stresses such as
stunting, chlorisis, diseased tissues and organs and changes in kinds and distribution
of vegetation. Age and health of vegetation are important to determining the age
and "health" of a disturbed site. Information also should be obtained regarding
possible endangered plant species.

• Meteorologic factors, both climate and weather, are important site characteristics and also
have an important role in soil formation and the amelioration and remediation of
disturbed and contaminated soil sites. Long-term climatic data may be obtained from
the U.S. Department of Commerce; weather information may be obtained from a
local weather station. Meteorological and micromctcorological or microclimatic
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factors should be noted or measured because they may affect sampling procedures
and safety considerations; the quality of the collected sample, its handling, and
subsequent storage and analysis; and instrumental measurements made on site. For
example, to avoid contamination of samples, they should be protected from the wind.
Collected samples should not be exposed to the sun or to high or varying
temperatures, such as from varying cloud cover, or from high relative humidity.
Precautions also should be taken in collecting, handling and storage of set samples
to avoid condensation and adverse microbial effects, e.g., anaerobic conditions,
promoted by closed containers. External environmental factors, e.g., temperature,
relative humidity, wind, solar radiation and evaporation, and barometric pressure also
may affect certain instrumental readings and analysis in the field. Field measurements
for the nature and extent of cloud cover, relative humidity, barometric pressure,
evaporation rate, temperature, meteoric precipitation (recent or present at time of
sampling), and microclimatic wind profiie (from surface to approximately 1 m above
the surface), including wind direction and velocity. If instruments and time are
available for these readings, it is advisable to take readings for extended periods
(more than a few consecutive days), and for a given space (depth or profile) of the
site environment selected for measurement and observation.

If possible, measurements should be made before, during, and after collection
of samples. Diurnal environmental measurements, such as for temperature and
humidity, are preferable to those made at only one point in time. If it is determined
that other environmental factors could affect sampling, e.g., wind, then other
microclimatic measurements may be made, especially if site disturbance varies from
the undisturbed area. Additional measurements may include onset, amount, and
duration of dew; net or total exchange of thermal radiation; occurrence, duration,
and intensity of sunlight; and site elevation. Solar radiation data can usually be
directly related to atmospheric stability; models to compute rates of chemical
vaporization may use solar data quantitatively.

Anthropomorphic features such as buildings, embankments, excavations, bridges, roads,
impoundments, berms, dumps, landfills and debris, and any other artifacts or
evidence of human activity, both past and present (e.g., visible household/industrial
refuse and scrap; vehicle paths, tracks, and miscellaneous parts and fluids) should be
noted.

Hi. Soil Description

Soil description for hazardous waste site investigation incorporates features of standard soil
description, as well as specialized data unique to the evaluation of metals contamination.
These include basic descriptive features and application of these elements to different
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hazardous waste sites lor investigative purposes.

A basic soil description considers the physical location of the soil (i.e., as a naturally
occurring, three-dimensional piece of landscape), its derivation (parent materials) and
development, and its composition (i.e., minerals, organic matter [living and dead), water,
and air).

Soils vary in their physical, mineralogical, chemical, and biotic properties, all of which,
in consideration of their derivation and stage of development, constitute a descriptive soil
t\pe." (map unit). Categorical or taxonomic units arc used to classify soils. There arc six

major diagnostic features (epipedons) and fifteen horizon descriptors, plus additional
descriptors, such as for pans [10]. Disturbed or contaminated soils may not fit into the
standard classification that soil scientists use. These soils, however, can still be
characterized according to basic soil properties, in accordance with project DQOs.

A "standard" soil description draws on many site, soil, and procedural character-
istics [11]. These characteristics include soil series; date of collection; site location
(latitude, longitude, and elevation); slope; microrelicf; gcomorphic position; physiography;
local landform and land use; depth to water table; Hooding characteristics; pedon
classification; parent material; climatic and weather information, including weather station
identification; vegetation cover and species; soil depth; diagnostic features; and collector's
name and affiliation.

Specific soil information includes horizon (strata) designations and thickness; dry and
moist color (Soil Munsell notations); texture; structure; consistency (dry and moist);
compaction; evidence and description of mottles; surface features; evidence of roots;
animal burrows and disturbances; pores; rock fragments; various kinds and shapes of
concretions; and a description of organic matter. Field measurements may be collected
for such characteristics as effervescence (carbonate), moisture, content, hydraulic
conductivity, surface and subsurface temperature, and pH. Other samples should be
collected which can be measured either in the field or solely by means of laboratory
instruments, e.g., pH and Eh; specific ions; electrical conductivity; cation and anion
exchange capacity, microbiota, electrical conductivity, water potentials, organic matter and
its components.

Texture and structure are two of the most important soil properties where chemical
migration is concerned, although metal species can be relatively immobile. More than 40
tcxtural classes and 20 textural modifiers can be used to describe soils.

Consistency is an indication of the degree of cohesion or adhesion of the soil mass
and can be determined as gradients of dry to moist, or as brittle, cemented, or fluid. A
strongly cemented or a sticky, plastic soil is not conducive to "standard" methods of soil
sampling.

There is less potential for water (and ions) to migrate through soil mottles of medium
to coarse size (between 5 and 15 mm diameter). Light grey mottles indicate a reducing
soil environment and a greater tendency for water movement than an oxidizing
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environment of yellow-brown, brown, and red mottles. A change in the soil moisture
regime can be indicated by the proportion of colored mottles. Naturally occurring mottles
\s. mottles formed from soil contamination should be noted, along with distinguishing
surface features such as coats, stains, and films; their quantity; and their continuity or
discontinuities.

Boundaries o( changes in the soil surface or profile should be noted in terms of
distinctness (e.g.. abrupt, gradual, clear, or diffuse) and topography (e.g., smooth, wavy,
irregular, or broken), especially in rcgaru to the contamination source and its migration.

Soil organic matter is another important soil constituent and can be visibly apparent,
especially in the soil surface horizons. It is usually reported in analyses performed by the
SCS. along with soil pH, effervescence, color, odor, and chemical constituents. Organic
litter also can occur on the surface of the .soil in various stages of deposition and
decomposition, and roots may be present near or in the subsurface. Distinctions or
changes in color and odor can be important considerations in contaminated soils as
compared to uncontaminated soils and can provide clues about the nature and extent of
contamination. In soils that contain significant amounts of organic matter, however, metal
chelates and metal-complexes (ligands) formed with organic matter arc an important factor
in sorption. fixation, and immobility of certain metal species.

Other soil factors, such as kinds, numbers, sizes, and distributions of various
concentrations (e.g., crystals, modules, nodes, masses, and concretions) should bo noted in
contaminated soils, especially if formed by processes subsequent to contamination. Kind,
shape, number, and distribution of macropores (e.g., tubes, vesicles, or fragments) arc
relevant to infiltration and permeability; soil crusts and stony or desert pavement likewise
will affect these soil properties.

i. Description for Hazardous Waste Projects

The emphasis on soil characterization can vary considerably, depending on the DQOs for
the particular hazardous waste project. For site characterization, attention usually focuses
on the soil properties that are most useful in characterizing the soil-contamination system.
For example, in site characterization, leaching potential and attenuation of contaminants
may be the major concerns; therefore, soil slope, surface damage, the extent of highly
contaminated soils, and the practicality of using particular field contaminant
instrumentation may be the most important considerations in the soil description
process [14]. As an adjunct to ground-water monitoring, on the other hand, the emphasis
may be on soil properties that help establish the amount of contamination sorbed on
aquifer solids that may contribute to ground-water contamination [15J. For this purpose,
it is important to collect detailed information such as soil grain size (texture), bulk density,
organic contents, cohesiveness, moisture content, color, and odor, and to take a number
of readings with field monitoring equipment on designated parameters. In addition.
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physical (actors such as temperature, available oxygen, and light penetration should be
measured to provide an interpretive basis for conditions that can radically alter the rate
of chemical reaction and of a.ssociated microbial activity.

In contrast to the requirements for site characterization, the DQOs for remedial
response activities can emphasize the collection of data on a different set of soil
parameters. These data would inr'ude soil "type," pH, cation exchange capacity, and
physical measurements of hydraulic conductivity, hydraulic head, permeability, penetration
rates, porosity, grain size, and bulk density. Additional observations might include a
description o( soil depth, hardness, stratification, discoloration, and surface depressions
112). These soil properties may be determined at any site regardless of the nature of the
contaminant. For metals, the vertical contaminant distribution is expected to be limited.
Depending on soil conditions, many metals may be strongly sorbed. However, each metal,
its particular species and soil conditions should be considered in regard to metal mobility
because many metals are relatively immobile and their downward migration is usually
limited.

When the project constitutes an emergency response, basic soils data are needed not
only for the soil itself, but also for erosion, type of surface runoff, and slope characteristics.
Of particular importance are soil texture, structure, consistency, infiltration and
permeability, cations and anions, and exchange capacity for clay minerals and organic
matter [7J.

W. Intended Use of Data

Intended use of the data may focus on site characterization, health and safety, risk
assessment, evaluation of alternatives, engineering design of alternatives, monitoring during
remedial action, identification of potentially responsible parties (PRP), or possible use in
litigation. Each type of use may necessitate sampling of soil for the required remedial
investigation and remedial response activities.

The quality, quantity, and level of detail for collected data and information will vary
and arc largely based on their intended use. Each site has a unique history1, and the
amount and quality of data available will vary. These factors must be considered in
establishing and working toward the DQOs for the project. Data quality, quantity, and
intended use will impact site-specific decisions, the needs of data users, and the
requirements for further sampling and analysis.

DQOs should be based on data-use categories. Specific site investigations may
require data for one or more purposes, but as a rule, methods for collecting and analyzing
data should be designed to satisfy project DQOs at a level appropriate for remedial
response activities.

Data use categories for remedial activities are discussed by EPA [13] and arc
summarized below.
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Site Characterization - Data generated through the sampling and analysis of waste
sources and environmental media are used to determine the nature and extent of
contamination at a site.

Health and Safety - Data are used to establish the level of protection needed for site
investigators or workers and to establish precautions needed to protect populations
in the vicinity of the site.

Risk Assessment - Data arc used to evaluate the threat posed by a site to public health
and the environment. Risk assessment data arc generated through the sampling and
analysis of environmental and biological media, particularly where the potential for
human exposure is high.

Evaluation of Alternatives - Data are used to evaluate available remedial technologies
and to develop cost estimates. Evaluations may involve performing bench-scale or
pilot-scale studies to determine the effectiveness of a particular process or material.

Engineering Design of Alternatives • Data collected during the remedial
investigation/feasibility study (RI/FS) can be used to develop a preliminary
engineering design data base on the performance of remedial technologies. Data
applicable to the remedial design (RD) process include waste characterization and
preliminary volume estimates. These estimates usually need to be refined during the
Remedial Design/Remedial Action (RD/RA).

Monitoring During Remedial Action - During the remedial action, samples can be taken
to assess the effectiveness of the action. Based on the analysis of these samples,
corrective measures can be taken.

Potentially Responsible Party Determination - Data can be used to help establish liability
at multiple-party sites. Data are used to link known PRPs wastes to those wastes
found on the site and to pollutants released into the environment. For unknown
PRPs. data are used in comparing the site wastes to pollutant profiles of known waste
streams. Data arc also used for injunctive actions and cost recovery.

Litigation - For this purpose, policies, procedures, and documentation should meet
EPA National Enforcement Investigations Center (NE1C) requirements [16].
Activities and procedures of interest include project review, background review,
project plans, project activities, and report and follow-up on pollution problems
related to all media. The EPA recommends Contract Laboratory Program (CLP)
procedures for litigation purposes.
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Alter the data-use categories pertinent to a project have been determined, their order of
priority should be established according to the most stringent demand for use of the data.
Thus, the highest priority is the data use that requires the highest level of confidence and
the lowest level of data uncertainty. The limits of uncertainty will drive the selection of
project analytical and sampling approaches, including those for soils.

Once priorities for intended data use have been established, the data types that need
to be developed are identified. Subsequently, data quality needs are defined and soil
sampling and analysis options arc evaluated. Data types can then be categorized to form
a decision matrix to meet the specifications of the data type needed for each intended data
use.

The integration of site and soils data collection methods, DQO selection, and data
uses involves many complex decisions. Mason [/•>] provides useful flow charts and decision
trees for site and soil characterization. EPA [12 and 13] offers guidance on the
development and application of DOOs. The knowledge frames of the field guide arc
intended to aid the decision process by providing a uniform basis for identifying site and
soil characteristics in the field.

5. CONCLUSION

It should be kept in mind that automated systems have many limitations and must be used
properly. There are many factors to consider when collecting samples and the contribution
of human experts, such as soil scientists, ecologists and environmental scientists, and others
is always vital. The use of an expert system helps anticipate or prevent many of the
problems that can be encountered before actual field sampling is undertaken. Also, the
system can complement expert advice by identifying items that might otherwise be
overlooked. Identified requirements can then be included in the sampling plan for the
project. Expert systems at this stage of development cannot substitute for human experts,
but they do have a place in the planning process in the role of automated trainers and
consultants.

The field guide presented here for site and soil characterization of hazardous waste sites
is a prototype expected to evolve as it is used by project managers. Coordinators and field
investigators. The document can be expanded to include additional site contaminants such
as organics, including volatile organic compounds (VOCs). It can also be expanded to
include ground- water contamination, such as by pesticides [4]. A future module of ESES
also is expected in regard to a sampling advisor for surface water. Experience gained from
the development of prototype systems, such as for site and soils characterizations, and
contributions from other environmental sampling experts, will be applied during the next
phase of the overall development of the ESES.
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GROUND WATER CONTAMINATION WITH INORGANIC NITROGEN
IN THE VICINITY OF A SOLID WASTE LANDFILL.

by Kevin G. Rattue, Benito Marinas, Douglas Chapin

INTRODUCTION

Subsurface investigations performed at the Hidden Valley Landfill since 1985 have
provided information which indicates that landfilling operations have resulted in the
release of leachate-derived contaminates into the uppermost water bearing zone beneath
the landfill and the contamination of this aquifer hydraulically downgradient of the site.
Sporadic detections of nitrate-nitrogen at concentrations greater than the federal primary
drinking water standard of 10 milligrams per liter (mg/L) resulted in the implementation
of a more intensive site-specific monitoring program, and consideration of alternatives
to remediate affected ground water used for potable supply.

SETTING AND SITE HISTORY

The Hidden Valley Landfill is located approximately 50 miles southeast of Seattle in the
state of Washington, United States of America and began accepting solid waste in the
mid 1960's. The solid waste "footprint" covers an area of approximately 52 acres.
Approximately 14 additional acres of the site remain undeveloped and used for temporary
storage of demolition and yard waste.

Historically, the landfill has received residential waste from private and municipal
collection and transfer vehicles; commercial and industrial waste (including digested
municipal sewage plant sludges); bulk liquids; and demolition wastes. Bulk liquids,
sludge and large volumes of industrial waste have not been accepted at the landfill since
1985.

Land use within a 2-mile radius of the landfill site is comprised of rural and semi-rural
residential, commercial, light industrial and wooded undeveloped parcels of land.
Adjacent and to the south of the landfill is an active sand and gravel extraction operation.
Sand and gravel operations also existed immediately to the north of the landfill site until
recently. The eastern portion of the landfill site was also mined for sand and gravel
prior to its current use. East of the site a residential community consisting of 140-single
family houses is presently being developed and to the west of the site another residential



area is being planned.

Domestic, community, and industrial water supply wells are used in the vicinity of the
Hidden Valley Landfill. Forty supply wells have been located within a radius of 2-miles
from the landfill site. Two private wells are located less than 2,000 feet from the landfill
site (Figure 1).

HYDROGEOLOGY

The landfill site is underlain by a sequence of glacial deposits which are at least 250 feet
in thickness. These deposits include advance and recessional outwash consisting of sands
and gravels, glacial till comprised of a mixture of gravel, sands and silts, and interglacial
sediments consisting of fine sands, silts, clays which often contain organic debris.
Ground water may be present in each depositional unit but it is only the advance and
recessional outwash deposits that have the potential to sustain a sufficient yield for
potable water supply.

The two uppermost water bearing zones beneath the site have been designated the
shallow perched (recessional outwash) aquifer and the upper regional (advance outwash)
aquifer. A discontinuous glacial till unit consisting of gravelly sand with silt separates
the two aquifers in parts of the site. A "deeper" water bearing zone, designated the
lower regional aquifer, has been identified at a depth of 200 feet or greater in older
outwash deposits. This aquifer is separated from the upper regional aquifer by a sequence
of interglacial sediments at least 80 feet in thickness.

The shallow perched aquifer is unconfmed, continuous beneath the site and under water
table conditions. The piezometric surface in the area of the solid waste "footprint"
ranges from less than 10 feet below ground surface (b.g.s.) in winter months to greater
than 25 feet b.g.s in late summer. Ground water recharge occurs from infiltration of
precipitation and surface water runoff both onsite and offsite. Seasonal fluctuations of
the water table can exceed 15 feet. In the late-winter/spring (wet season) the water table
often rises above the base of the solid waste and is in direct contact with landfill leachate.
Ground water flow direction in the shallow perched aquifer is towards the northwest with
local flow components towards the north (Figure 2). Hydraulic conductivities (Kh) have
been estimated in the range of 1.2 X 10-1 to 2.5 x 10-3 cm/sec, and an average ground
water flow velocity calculated at approximately 30 feet/day.

The upper regional aquifer is partly confined beneath the glacial till unit which underlies
the shallow perched aquifer. Infiltration of precipitation via the shallow perched aquifer
is believed to be the primary source of ground water recharge to the upper regional
aquifer. Based on depth to water measurements taken over the last six years in nine
nested monitoring wells completed in these two aquifers throughout the landfill site,
vertical downward hydraulic gradients exist and ground water elevation head difference
is approximately S feet. Ground water flow direction in the upper regional aquifer is
towards the northwest with local components of flow towards the west and in the
direction of the former east-west glacial outwash channel which exists beneath the site.



Hydraulic conductivities tKh) have been estimated to range from 5.4 X iO»2 to 1.9 X 10-
3 cm. sec. and an average ground water flow velocity calculated at approximately 12
feet/day.

GROUND WATER QUALITY

The impacts of landfill leachate on ground water quality were evaluated with the analysis
of ground water samples collected from monitoring wells located around the perimeter
and hydraulically downgradient of the landfill site. Since 1985, samples were collected
from both the shallow perched aquifer and upper regional aquifers at quarterW intervals.
Although contaminants were found in both aquifers, the greatest impact to ground water
quality occurred in the shallow aquifer.

Contaminates found in the shallow aquifer included inorganics, volatile and semi-volatile
organics, and polynuclear aromatics. Table 1 summarizes maximum concentrations for
the contaminants detected together with the corresponding monitoring well number (see
Figure 2 for well location with respect to landfill) and sampling date.

Among the contaminants presented in Table 1, nitrate-nitrogen was the major immediate
concern because its concentration sporadically exceeded the federal primary drinking
water standard of 10 mg/L. Ammonia was also of concern because it was the source of
nitrate according to the reaction;

NH4+ + 2O2 « NO3- + H2O + 2H+

Ammonia-nitrogen at concentrations between 330 mg/L and 1,200 mg/L was the only
inorganic nitrogen species detected in the landfill leachate. Dilution of the leachate in
the shallow perched aquifer resulted in ammonia-nitrogen concentrations between 0.1
mg/L and 130 mg/L in ground water samples collected from several monitoring wells
located around the perimeter, and as far as 1,200 feet hydraulically downgradient from
the site.

Nitrate levels in the shallow aquifer were generally below detection limits but increased
sharply with rises in the piezometric surface in winter and spring. Peak nitrate
concentrations ranged from 150 mg/L in one of the perimeter monitoring wells (TF-14(s)
shown in Figure 2) to 20 mg/L in the most distant monitoring well (MW-l8(s) shown in
Figure 2). Nitrate levels above 10 mg/L persisted until the elevation of the piezometric
surface began to decline in late spring.

NITRIFICATION MECHANISM

To further understand the occurrence and mechanism by which nitrate was present in the
shallow aquifer, ground water samples were collected from selected monitoring wells
monthly between April 1988 and November 1989, and bi-weekly for an additional six-
rnonth period between November 1989 and May 1990. Pressure transducers and specific



conductance probes connected to data acquisition systems were installed in each of the
selected monitoring wells. Ground water elevation and conductance measurements were
obtained even* six hours in the field.

Ammonia and nitrate concentrations and ground water elevations measured during the
monitoring period are shown in Figures 3 and 4 for one of the perimeter wells (TF-
14(s)), and a well located approximately 1,200 feet hydraulically downgradient from the
landfill (MW-lS(s)).

Ammonia concentrations in the ground water samples collected from both of these wells
in the shallow aquifer decreased significantly during the precipitation season in late
autumn, winter and early spring. Changes in ammonia concentrations did not correlate
well with changes in ground water conductivity, A possible explanation for this
phenomena is that the predominant ammonia species, ammonium ion, might have been
adsorbing on recessional outwash deposits and therefore its transport might have been
retarded.

Nitrate-nitrogen concentrations detected in both wells (TF-14(s) and MW-18(s)) were
generally below 2 mg/L but increased sharply to levels that exceeded the drinking water
standard with increasing ground water elevations in late autumn and winter. The
performance of mass balances revealed that the nitrate levels detected could not have
been formed by nitrification in the saturated zone (below the water table) because
oxygenated precipitation which recharges the shallow aquifer, could not supply sufficient
oxygen (oxygen solubility in water is approximately 9mg/L). The nitrification of
ammonia would require approximately 4.6 mg/L of oxygen per each mg/L of nitrate-
nitrogen produced. Even if ground water is saturated with oxygen, the maximum nitrate-
nitrogen that could result from nitrification would only be about 2 mg/L. However,
nitrate-nitrogen was found at higher concentrations, and therefore a different nitrification
mechanism must have been taking place.

The following is a proposed mechanism that may explain the high levels of nitrate
detected. During the winter months, ammonia-rich leachate is in direct contact with the
ground water in the shallow aquifer. When the piezometric surface declines 10 to 20 feet
from the peak ground water elevation that resulted in the saturation of waste at the base
of the solid waste, air (containing approximately 280 mg/L of oxygen) replaces the pore
volume vacated by ground water. The ammonia adsorbed in the recessional outwash
deposits can then nitrify in the presence of high oxygen levels in air. The resulting
nitrate, a non-adsorbing strong electrolyte, will dissolve in the groundwater after any
significant precipitation allows recharge to the shallow aquifer and an increase in the
elevation of the piezometric surface.

REMEDIAL ALTERNATIVES

The design, installation, monitoring and operation of remediation systems were evaluated
to mitigate the nitrate in ground water above 10 mg/1 in winter months. These measures
included the following:



Partial slum* wall/ground water extraction and treatment;

Partial ice wall/ground water extraction and treatment;

Plume containment using ground water extraction and treatment;

Excavation/on-site disposal;

Excavation/incineration/ on-site or off-site disposal.

However, the preferred alternative to address the seasonal and sporadic occurrence of
nitrate above the drinking water standard included a more "passive" policy that consists
of: 1) a focused ground water monitoring program tailored towards the detection of
nitrate above 10 mg/1 to protect the quality of ground water used for potable supply in
wells located hydraulically downgradient of the landfill site: 2) implementation of well
head protection measures if water quality in any supply well is threatened; and 3) the
adoption of institutional controls on future use of the shallow perched aquifer in the
immediate vicinity of the Hidden Valley Landfill. In addition, landfill closure
requirements will require the placement of a geomembrane cap over the entire landfill
to minimize the infiltration of water through the waste and the operation of a landfill gas
control and monitoring system.
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T.UMe 1 Maximum Concentrations Observed (ur Inorganics,
Polynucleur Aromaucs Between the Y<

Compound

Non-Metals
Amraonia-N i tragen
Chloride
Nitrate-Nitrogen
Sulfate

Metals
Aluminum
Arsenic
Banum
Calcium
Chromium
Iron
Magnesium
Manganese
Potassium
Sodium

Volatile Orgamcs
Benzene
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
1,2-Dichlorobenzene
1,4-Dichlorobenzene
1,1 -Dichloroethane
Methylene Chloride
1,1,1 -Trichloroethane
Trichlorofluoromethane
Total Xylenes

Semi-Volatile Organics
Bis(2-ethylhexyl)phthalaie
Dibenzofuran
Diethylphthalate
Dimethylphthalate
2,6-Dimtrotoluene
2,4-Dimethylphenol
Pentachlorophenol

Polynuclear Aromatics
Acetaphthene
Fluorene
Naphthalene
2-Methylnapthalene

Maximum
Concentration

(mg/L)

130
672
150
100

0.08
0.04
0.36
90.8
0.015

11
40.6
10.3
60.1
345

0.004
0.003
0.002
0.003
0.002
0.002
0.008
0.006
0.030
0.007
0.013
0.007

0.017
0.010
0.004
0.007
0.006
0.016
0.004

0.017
0.008
0.022
0.013

volatile, and Semi-Volatile Qryuiucs, and
•ars 1085 and 1990

Well

TF-14
TF-14
TF-14
TF-14

TF-14
TF-14
TF-14
TF-13
TF-14
TF-14
TF-13
TF-13
TF-14
TF-14

TF-14
TF-12
TF-13
MW-15
MW-16
TF-14
MW-15
TF-13
TF-11
MW-19
MW-19
TF-14

TF-11
TF-11
TF-13
TF-14
TF-11
TF-14
TF-14

TF-11
MW-15
TF-14
TF-14

Date

6/20/86
2/25/87
1/16/90
4/27/88

8/27/87
6/20/86
2/25/87
8/26/87
2/25/87
10/14/86
4/23/90
4/23/90
8/27/87
8/27/87

2/15/87
4/23/90
4/23/90
4/26/88
7/19/88
7/17/89
7/18/88
7/18/89
4/2/86
1/24/89
1/24/89
1/15/87

4/27/88
9/15/87
6/19/86
6/20/86
6/23/86
2/15/87
6/20/86

9/15/87
4/26/88
8/27/87
8/27/87
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Receptor-Bound Toxicants as Biomarkers for
Environmental Pollutants

Mahmoud A. Saleh, Gamal El-Baroty, Abdel Moncim Affify and Emam Abdcl Rebcim
Environmental Chemistry And Toxicology Laboratory, Department of Chemistry

Texas Southern University
Houston, TX 77004

ABSTRACT

Lindane, toxaphene, endosulfan, endrin, ketoendrin, aldrin, dieldrin, heptachlor,
pyrethroids insecticides and some of their metabolites are central nervous system toxicants and
they have shown to exert their effect by binding to specific sites in the gam ma-ami nobutyric acid
iGABA) receptor-ionophore complex. Radioreceptor assay technique was developed to measure
them in spiked blood samples. The radioreceptor assay was also examined as a potential
biomarker for monitoring human exposure to this group of insecticides. GABA receptor was
prepared from P, (mitochondrial) fraction of rats and calf brain homogenate. The receptor is
then labeled by binding to radiolabel [3SS]t-butylbicyclophosphorothionate (TBPS). The assay
is conducted by measuring the displacement of radioactivity following incubation of the receptor
with environmental samples, human blood or other fluid. The assay was shown to be very
sensitive and required very little or no sample preparation or clean up prior to the analysis.

INTRODUCTION

In recent years there has been a growing awareness of the need for more accurate
assessments of the health risks associated with exposures to environmental chemicals. Risk is
dependent upon the toxicity of the chemical, the amount of exposure to the chemical, and the
characteristics of the exposed population. A major source of error in the assessment of health
risk is the uncertainty associated with monitoring pollutant exposures to human populations.
Exposure assessments are difficult and time consuming in that they traditionally require
estimating the amount of chemical coming in contact with the exchange surfaces of the body,
i.e., lung, skin, and intestine. This difficulty is compounded by the need to estimate the amount
of absorption across these surfaces followed by a pharmacokinetics analysis to estimate the
amount of toxicant reaching the target tissue, i.e., the effective dose. TJtis uncertainty can be
substantially reduced using exposure assessment measures that reflect the "effective" or
internal exposure received by target individuals or populations. Biological markers
(biomarkers) of exposure are indicators of pollutant-induced events in biological systems which
are quantitatively related to the exposure rate. Examples of biomarkers of internal or
"effective" exposure (dose) include alterations in structure, function, or composition of cells,
tissues, organs, or organ systems.

Gamma-aminobutyric acid (GABA) is the major inhibitory neurotransmitter in the
vertebrate central nervous system (CNS). There are two types of GABA receptors, GABAA

which is the major inhibitory receptor of the brain, and is associated with a C\ channel, while



the GABA,, receptor is believed to couple to Ca-'T and K* channels via GTP-binding proteins
(Enna and Karbon. 1987: Borman, I9S8). Recently, it has been shown that GABAA receptors
are the molecular target for many environmental pollutants including pesticides, chlorinated
hydrocarbons, bicyclophosphates and orthocarboxylates (Eldefrawi and Eldefrawi, 1990). Among
the classes of chemicals acting on the GABA receptor are, polychlorocycloalkanes (PCCAs)
including lindane, toxaphene, and cyclodienes which are a major group of insecticides. About
3x10* pounds of PCCAs have been used in the past 40 years. Their application is now
restricted. However, they are still found in the environments at substantial concentration due to
their high persistent and global distribution (Saleh, 1991). Only lindane, endosulfan, aldrin and
chlordan are still used in amounts individually exceeding 1,000,000 pound per year (Casida et.aJ
19S5). Synthetic pyrethroids were also shown to have affinity to the same site (Cole and Casida,
!9S6). Organophosphorus (OP) pesticides, representing more than half of the current
insecticides, are used as stomach poisons, plant and animal systemics, for control of soil and
aquatic pests, and as fumigants (Eto ,1974, Fest and Schmidt, 1982). Several thousand new OPs
are still prepared each year as candidate pesticides. Some of the most toxic OPs are neither
acetyl choline inhibitor nor pho?.")horylating agent. The exceptionally potent bicyclophosphate
(BP) and bicycloonhocarboxylates (BOC) compounds act on the GABAergic rather than the
cholinergic system. They are noncompetitive in their action similar to picrotoxinin (Casida et
al 1985, Bowery et al 1984). The BPs and BOCs were shown to be given off on combustion
of flame retarded foams ( Petajan et al 1975) and as chemicals used in organic synthesis. They
also commonly appear in the literature from chemical defence establishments. Examples of
toxicants acting on the GABA chloride ion channel receptor are shown in Figures 1-3.

EXPERIMENTAL SECTION
Radioreceptor Assay

The principle of this radioreceptor assay is that the amount of radioactive ligand bound
to membrane receptors is quantitatively related to the amount of unlabeled ligand or unlabeied
chemical with high affinity to the receptor. As a general rule "the higher the affinity the smaller
is the amount that can be measured." The assay is conducted by adding the sample to be
analyzed to radioligand bound receptor medium. The percent of bound radioligand displaced
is compared to the percent displacement by known amounts of unlabeled ligand (standard curve)
and will reveal the amount of the sample.

Preparation of GABA membrane receptor.

Membrane receptor preparation was carried out using the procedure of Casida and
coworkers (Casida and Lawrence, 1985; Cole and Casida, 1986). Male albino rats ( Ranus
norregicus), Sprague Dawley strain weighing 250-300 g were obtained from Bantin and Kingman
Inc Laboratories. The rats were sacrificed by decapitation and their heads were dropped in
liquid nitrogen for 5 seconds. The brain was removed rapidly after thawing and homogenized
in 20 volumes of 0.32 M sucrose solution with a glass-teflon tissue grinder (six passes at -
2000 rpm). The homogenate was centrifuged at 1500 g, 4°C for 10 min.
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Figure 1. Bicycloorthocarboxylates acting on the GABA receptor.
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Figure 2. Bicyclophosphates acting on the GABA receptor.
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Figure 3. Insecticides acting on GABA receptor.

The supernatant was carefully removed with cold pipette and centrifuged a second time at 15000
g, 4°C for 20 min to sediment the P2 fraction. The supernatant was carefully removed as above
and the P2 pellet immediately resuspended in 1 mM EDTA disodium salt solution. The P3

suspension is dialyzed using dialysis bags for three successive times (2 hr each) against deionized
water at 4°C and then centrifuged at 25,000 g, 4°C for 30 min to obtain P2 pellet which were
stored at -80°C until used. For large scale preparation of membrane receptor batches of 60 g
each of cows brain were used following the procedure described above. A total of 2 kg of cows
brain was used producing 8 g of crude receptor. Fresh receptor preparations were also freeze
dried to study the effect of freeze drying on the receptor activity. The frozen pellets were
resuspended in 5.6 ml of 5 mM Tris-HCl/200 mM KBr pH 7.5 buffer at 4°C and the protein



concentration was adjusted to O.fr mg/ml by dilution with the buffer. Protein content of the
receptor was determined eolonmeincly as described by Bradford (1976),

, of..TBPS.and...anajities standard and working solutions:

Mnlabeled TBPS:

Tertian- butyl bicyclophosphoroihionate (TBPS) was obtained from NEN-DuPont Inc.
Stock solution of 485.9 n mole/ml was prepared by dissolving (1.08 mg) of TBPS in 10 ml
DMSO. This stock solution was adjusted to 400 p mole/^l by dilution of 8.232 ml to 10 ml with
DMSO. Working solutions of TBPS with concentrations of 0.02 to 2 nM were prepared by
diluting the stock solution wiih DMSO.

f "SI-TBPS:

400 pmol of ["SJ-TBPS in 5.3 ul of ethanol was dissolved in 10 ml of 5 mM Tris-
HC!/200mM KBr buffer at pH 7.5 to obtain a standard solution of 40 p mol/ml. Working
solutions of concentrations ranging from 0.4 to 2 nM were prepared by appropriate dilution of
the standard solution with DMSO.

Endosulfan:

Endosulfan was obtained from EPA,( CAS 959-98-8 in dioxane at concentration of 1000
ug/ml, QAS 93-01-05). Stock solution of «-endosulfan was prepared by dissolving 250 ^g of
endosulfan in 10 ml of DMSO. A set of working solutions of endosulfan of concentration
ranging from 2 - 500 p mole/5 ul were prepared by the appropriate dilution with DMSO. 5 /il
of each concentration was spiked either into 1 ml blood or 1 ml of 5mM Tris-HCl/200 mM KBr,
pH 7.5 buffer solution to give another working solutions of concentration range 0.2 - 50 nM.

Ketonendrin:

Ketonendrin was obtained from EPA Research Triangle Park, NC (Lot No:CO5L), purity
of 97.5-^. Ketonendrin (10 mg) was dissolved in DMSO and completed to 10 ml to obtain the
first standard solution of I mg/ml, then 100 /xl was diluted with DMSO and adjusted to 10 ml
to obtain a second standard solution of 0.1 mg/ml. Different working solutions of concentration
from 0.2 to 160 nM were prepared by diluting the standard solutions with DMSO.

Endrin was obtained from EPA Research Triangle Park, NC (Lot No: C06J) with Purity
of 99.7%. First stock solution of endrin was made by dissolving 9.3 mg in DMSO and
completed to 10 ml. A second standard solution was prepared by diluting 200 p\ from the first
stock solution with DMSO and adjusted to 10 ml. Different concentrations of endrin ranged from
1 to 300 nM were prepared.



Lindane was obtained from EPA (EC-1Q2-C1, CAS 12-21-88, purity of 99.8%). Stock
solution of lindane was prepared by dissolving 30 mg in 100 ml DMSO to get concentration of
5155 p mole.'5ul. A set of working solution of lindane with concentration ranging from 20 to
3000 nM were prepared by appropriate dilution of the stock solution with DMSO.

Heptaehlor:

Heptachlor was obtained from EPA (CAS 76-41-8) at concentration of 5000 ug/ml in
ethanol (QAS 88-01-05). Stock solution of heptachlor was prepared by dissolving 0.5 ml of
reference solution in a final volume of 2 ml in DMSO. A set of working solutions of
concentration ranging from 50 to 6500 nM were prepared by appropriate dilution in DMSO.

Heptachlor epoxide

Heptachlor epoxide was obtained from EPA (CAS 1024-57-3/QAS 99-01-03) at
concentration of 2500 ug/ml in methanol. Stock solution of heptachlor epoxide was prepared by
dissolving 93.45 ug in 3 ml of DMSO. A set of working solution of concentration 8 to 512 nM
by appropriate dilution in DMSO.

Dieldrin;

Dieldrin was obtained from EPA (CAS 60-57-1/QAS 88-03-01) at concentration of 1000
ug/ml in methanol. Stock solution of dieldrin was prepared by dissolving 228.5 ug of dieldrin
in 3 ml of DMSO. A set of working solutions of concentration ranging from 4 to 1600 nM was
prepared by appropriate dilution in DMSO.

Aldrin:

Aldrin was obtained from EPA ( CAS 309-00-2/QAS 220-02-02) at concentration of 5000
ug/ml in methanol. Stock solution was prepared by dissolving 2190 ug in 3 ml DMSO. A set
of working solutions of concentration 250 to 8000 nM was prepared by the appropriate dilution
of the stock solution with DMSO.

Toxaphene:

Toxaphene was obtained from EPA (CAS 8OOl-35-2/QAT5/83)at concentration of 5000
ug/ml in hexane. Stock solution of toxaphene was prepared by dissolving 205.2 ug toxaphene
in 3 ml of DMSO. A set of working solutions of concentration of 25 to 800 nM was prepared
by appropriate dilution of the stock solution with DMSO.

Determination of Specific Binding of f35Sl-TBPS.

A stock solution of the [J5S>TBPS (NEN Research Products of DUPONT, NEG-049) of
specific activity > 60 Ci/mmol) is freshly prepared for each experiment set by adding[3SS]-TBPS



i-U) p mole in 5 /«! cthanol) to 10 ml of 5 mM Tris-HCl/2QQmM Kbr Ph 7.5 buffer (for Uialyzed
membrane assay). An aliquot 0.5 ml containing 2 pmole[)SS]-TBPS is then added to a glass
incubation vial (20 ml) followed by the addition of 5 /*! DMSO. After 2-3 minutes at 37°C for
temperature equilibrium, 0.5 ml of the membrane preparation ( 0.25 mg protein) is shaken at
medium speed for 30 minutes at 37°C in shaking incubator. In another identical experiment 2
n mole of unlabeled TBPS in 5 /xl DMSO is added in the beginning of the experiment.
Bound['5S]-TBPS is determined by quickly diluting each sample with 5 ml ice-cold buffer and
filtered through pre-wetted glass microfiber filter with a filtration manifold operating under
vacuum (Brandel Co., Gaithersburg, MD). The filters are rapidly rinsed (in 5-7 seconds total
time) with two additional 5 ml aliquots of ice-cold buffer, then transferred to glass scintillation
vials containing 10 ml of 2,5 diphenyloxazole (0.55% WV) in a toluene methylcellasolve (2:1)
mixture for direct liquid scintillation counting. Total and nonspecific [3SS] TBPS binding are
determined in the absence and presence respectively of the unlabeled TBPS. Specific binding
is the difference in total and nonspecific binding.

Determination pf Binding Affinity of Chlorinated Insecticides

Binding affinity of insecticides under investigation to the GABA receptor were measured
by incubating the radiolabeled TBPS-receptor with solutions of the analities at concentrations of
2 nM up to concentrations that will totally replace TBPS. ICj0 were determined by plotting log
the concentration vs % radioactivity remained on the receptor.

RESULTS AND DISCUSSION

Specific Binding of I "S] TBPS AND Chlorinated Insecticides With GABA Receptor:

Binding of the selected chlorinated insecticides and radioactive TBPS to the GABA
receptor was determined as described in the experimental section. Radioactive displacement of
the labeled receptor as a function of concentration are shown in figures 4 and 5. The results
showed a linear relationship between the concentration and the amount of radioactive TBPS that
is bound to the receptor. ICS0 and the lowest detection limits are shown in table 1.

Standard Calibration solution of Human blood spiked with <x-Endosulfan:

Human blood was spiked with «-endosulfan at concentrations ranging from 1-40 nM and
the amount of endosulfan was determined using the radioreceptor assay as described in the
experimental section on the crude blood without any treatment and from the blood plasma that
was obtained by centrifugation of the blood and by the solvent extraction of the blood with
methylene chloride. The percent recovery of the three methods of extraction showed that using
the whole blood without any treatments gave the best recovery (83.9%). Therefore, the
advantage of this method is to use the blood directly without any treatment. On the other hand,
the two other methods (plasma and methylene chloride extract) showed either higher or lower
recovery values respectively. Radioreceptor assay of endosulfan in spiked blood and in the
working buffer solutions was carried out for both calibrated solutions at concentrations ranging
from 1 to 200nM. Concentration of endosulfan in spiked blood and in spiked buffer solutions
was also determined using the freeze dried receptor preparation. The results show that freeze



dried preparation may replace she fresh preparation without significant losses of activity.
The above results showed that the minimum detection limit in the radioreceptor assay is 1 nM
while the limit detection concentration in blood is 10 nM. The results shows also that the linear
relationship between specific binding and the concentration of «-Endosulfan started from 5 nM
in the assay and 50 nM in blood or buffer and stay linear for higher concentration until all of
the TBPS is displaced. By comparing our results with other analytical methods the radioreceptor
assay is more sensitive and selective.

The evidence at hand suggests that receptor-bound pollutants, rather than totai tissue
concentration, may provide a more accurate measure of exposure to environmental chemicals.
However, since most tissues are not readily accessible for routine monitoring, a surrogate
biomarker of exposure may be developed using receptor-bound pollutants present in the formed
elements of the blood. Assessments may be made of external exposure, i.e., the sum of the
pollutants presented to the absorptive surfaces of an organism, or of internal dose, i.e., the
amount of pollutants actually absorbed.

At the molecular level, a chemical pollutant or its reactive metabolite binds to a receptor
protein which may in turn produce a disturbance in intermediary metabolism at the cellular level.
When the disturbance is of sufficient degree, a perceptible and measurable biochemical,
physiological, or behavioral dysfunction occurs. The degree of dysfunction, as determined by
controlled laboratory studies, provides a measure of the toxicity of the chemical. The close
association of pollutants-receptor concentration with the metabolic processes leading to toxicity
suggests that exposure assessments based on the amount of pollutants bound to receptor protein
may support more accurate risk assessments than those based on the total am *<nt of pollutants
present in the organism or one of its tissue compartments.

Table . ICJ0 (nM) of Chlorinated Insecticides to GABA Chloride Channel Receptor

Insecticide IC50 Insecticide ICS0

Endosulfan-I
Endrin
Ketoendrin
Heptachlor
Heptachlorepoxid

11
24
30
1100
290

Toxaphene
Aldrin
Dieldrin
Lindane
TBPS

325
1800
260
300
25
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Computer-Assisted Molecular Modelling and Prediction of
the Physical, Chemical and Biological Fate

of Environmental Pollutants
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ABSTRACT

Knowledge about the physical, chemical and biological degradation of environmental pollutants
is the key to evaluating their toxicological effects and environmental fate. Laboratory
identification of metabolites and studies of environmental degradation are very costly and time-
consuming. Several artificial intelligence software packages capable of predicting metabolism,
hazardous effect and environmental fate of environmental pollutants have recently became
available. In this paper, the results of using computer-assisted modeling for the prediction of
metabolism, environmental fate and hazardous effects are discussed and compared to those
actually obtained from data derived by laboratory techniques for selected groups of
environmental pollutants and agrochemicals.

INTRODUCTION

Computer-aided artificial intelligence has recently been demonstrated to have great
potential applications in the fields of chemistry and environmental research (1). Artificial
intelligence normally deals with situations that require symbolic rather than numerical data and
whose solutions rely more on logical reasoning than calculation. Within the environmental
pollution systems there is great opportunity for the use of artificial intelligence techniques to
predict chemical, biological or environmental degradation products along with their properties
and associated data. A possible application of artificial intelligence to environmental pollution
chemistry and biochemistry is the utilization of the technology of "expert" systems. Such
systems are characterized by their ability to extrapolate from information that may be inexact
or incomplete, operating on a system of rules containing tne knowledge required to solve a
particular problem. Recently, several software packages targeted at specific areas of prediction
have been developed for possible application in the field of environmental pollution. This paper
deals with the application of Computer-Aided Molecular Prediction (CAMP) software for
prediction of pollutants chemistry, photochemistry, metabolism, partitioning between water and
octanol ( calculated as log P), and their possible environmental hazardous effects. These
programs were developed by CompuDrug USA Inc. of Austin, Texas. The software systems
encode the knowledge of an expert in the form of rules, which can be used to reach a conclusion
based on the user's input into a database.



Predict!;)!: of Biological Degradation of Pollutants

Exogenous chemicals entering a living system can undergo a number of chemical modifications
by a wide array of enzymes which use these chemicals as substrates. Rarely does a compound
simply produce a single metabolite. In general, complex metabolic patterns of competitive and
sequential reactions occur. Metabolic pathways can be classified into two groups, Phase I and
Phase 11. Reactions in Phase I involve the transformation of specific functional groups in the
molecule, thus introducing new reactive functional groups. As a general rule, the resulting
metabolite displays an increased water solubility as compared to the parent molecule. On the
other hand. Phase II enzymes bring about conjugations to various endogenous substrates, such
as sugars and amino acids, thus forming exceedingly water-soluble products that are readily
excreted. The metabolic fate of a molecule is highly dependent upon its structural elements.
This fact provides the basis for treating molecules as sets of substructures when formulating the
rules of possible metabolic transformations. For, example, although direct conjugation is not
infrequent. Phase I reactions usually precede Phase II reactions in the biotransformation of most
compounds. While products of Phase II reaction are not usually metabolized further, a
metabolite generated through a Phase I reaction may undergo subsequent biotransformation. In
general, closely related substances have rather similar metabolic fates. Therefore, it is
reasonable to make use of the accumulated data in the literature or from direct experimentation
to predict the metabolic fate of unstudied compounds. Data concerning species specificity and
prioritization of the predicted metabolites can also be used for similar prediction.

The most important requirement of a Computer-Assisted Molecular Prediction (CAMP)
system is that it should significantly contribute to the realization of the long-range scientific
objective of the field, the formation of a unified theory of structure-metabolism relationship.
Based on a reliable theoretical foundation, CAMP is expected to meet the most important
practical aim of many metabolism researchers by providing substitution or partial substitution
of time consuming and expensive experimentation with economical calculations.

Two programs were used in this study: 1) AGROMETABOLEXPERT, which was
developed for predicting metabolic pathways of agrochemical compounds in plants; and 2)
METABOLEXPERT, which predicts pollutants metabolites in several organisms such as
microorganisms, insects, and mammals, including man. They also allows the user to modify
and complete the metabolism transformation knowledge base by drawing from his own
experiences or from updated literatures. The knowledge base and the inference rules of these
programs are based on literature data of the metabolic fate of many important agrochemical types
in various plant species. METABOLEXPERT might be used to improve the predictive
ability of the system in a specific case. During the generation of metabolite predictions,
METABOLEXPERT tries to match generalized metabolic transformation rules listed in the
knowledge base with substructures of the parent compound or its metabolites. In addition to this
mainly retrosynthetic approach, the program can also "reason by analogy" on the basis of a
representative collection of compounds with known metabolic trees.

The knowledge base of both programs is composed of the following four elements: 1)
the substructure changed during the metabolic transformation, 2) the new substructure formed,
3) a list of substructures from which at least one should be present in the molecule for the



transformation to occur, and 4) a list of those substructures whose presence prevents the
metabolic transformation. An example of one of the basic transformations of the program
knowledge data base, the acylation of glycine is shown in Figure 1,

TRANSFORMATION NAME: F23_CONJUGATION WITH GLYCINE
REAGENT: Glycine-N-Acylase
REACTION CLASS: Phase II
REACTION TYPE: 8 Amino acid conjugations
ACTIVE SUBSTRUCTURE: 2-04
REPLACEMENT SUBSTRUCTURE: 2-N5-6-9=O10,9-OU
POSITIVE SUBSTRUCTURES: 1-2=03
NEGATIVE SUBSTRUCTURES: O4-X12 :1-N13-14=O15

14-X16 :O17-1-18-O19

Figure 1. Example of basic transformation of the knowledge maintenance data base.

In this example the hydroxyl group (2-04) of the active substructure (acyl group) are
replaced by -NH-CH3C00H group. The presence of a structural part described in positive
substructures ( C = 0 ) is essential for the performance of the transformation, i.e., the hydroxyl
group must be a part of a earboxylic acid group. The presence of any of the negative
substructures will prevent the reaction from occurring. In Figure 1, the presence of any atom
other than hydrogen connected to the oxygen of the carboxyl group will prevent the reaction
from proceeding.

The description of a transformation rule is completed by its classification as a Phase I or
Phase II reaction and its type. The product of a Phase II reaction will not be metabolized
further, while a metabolite generated through a Phase I reaction may undergo subsequent
biotransformation. In the example shown in Figure 1, the glycine conjugate will not be
metabolized further, since its high hydrophilicity will most likely result in rapid elimination from
the body rather than further metabolism. The agrochemical program contains 60 pesticides
stored in the data base with their metabolites. The metabolexpert contains 200 compounds in
the analog knowledge base, all of which are pharmaceutical drugs.

The predictability of metabolites of several environmental pollutants ( unknown to the
programs data base) belonging to different groups were examined. One of the toxic components
(toxicant B) of the toxaphene mixture (2), is shown here as an example of chlorinated
insecticide. The AGROMETABOLEXPERT program was used to predict metabolites in plants,
while the METABOLEXPERT program was used to predict metabolites in animals and
microorganisms. The results for the major metabolites of the examined compounds were
identical to those obtained in laboratory measurement. Metabolites of toxaphene component B
(figure 2) were predicted in general mammals using the METABOLEXPERT program, and the
predicted products were similar to those reported in laboratory measurements on mammals
(2,3,4). The metabolic pathways may be generated automatically or under manual control.
Transformation possibilities are searched in the order in which they appear in the knowledge
base. After finishing the prediction of the first-order metabolites, second- and higher-order
products are predicted. It is possible to limit the maximum number of predicted metabolites.



By searching manually, it is possible to exclude the prediction of a metabolite and its higher-
order metabolites. The program does not look up the metabolites in a data base. Rather, the
database stores inference rules based on literature dau > <" the metabolic fate of some pesticides
in various plant species. The program examines the structure of the compound of interest at
every possible transformation site and uses the stored rules of metabolism to predict what will
happen. The software also allows users to modify, teach, and complete the metabolism
transformation knowledge base. This teaching ability is very useful for improving and updating
the prediction ability of the system. The ability to modify and expand the knowledge data base
can also provide a means for building new data bases for nonbiological transformations such as
photochemical and chemical degradation of compounds. The user simply provides the active
functional group, the product of photochemical or chemical reactions and the functional groups
in the rest of the molecule that allow or prevent the transformation. Metabolites can also be
listed in one or more selected species, along with their respective excretion percentages. These
percentages represent the total amount detected in the various excreted fluids and waste products
following administration of the parent substance.

In our experience the system has the following theoretical and practical problems:
1. Current formulation of the rules treats compounds as independent sets of

substructures. This approach makes it difficult to draw conclusions when a
property assigned to the whole compound controls the metabolic transformation.
A good example is the p-hydroxylation of aromatic rings in non-condensed
polyaromatic compounds, where normally only one or a few benzene rings will
be hydroxylated.

2. Stereoselectivity is not handled by the system, while a number of metabolic
reactions cannot be treated without considering stereoselectivity.

3. Controversial difficulties arise on attempting to formalize rules when selectivity
within and between species, or dependency on experimental conditions may
seriously influence metabolite formation.

Prediction of Bioconcentration and Environmental
Hazards of Metabolites

Physical and toxicological properties of environmental pollutants may be predicted by
using another package which calculates lipophilicity as the partition of the compound between
octanol and water as a log (pK,,,,.) as well as bioavailability and bioconcentration factors.
Lipophilicity is a very important molecular description because it is often well correlated with
the bioactivity of chemical entities. There are numerous difficulties in the experimental
determination of real log P, often due to hydrolysis, chemical degradation or extremely low
solubility of the tested compound. For these reasons, a wide range of partition coefficients may
be measured depending upon the solvent systems, the selectivity of the analytical method, and
the method of detection. Since published data are measured on a wide range of temperatures,
the likelihood of comparing published versus experimental data is not good.

A number of theoretical methods have been developed to predict log P, the Rekker's
method (5) is the most widely used method. The program PRO-LOGP, a logic based expert



system, calculates hydrophobieity of organic compounds using the Rekker's algorithm. Another
expert system, HAZARDEXPERT is capable of predicting the overall health hazard effect of
the metabolites relative to the parent compound and also calculates log P and pK,. It can
estimate both chronic and acute toxicity of organic chemicals in different animals, plants, and
microorganisms. The log P and pKa calculated by this program are not quantitative and can
only be used for comparing a set of chemicals of the same family. The PRO-LOGP program is
more accurate. Predicted log P for DDT and its methoxy analog which is less fat soluble are
shown in Figure 3. The predicted results are consistent with experimental values.

Toxicological evaluation of the carcinogenic metabolite benzopyrenediol for mammalian
inhalation as compared to the parent compound benzopyrene, are shown in Figure 4, The
program predicted a stronger hazardous effect for the diol relative to benzopyrene. It also
showed that the metabolite is more water soluble than the parent compound. The columns on
the right side of the figure represent different toxicodynamic effects (i.e., oncogenicity,
mutagenicity, teratogenicity, and membrane irritation as well as other chronic, acute, and
neurotoxic characteristics). The two columns on the left side of the figure provide information
on the modifying effects of the internal intensive parameters of the molecule on the toxic effects.
The areas above and below the horizontal axis express the ratio of arguments supporting and
opposing the hypothesis that tne molecule is toxic. The three characteristics of the compound
being investigated (MW, log P and pKa) are shown in the bottom right corner of each
illustration. The striped areas on the right side of the figure can be larger or smaller than the
respective columns corresponding to the toxico-dynamic effects, according to the deviations of
the external factors from the basic interpretations. The striped part of the column represents the
role of bioaccumulation which increases with exposure. The integrated prediction shown at the
bottom summarizes the partial judgements corresponding to the properties of the molecule and
all its inherent toxic characteristics, and the effects originating from the interaction with the
organism. The top right column refers to the greatest toxico-dynamic component in the
molecule. The left column represents the average of the intensive internal factors which support
the toxicity of the given substance. The bottom left column represents the average of the
intensive internal, which opposes the toxicity of the given substance. The bottom right column
represents the uncertainty of the judgment expressed in the top right column. This uncertainty
is calculated from a ratio of the unsubstantiated answers of the experts surveyed in the
referenced EPA report (6). The dotted line is calculated from the toxico-dynamic effect (i.e.,
the top right column), modified by the results of the intensive factors (represented by the left-
hand side of the diagram). The solid line that marks the final result of the estimation is derived
from the result above, taking into consideration the effect of the external parameters. Its valu<*
is a number between 0 and 100. A percentage shown in the lower portion of the screen in
brackets (following a statement concerning the measure of the overall health hazard effect of the
compound) lies in the following ranges:
(0-4) NO Hazardous Effect, (5-14) Low, (15-29) weak, (30-44) Medium, and (45-100) Strong.
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Figure 3. Predicted log P of the insecticide DDT (left) and its less fat soluble methoxy analog methoxychlor (right).
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Figure 4. Environmental hazardous effects of benzopyrene (left) and its carcinogenic metabolite benzopyrenediol (right).



Conclusion

CAMP offered great advantages in organizing and updating databases for biotrans formation of
environmental pollutants and to predict their metabolism, toxicological properties and
environmental haaardous effects. The compound can be known, or it can be a new structure. The
programs do not look up the products or effects in the database; they examine the structure at
even,1 possible transformation site and use stored rules to predict its effects. While CAMP can
provide the means for suggesting possibilities, it will not totally replace laboratory experiments.
The learning ability of the programs allows further application for predicting nonbiological
transformation such as photochemical and chemical degradation. This capability will greatly
enhance the storage and knowledge information of pesticides degradation.

Acknowledgements

This work was supported by U.S EPA grant #CR814342-01. Although the research described
in this article has been supported by the U.S EPA, it has not been subjected to Agency review
and, therefore, does not necessarily reflect the view of the Agency, and no official endorsement
should be inferred.

Literature Cited

1. Hopkinson, G.A.; Judson, P.N. Chemistry in Britain. 1989, pp 112.

2. Saleh, M.A.; Turner, W.V.; Casida, J.E. Science. 1977, 198, 1256.

3. Saleh, M.A.; Skinner, R.F.; Casida, J.E. J. Agric. Food Chem. 1979, 27, 731.

4. Saleh, M.A. Rev. Environ. Com. Toxic, 1990, in press.

5. Rekker, R.F. 77ie Hydrophobic Fragmenml Constant, Its Derivation and Application.
A Means of Characterizing Membrane Systems; Publisher: Elsevier, Amsterdam 1977.

6. Brink, R.H.; Walker, J.D., EPA TSCA1TC Interim Report, Rockville, MD, June 4,
1987.



REMOVAL OF HAZARDOUS MATERIALS:
DECONTAMINATION OF SOILS AND GROUND WATER AT

A HAZARDOUS WASTE DISPOSAL SITE

Haydar Erdogan, Ph.D.
Research Scientist

New Jersey Department of Environmental Protection
Trenton, New Jersey 08625

George J. Halasi-Kun, Ph.D.
Chairman

Columbia University Seminars on Pollution and Water
31 Knowles Avenue, Pennington, New Jersey 0853A

ABSTRACT

Improper and indiscriminate hazardous waste disposal resulted in several
contaminated sites in the United States. The U.S. has over 32,000 potential
sites throughout the country. There are 1,200 identified National Priority
sites across the U.S. with most states having 10 or more sites. The state of
New Jersey has the most number of superfund sites in the U.S.

In this paper, potential soil and ground water decontamination methods
including factors affecting performance of each method and application of the
methods are analyzed. Additionally, cleanup of a superfund site in New Jersey
including geology, hydrogeology of the site, extent of ground water
contamination and soil and sediment contamination and proposed final remedial
action are examined.

INTRODUCTION

Past improper and indiscriminate hazardous waste disposal resulted in
several contaminated hazardous waste sites in the United States (U.S.). Those
sites are causing ground water, surface water and land contamination.
Leachate emanating from these sites migrates through the underlying soil
strata to the ground water. Surface runoff from the sites flows to surface
waters. Contaminated sites pose a serious threat to public health and safety,
and the environment.

The most common approaches to this problem have been to condemn
contaminated site or to divert surface runoff away from the contaminated area
through the use of trenches, barriers and swales. Small areas of contaminated
soils have on occasion been dug up and buried in a landfill. Impoundment or
isolation of the contaminated sites is a temporary solution. Gradual
destruction of barriers, trenches and spillways by the internal and external
forces could start the same problem over again. Removal of the contaminants
or detoxification of the site should be the primary concern when choosing a
remedial measure.

The United States has over 32,000 potential sites throughout the county
[1]. There are 1,200 identified National Priority sites across the U.S., with
most states having 10 or more sites. The State of New Jersey tops the list in
number of superfund sites. There are over 100 identified National Priority
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sites across Che Stae of New Jersey. Those sites create serious environmental
problems including air pollution, ground water contamination and surface water
pollution. These sites are threat to public health and the environment.

The purpose of this paper is to discuss potential cleanup methods briefly
and to present a case study including the degree and extent of soil and
sediment contamination, ground water and surface water contaminations, geology
and hydrogeology of the site and final remedial measures chosen for cleanup of
the site.

SITE CLEANUP METHODS

Site cleanup methods can be divided into two categories:

1) Soil cleanup methods, 2) Ground water cleanup methods.

Soil cleanup methods are used to remove contaminants from the surface and
subsurface soils. Soil cleanup methods (soil detoxification methods) involve
physical, chemical and biological processes. A proper selection cf soil
cleanup methods require an understanding of how contaminants are held within
the soil matrix. There are several factors that have to be considered in
selection of the cleanup methods. Those factors include physical parameters
such as soil moisture content, bulk density, pore space, particle density and
size, type of soil, soluble salts and temperature and chemical parameters
such as pH, cation exchange capacity, acidity, alkalinity, nitrogen, soil
organic content, type of contaminants (organic or inorganic).

Several methods have been developed to remove contaminants from the
soils. These methods can be grouped into two categories [2]:

I. Excavation and Treatment Methods

a. Excavation and revegetation

1. Landfilling

2. Incineration

b. Wet Chemical processes

1. Hydrolysis
2. Dechlorination
3. Photolysis
4. Chemical oxidation
5. Extraction and scrubbing

II. In-situ Treatment Methods

a. Soil activation
b. Vegetation uptake
c. Inoculation
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1ANPFTLLING

Landfilling involves excavation and transportation of the contaminated
soils to a secure landfill for disposal. Landfills used for disposal of Che
contaminated soils should be equipped with proper environmental safeguards
such as leachate containment system (liners), leachate collection and removal
system and capping system and monitoring system including ground water
monitoring, methane gas monitoring and surface run off control. Once landfill
is closed, capped and vegetated, it should be maintained regularly for some
years in order to protect integrity of the capping system and other landfill
structures.

Incineration is a method of thermal destruction of contaminants contained
in the soil. This technology has been used for disposal of solid/liquid
wastes and municipal solid waste. Incinerators are capable of destroying
99.99 percent of toxics at temperatures of 1650°F and above. Incineration
have been used for destruction of polychlorinated biphenols (PCBs), dioxins
(TCDD), furans (TCDF), chlorinated hydrocarbons, and other organic compounds.
Although it might be the most expensive disposal method, there is basically no
limit to the type of organic material that can be disposed of by incineration
provided that sufficient auxiliary fuel is used.

Some of the important factors to be considered in the design of an
incinerator include combustion temperature, residence time, amount of oxygen
required, physical and chemical characteristics of the contaminants to be
disposed of.

Air pollution is the main concern in incineration of contaminants.
Incineration of toxic and hazardous contaminants produce variety of toxic and
hazardous gases that affect public health and the environment. Proper
environmental controls such as cyclones, wet scrubbers, electrostatic
precipitators and baghouses should be provided to prevent emission of toxic
gases and particulates.

Incinerated soil should be returned to the site and the site should be
vegetated and restored to the original state. Since incinerated soil does not
contain any nutrients, nutrients should be provided to grow vegetation.

. PROCESSES

This process involves mixing large quantity of contaminated soils with
water and agitating the resulting slurry.

Hydrolysis

Hydrolysis appears to be the most practical and reliable method for
destroying organophosphorous and carbonated pesticides [3]. Hydrolysis can be
achieved by acid, enzyme or by direct microbial attack. Enzymatic hydrolysis
is usually the cleanest of the three. Acid hydrolysis has been practiced for
many years in the chemical industry. In terms of practical application, acid
hydrolysis is by far the most commonly used method. Factors affecting rate of
hydrolysis include soil pF. temperature, soil organic content, substrate
concentration and 6oil moisture.
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Dechlorination seems to be very .successful for degrading polychlorinnted
pesticides. This method has been developed to treat and dispose hazardous
chlorinated hydrocarbon containing soils. Dennis[A] has indicated that
t-butyl alcohol, tetrahydrofuran and lithium or sodium metal can be used tor
the dechlorination. Several deehlorination processes have been developed by
the different companies for destroying PCBs, dioxin and furans containing
soils and wastes.

Photolysis is a photochemical process that degrades dioxins, PCB and other
polychlorinated organic compounds utilizing sunlight or ultraviolet rays.
Experiments conducted by the Girauden Research Company Laboratories have shown
that under the ultraviolet (UV), stability of dioxin is greatly reduced, and
natural degradation process is accelerated in the presence of hydrogen
donors[5].

Chemical Oxidation

Chemical oxidation is mostly used for destruction of liquid wastes. It
has a limited application in contaminated soils. 2,4-D, 2,4,-T and other
organic pollutants can be oxidized by chlorine dioxide. This method has not
been fully investigated as a soil cleanup method.

Extraction and Scrubbiof

Soil scrubbing or solvent extraction is a widely used method for
extracting organic and inorganic pollutants from the soil. Amy, &i ai.[6]
have investigated the mechanism of the extraction of organic pollutants in oil
shale using water as extraction solvent and have reported that internal
diffusion in the most likely rate limiting mass transfer mechanism.
Erdogan[7] has investigated mechanism of leaching of metals from coal
conversion solid waste and has developed a mathematical model considering
intraparticle and internal diffusions as the rate controlling mechanism. The
pH of the soil, particle size, mobility of contaminants, and type of soil also
play an important role in the process of the extraction.

IH-SITP TREATMENT METHODS

In-situ soil decontamination have a lower probability of destroying
contaminants then the excavation and treatment methods. However, they are
less costly and less destructive of the environment.

Soil Activation

Some contaminants within the soil matrix can be removed by soil
microorganisms. The properties of the soil such as pH, oxygen content,
moisture content, organic content and temperature should be adjusted to
maximize its inherent capacity to degrade toxicants via chemical and
biological mechanisms. Natural soil degradation processes are well-
documented in the literature. Degradation of a number of pesticides has been
achieved by manipulation of soil parameters[8].
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Several studies have been conducted to investigate the impact of physical
and chemical parameters affecting the rate of the biodegradability of
contaminants 19]. Of the parameters being studies pH, temperature, oxygen
uptake, soil moisture, soil nutrient content and solubility of pollutants were
all reported to play a major role on the process of soil activation.

ytptqke

Another soil decontamination method is called vegetation uptake. In this
method, crops capable of extracting contaminants from the soil are used for
removal of toxic chemicals. Those crops must in turn be harvested and hauled
away for disposal, usually by incineration or landfilling. Such removal of
contaminants is limited to the upper layers of the soil. However, research in
this area is in a very preliminary stage and it has not been demonstrated
whether soil contaminated with several toxic compounds can be cleaned up to
any significant extent by planting and harvesting vegetation.

Inoculation

Inoculation is a method of removing contaminants from the soil by
introducing microorganisms capable of biodegrading toxic substances into soil
environment. Kobayashi and Rittmann[10] have conducted an in-depth evaluation
of the potential microorganisms for removing priority pollutants and related
compounds and have reported that every class of man made compounds can be
biodegraded by some type of microorganisms. They have given a list of
microorganisms that participate environmentally significant b.lodegradation
reactions. The key control parameters of the process include pH, nutrient
availability, oxidation-reduction potential, moisture content and solubility
of compounds. Appropriate micro-organisms are not known for many
contaminants. More study is needed to provide the wide variety of micro-
organisms for complete biodegradation of different classes of toxic compounds.

GROUND WATER flTfff*!""* METHODS

Ground water decontamination involves removing contaminated ground water
from the aquifer by series of production wells and pumps and reinjecting
cleaned water back to the aquifer system after a treatment and cleanup. There
are two methods commonly used for ground water decontamination, namely: air
stripping, and actived-carbon treatment.

Air

Air stripping is used to remove volatile organic compounds from the ground
water. Air strippers (aeration columns) volatilize compounds from the water
phase into the vapor phase due to concentration differences of the compounds
in the air and water. Treatment efficiency of this method ranges from 98
percent to 99.9 percent removal of organic compounds. This method is only
good for volatile organic compounds. It has low maintenance and operation
costs.
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Activated carbon has been used widely in wastewater treatment. It has
also successfully been used to cleanup ground water at several contaminated
sites across the country. Activated carbon when contacted with water
containing organic material, will remove these compounds by combination of
absorption of the less polar molecules, filtration of the large particles and
partial deposition of collidal material on the exterior and interior surface
of activated carbon. Activated carbon has a large and highly active surface
area per unit weight.

Usually, mobile activated carbon treatment system is setup on the site for
decontamination of ground water. After the treatment cleaned water reinjected
into the ground. Some of the factors affecting performance of this Method are
size of the molecules, solubility of contaminants, internal diffusion
resistance.

Several companies offer mobil activated carbon treatment system.
Activated carbon treatment method is used to remove organic contaminant from
water. It is not effective for inorganic contaminants. With two 10,000 lb
carbon beds, the system is capable of treating 250 gallon/minute of
contaminant water.

After this brief discussion about soil and ground water decontamination
methods, rest of this paper will be devoted to a case study that utilized some
of the methods discussed in this paper.

CLEAN OP OF A CQNTAMIHATKD SITE

The first step in remediation of a contaminated site is to perform a
comprehensive site evaluation and characterization study which includes
identification of sources of contamination, extent and nature of
contamination, potential risk resulting from the site and immediate threat to
public and the environment. Halasi-Kun(ll) has indicated that historic
records, map6, topographic and geologic surveys and a real photos can be used
to identify location and potential sources of contamination. This will help
the project management team quickly pinpoint potential problem areas. The
second step in remediation of the site is to evaluate geology, hydrogeology of
the site, to determine quality of ground water and surface water and to
develop alternative remedial mesures and to estimate cost of decontamination
of the site. Suitability of various cleanup activities and risk and cost of
each activity should be a part of this investigation.

Site discussed in this paper is a 60 acre property located in the central
New Jersey. The site consists of three lots. The wastes were originally
deposited on the easternmost lot and gradually moved to the other two lots.
There are five (5) sources of contamination located on the site[ 12j: 1) four
lagoons, three of which have been filled with the waste, 2) Drums of unknown
composition and origin, 3) pile of oil material mixed with soil, U) tar soils
and harried waste in defoliated areas, 5) waste discharged in low lying areas
to the south and west of the lagoons. Figure 1 shows contaminated areas and
ground water flow direction. Contamination of soil, ground water and surface
water has resulted from the improper disposal of hazardous substances at the
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site, Pamaged and overflowing lagoons further contributed to the problem.
Site investigation concluded that various contaminants including PCBs, lead,
trichloroethylene, benzene, toluene and dichlorophenol are present in the
rioils and ground water.

The site soils have been generally described as well-drained sands in the
upland areas, and more poorly-drained, acidic, loamy sands in the low-lying
wetlands adjoining the site. The site is located in the outcrop area of the
Englishtown Formation, a locally significant shallow aquifer which is a member
of the Matawan Group of upper cretaceous Age. The formation is reported to be
typically a series of light gray to white, thin, cross-stratified, fine-to-
medium grained, lignitic, quartes and send beds intercalated with thin beds of
dark gray, sandy, silty clay and clayey silt[13]. Figure 2 show a schematic
cross-section of the site and existing geological region.

Hydrogeology

Based on the data obtained from the hydrogeologic study of the site, it is
determined that the Englishtown Aquifer ranges from a single 45-foot sandy
layer east of the site, to two aquifers, upper and lower, separated by the
10-foot thick upper clay lens. It is estimated that the upper aquifer is
generally unconfined and composed of micaceous, fine to medium sand.
Saturated zone of this aquifer ranges from 0 to 12 feet in thickness. Figure
3 represents ground water levels measured at the upper aquifer. As shown on
Figure 3, ground water appears to flow almost radially outward from a ground
water mound located in the vicinity of lagoon 1. The data also indicates that
ground water discharges immediately downhill from lagoon 4 into the westerly
wetland area.

Result of short-term pumping test indicates that transmissivity of
approximately 9,500 gallons per day per foot (GFD/ft) of drawdown during
pumping and about 6,750 (GPD/ft) during recovery were obtained. Estimated
permeability values ranged from 19 to 21 feet per day (ft/day). The estimated
overall rate of ground water flow in the upper aquifer was calculated to be
0.90 ft/day to the wes

EXTKHT OF GROUND WATER COHTMIimTIQW

Samples collected from six (6) monitoring wells and eight (8) residential
wells were analyzed to determine extent of ground water contamination at the
site. Figure 4 shows location of ground water monitoring wells at the site.
Ground water analysis did not show presence of pesticides, PCBs or total
cyanide. An number of organic compounds and/or metals detected in the ground
water were considerably fewer than those detected in the waste and
contaminated soils. Only organic compounds (methylene chloride) and four
metals (copper, cadmium, mercury, and zinc) were detected in monitoring wells
located around the four lagoons. Only arsenic, cadmium and lead exceeded
USEPA primary drinking water standards and total phenols exceeded New Jersey
drinking water standards. Copper, nickel and zinc concentrations were
detected in domestic wells located in northeast and southwest of the site.
That could be attributed to on-site contamination. Although variety of
contaminants were detected in the waste and contaminated soils, the ground
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water samples analysed were relatively free of these contaminant. That.
indicates that moat of the contaminant found in the waste and soils are not
very mobile in the waste and soil. Table 1 gives concentration of contaminant
found in the ground water samples.

A comprehensive sediment and soil sampling program was conducted to
determine extent of sediment and soil contamination. Samples were taken at
the various depths within the wetlands or near the wetland boundary. First
set of samples were taken from the surface, the second set of samples were
taken at 0.5-1.5 feet depth and the third type samples were taken at 2.5-4.0
feet depth. Collected soil/sediment samples were analyzed using either the
OVA or HNU meters. Soil and sediment samples were analyzed for volatile
organic compounds, semivolatile organic compounds, pesticides/PCBs, and lead.
Table 2 and 3 gives concentration of pollutants found in sediment samples and
soil samples respectively.

XAfiLB-1

HAZARDOPS C0HPODNDS DETECTED IN GROUND WATER

Compound Concentration Ranee (ppb)

Methylene chloride
Trichlorofluoromethane
Arsenic
Cadmium
Chromium
Copper
Zinc
Lead
Phenols

132-9,600
BMDL-72
BMDL-280

35-650
BMDL-70
BMDL-35
BMDL-390
BMDL-54
59-250

Souce: Ref. 13

BMDL - Detected below EPA published method detection Limit.
EPA - United States Environmental Protection agency.

TABTJt 9

COWPODNDS DETECTED AT THB SEDIMENT

Compound Concentration Ranee (Dob )

Acrolein
Acrylonitrile
Benzene
Chlorobenzene
1,3 Dichloroethane
Ethylbenzene

BMDL-28,100
BMDL-4,350
BMDL-8,170
1,200-9,140
BMDL-1,425
247-10,950
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Me thy I chloride
Methylene chloride
Tetrachloroethylene
Toluene
1,1,1-Trichloroethane
Trichloroethylene
Phenol
I,2-Dichlorobenzene
Naphtalene
1,2,4-Trichlorobenzene
PCB 1242
Chromium
Copper
Lead
2inc

1,515
312
BMDL
BMDL
BMDL
BMDL
BMDL
BMDL
BMDL
BMDL
2,130
BMDL

4
650
3-

2,954
7,650
22,335
5,530
14,655
900
1,130
6,700
1,520
3,430
58
110 ppm
13,000
14,000

Source: Ref. 13

BMDL - Detected below EPA published method detection

8&ZARPQPS.

Acrolein
Acrylonitrile
Benzene
1,2 Dichloroethane
Ethylbenzene
Methylene chloride
Tetrachloroethylene
Toluene
1,1,1-Trichloroethane
Trichloroethylene
Anthracene
Bis Phthalate
1,2-Dichlorobenzene
Di-N-Butyl Phthalate
Naphtalene
Phenanthrene
1,2,4-Trichlorobenzene
PCB 1242
Chromium
Copper
Lead
Zinc
Cyanide, Total
Phenols, Total

BMDL
BMDL
BMDL
1620
BMDL
BMDL
BMDL
BMDL
BMDL
BMDL
BMDL
BMDL
BMDL
BMDL
B«DL

10,333
BMDL
340-
BMDL-
BMDL-
BMDL-
BMDL-

5-
0.08-

3,434
2,132
10,105

15,685
9,528
6,350
30,560
1,190
27,220
17,400
7,333
20,670
2,400
179,900
160,000
35,000
245,000
42

5,600
290
170
100

Source: ref. 13
BMDL - Detected below EPA published method detection limit.
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REMEDIATION OF THE gITE

Based on ground water data, sediment and soil data and health risk
assessment, Che following remedial objectives were set for the site:

a) All hazardous waste and significantly contaminated soils present at
the site above the local, shallow ground water must be removed and
disposed of at an environmentally secure landfill off-site.

b) After all wastes and contaminated soils are removed from the lagoons
and defoliated areas of the site, the affected area must be regraded
and revegetated to restore to the preview condition.

c) A post-closure monitoring and maintenance plan must be developed and
implemented to measure long term efficiency of the remedial measures
and to monitor the ground water quality.

Remedial measures were designed to reduce existing hazard and to minimize
impacts on public health and the environment. Much of the recommended
remedial action plan involves the removal of wastes and contaminated soils to
off-site permitted landfill.

Cleanup activities included 1) site preparation such as building road,
providing trailers and utilities, 2) stabilizing sludge in the lagoon 1, 3)
excavating contaminated soils and wastes, 4)excavating contaminated materials,
5) restoring excavated areas to the original conditions by backfilling,
regrading, placing topsoil and vegetating, 6) transporting contaminated
materials to a permitted off-site disposal facility and monitoring and
controlling the site for long-term.

Major site preparation activities include cleanup and preparation of an
existing, nearby, off-site disposal area to receive and store contaminated
refuse from clearing and grubbing operation. Setting up office trailer, a
security trailer, a laboratory trailer, a storage trailer, two lunch trailers
installing a perimeter fence, equipment decontamination facilities and
constructing runoff ditches along the north and south edges of the
contaminated area.

In order to excavate and remove approximately 4,500 cubic yards (cu. yd.)
of sludge located in the lagoon 1, it has to be stabilized prior to loading
and shipment to the disposal site. Stabilization will be done by mixing the
sludge with contaminated soil and kiln dust in standard concrete transit mixer
trucks. The kiln dust will react with the sludge and soil to produce a
solidified soil-like material after five day curing time.

nf On^ti^ffntf^ftd Soila and Tar Patches

Excavation of contaminated soils will be accomplished in two phases. In
the first phase, spots containing PCBs and lead will be excavated. Depth of
excavation will be determined by field testing of contaminant levels at a
laboratory setup at the site. Two areas of primary concerns have been
determined. The first area is in the western half of the lagoon 1 running
west along the northern border of the lagoon under the old asphalt pile area.

-10-



This area will require excavations ranging from t* to 12 feet deep. The
area ia in the lagoon 3 and lagoon A. This area will require excavations
ranging frem 3 to 6 feet deep.

The second phase excavation involves surficial soil stripping and
contaminated soil pocket type excavation. The second phase excavation will be
done using a dozer push to stockpile contaminated surface soil prior to
shipment to the off-site disposal facility. The second phase excavation will
apply to the entire site and more specifically around the lagoons.

PCBs and lead are considered the major contaminants to be excavated and
removed. PCBs and lead contaminated area soils will be excavated and removed
to a maximum allowable concentrations of 5 ppm and 200 ppm respectively.
Depth of the excavation and removal will be limited to a depth of one (1) foot
above the ground water table.

After the completion of waste removal activities from the site, several
depressions and very irregular surface contours will be left over the entire
area. The closure and restoration activity will include filling, grading,
vegetation and fencing of the site. The final topography of the site will
conaiat of smooth rolling terrain sloping down in a north westerly direction
so that drainage will be towards the wetlands. Once the closure and
restoration of the site is completed, a long term maintenance program will be
established to ensure the proper survival of vegetation at the sir.e,

Diapoaal of QTOl M̂Jii

All contaminated materials will be removed to an off-site disposal
facility. The New Jersey Department of Environmental Protection (NJDEP) has
contracted with a secured chemical waste disposal facility located in Ohio.
Contaminated soils and wastes will be trucked to there for the final
disposal. All aqueous wastes will be truck to a liquid waste disposal
facility for treatment and disposal. Transportation of hazardous waste is
governed by the federal and state rules and regulations. Shipments of the
waste will be properly labeled, in placarded, and manifested in accordance
with the federal rules 49 CFR Farts 171-178, 40 CFR Part 262 and the New
Jersey Solid Waste Management Act (13:IE).

C0HC1DSICMS

Cleanup and decontamiaation of hazardous waste sites is essential for
preventing surface water and ground water pollutions. Review of the
literature revealed that several methods have been developed for soil
decontamination. While basic and applied research have been conducted and some
pilot, and demonstration facilities have been operated, full-scale development
of the most of soil decontamination methods and their applications are far
from completion. The most widely developed and used methods are excavation
and vegetation methods such as landfilling and incineration. The reason for
that is limitations of those methods *nd effect of physical and chemical
parameters such as mobility, structure inhibition, solubility, volatility,
viscosity, density of contaminants and &oil texture, moisture content, organic
carbon, nitrogen content, temperature, pH and cation exchange capacity.
Preliminary site investigation which includes waste characterization,

-11-



evaluation of geology, and hydrogeology of the sites ground water quality,
surface water quality and extent of contamination is necessary in order to
develop a proper remedial action plan for the clean up of a contaminated
site. The remedial action plan should include more than one alternative for
the cleanup and removal of the contaminants from the site. Cleanup criteria
should be a part of the remedial action Ian. After cleanup has been
completed, t v site should be restored to the original conditions and ground
water and siu-ace water should be monitored for some time to ensure that
potential threa. to public health and environment is diminished.

Field investigation has concluded that ground water is not seriously
contaminated. Therefore, no remedial action alternative was chosen for the
ground water abatement. As a result of remedial investigation and feasibility
study, it was determined that total of 82,000 cubic yards of PCBs and lead
contaminated soil have to be truck to an off-site disposal facility for the
final disposal. Additionally, 4,800 cubic yards of stabilized sludge need to
be removed from the lagoon 4 area.
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1 h i •.. ,M,M'iv >vati c u n t< il u u t o n _'••('' ' j u m p li u u ! i ) i t ' l i s r t ' i i l I i • e O a t u i i a ,

c o m m o n I \ u s « a i n d i f f e r e n t d d i r s t.jnuu i n J o r d a n , t o i n v e s t i g a t e t h e i r

• i j t u r a ! c o n i j n u n a t i o n w i I li ;i f l ;i t o \ i t ] r n i c i s u l ; i l I'SJ o f f^_ 1 1 ;> \ u s ;

g r o u p . Ihe s u i t a b i l i t y of s o m e f e e d s a s n a t u r a l s u b s t r a t e s for

a f i a t a x i n p r o d u c t i o n , w i t h s p e c i a l r e f e r e n c e to t y p e a n d q u a n t i t y o f

p r o j u c e d a t ' l a t o x i n s w e r e a l s o s t u d i e d .

D n t h e b a s i s o f m i c r o s c o p i c a n d m o r p h o l a q i c a I i d e n t i f i c a t i o n ,

i s o l a t e s o f A . f 1 a v u s u r o u p w e r e f o u n d in 47.4XJ o f t h e v a r i o u s f e e d -

•jiuiia f v a m i i i f d . I w f n t v t w o p e r c e n t o f t h e s e i s o l a t e s w e r e a f l a t u x i -

»jf-nic , M u s t o f t h e s e t o x i q e n i c i s o l a t e s ( 7 6 . 9 % ) s h o w e d t h e a b i l i t y

to p r o d u c e b o t h a f l a t o x m s B , a n d B « , u n d e r l a b o r a t o r y c o n d i t i o n s ;

s o m e o f t h e m v23.1?«) p r o d u c e d o n l y a f l a t o x i n B . ; b u t n o n p r o d u c e d

t h e G - t y p e a f l a t o x i n .

O u t o f 7 d i f f e r e n t f e e d s t u f f s t e s t e d f o r t h e i r s u i t a b i l i t y a s

n a t u r a l s u b s t r a t e s for a f l a t o x i n p r o d u c t i o n , o n l y 5 s a m p l e s w e r e

f o u n d to s u p p o r t t h e p r o d u c t i o n o f a f l a t o x i n s by A^ p a r a s i t i c u s

\ R R l 2 9 9 9 , b u t at low l e v e l s . Tht-se s a m p l e s w e r e f o u r t y p e s o f

c o n c e n t r a t e a n d w a s t e b r e a d . A l t h o u g h t h e a m o u n t s o f a f l a t o x i n s

p r o d u c e d o n t h e s e f e e d s t u f f s w e r e l o w , s t i l l t h e y r e p r e s e n t a

p o t e n t i a l h e a l t h h a z a r d , s p e c i a l l y w h e n s u c h f e e d s t u f f s a r e

••.luri'd t o r o l o n g p e r i u d o f t i m e .



I N T R Q O U C U Q N

A w i d e v a r i e t y o f f e e d e s p e c i a l l y c o r n a n d o i l s e e d s a r e s u s c e p t

ible to 3_;_ f l a \ u s i n w j s i o n a n d e v a n t u a l l y b e c o m e c o n t a m i n a t e d

w i t h a f l a t o x i n . t h e r e a r e four c l o s e l y r e l a t e d a f l a t o x i n s ( B . , B _ ,

G, and G _, : w h i c h o c c u r n a t u r a l l y . H o w e v e r , a f l a t o x i n 8. is the m o s t

c o m m o n a n d p r o v e d to be an a c u t e l i v e r t o x i n ( B u t l e r , 1 9 7 4 ) , c a r -

c i n o q e n i e ( I A R C , 1 9 7 6 ) , m u t a g e n i c a n d t e r a t o g e n i c ( H a y e s , 1 9 8 1 ) .

I n t e n s i v e r e s e a r c h on a f l a t o x i n p r o d u c i n g f u n g i , i n d i c a t e d 1 he

p r o d u c t i o n of a f l a t o x i n by s o m e s p e c i e s of A s p e r q i l l u s , l ' i r i i r i l ] ium

a n d Rli i /oimr:. A f l a t o x i n is p r o d u c e d by c e r t a i n s t r a i n s A^

flavus ( C o n d e r et a I., 1 9 6 3 ) , £ . p a r a s i fcicus ( H e s s e l t i n e et a l . , 1 9 6 8 ) ,

^. n j g e r ( K u l i k a n d H o l a d a y , 1 9 6 7 ) , /\. w e n t i i a n d £ . r u b e r ( S c h r o e d e r

et al . , 1 9 6 7 ) , A .o st i a n u s a n d £ . o r y z a e ( B a s s a p a e ^ ah, 1 9 6 7 ) ,

P e n i c 11 lum p u b e r u l u m a n d P_. c i t n n u m ( H o d g e s et a l . , 1 9 6 4 ) a n d .

R h i z o p u s s p p . ( W i l s o n et a l , 1 9 6 8 ) .

The f u n d a m e n t a l f a c t o r s c o n t r i b u t i n g to f u n g a l g r o w t h a n d p r o d u c -

t i o n o f t o x i n s a r e the q e n e t i c c a p a c i t y o f the f u n g u s a n d the e n v i r o n

m e n t ( L i l l e h o j , 1 9 7 8 ) . T h e r e f o r e , in the p r e s e n c e o f d e f i n i t e i s o l a t

of a t o x t q e m c f u n g u s , the s t o r a g e c o n d i t i o n s r e p r e s e n t the m a i n

f a c t o r in m y c o t o x i n s p r o d u c t i o n e s p e c i a l l y in d e v e l o p i n g c o u n t r i e s .



I n I . n i l . H I , K . i b b u r ' t w , o r u v n l t h e i n c i d e n t s , , | u f [i} \ u v , , ,

?•' : n ' • . ' • " . u i m i l k i . i i u i p I . : , u t U U H M ' i i u i r y f a n i i K w i t h ] e v e J i> l i j i u j i n o

t i o i l . i i . u - 1 1 : . I 11 I t ' . ? p | j | j . I l u > p r r i i i M u t ' o I" ; i f l i j t i u i n M . i n m i l k

. i > ' ' . . ; . i . - • i H I M ' H I . 11 I . i i o x i i i H . i n T e e d .

i t i t j j i i , i M i w o r k L ' u i u i u r l r d u r i t h e U i t ' f e r t f n t I u u i l a l u n ^ < U H K I U H I 1 y

i v) i n > l i i h [ > M I U i i i i > I . i i in SJ i n , l u i U . i i i t o S t u d y H i c i r c u n l J H I I M J I l u n

* M i , i t ' L t u \ n j i m e i s o l . i t i ' s , w t t h s p e c i a l r e f f r e n c e t o t h e s m t a b i l

t s u i u i i i u r , . i :> i i a t u r . i l u u t j s t r a l i s far a f l a t o x m p r o d u c t i o n .

MATERIALS AND ME THUDS

of I et?diituf fs :

I w o h u n o r r i i a n d f u r l y n i n e s a m p l e s o f c o n c e n t r a t e s a n d i n g r e d i -

e n t s , c u i u n i u n l y u s e d i n f V r d i n q d a i r y c o w s , i n . J o r d a n , w e r e t a k e n

t r u m t h o in i I I J I K I t w o l a r i n a , b e l o n g i n g t o c o o p e r a t i v e s o c i r t y o f

r . i l l i t - i l r n - i l t i s ; i n d l i n e r o t h e r d a i r y f a r m s .

i t u - u . u t i p 11 - j o f f r i ' i h , t u f f s w e r e c o l l e c t e d i n s t e r i l e p o l y e t h y l e n e

l i . j t ) - . f u r o i M - i o 6 i u l o g i r ; i l . M i . t l y s i s , p a r t i c u l a r l y i d e n t i f i c a t i o n o f

I I n • , i r ; | / c f I « (J , m d f u r i i i i r r i f 1 i ) t o x i t j r i u C l s o l u t i ' . - i o f A . f l ; i \ . ' i i s .



M o i s t u r e content oi the sa m p l e s was d e t e r m i n e d a c c o r d i n g to the

method d e s c r i b e d by Al-Adil £t_ a_l_ ./1976). Each s a m p l e was dried at

^0 C for 4 8 h o u r s .

M y c o l o q i c a l t dent i Ficat iun and isol.it ion of a f l a t o x i q e n i c Furujt

Ihe c o l l e c t e d feedstuff s a m p l e s were s u b j e c t e d under aseptic

c o n d i t i o n s to isolation of s u s p e c t e d fungal c o l o n i e s of A^ r 1 avus

g r o u p s w h i c h are yellow to yellow g r e e n in c o l o r , using the fo l l o w -

inq t wo me t h o d s :

1. T u l t u r i n q iI gm sample ) on tnp s u r f a c e of Czapek agar p l a t e s .

2. Serial d i l u t i o n of the s a m p l e , and a l i q u o t e s (0.1 m l ) of the

su i t a b l e d i l u t i o n on ..zapek agar p l a t e s .

o

The plates were incubated at 28 t 1 C for 5-8 days. The suspect-

ed fungal colonies were transfered to Czapek agarpltites and incubat-

ed for 7 days at 28 + 1 C until sporulation.

Ability of the su s p e c t e d isolates to p r o d u c e a f l a t o x i n s ;

Spores of each fungal isolate w e r e h a r v e s t e d by adding 1-2 ml

of s t e r i l e d i s t i l l e d water to 7 days old c u l t u r e s l a n t s , s c r a t c h i n g



b\ s t e r i l e m o c u l d t i o n loop, s h a k i n g for o n e m i n u t P to gi v e a spore

•;uspt'n'jiun at a p p r o x i m a t e l y 10' a pores/mil . Iwo l a b o r a t o r y a f l a t ox in

p r o d u c i n g m e d i a (Reddy £_t_ £]_. , 1 9 7 1 ; S a l h a b and E d w a r d s , 1 9 7 8 ) w e r e

u s e d to test the a b i l i t y of s u s p e c t e d i s o l a t e s for p r o d u c t i o n of

j !" 1 j t o \ i n a .

One hundred ml portion of suitable medium were placed in a

cotton stoppered 250 ml Erelnmyer flasks and autoclaved at 121°C

juj 15 ^Sl for 15 minutes. After cooling, each flask was inoculated

* u h the up ore suspension of each slant and incubated at 20 ^ l°C

lur -̂*> (lavs when Salhab and Edwards medium was used,or 7-9 days

when Rpdii> e_t̂  a_l medium was used.

The fermentation process, was done in the dark in a rotary shaker

running ; *• I Q-2Q0 rpm. A considerable fungal growth was obtained at

the ?nd of incubation period. The fungal growth was stopped by the

addition of 100 ml chloroform to each culture. The flask contents

wfre then humogeni/ed M - b min.) by magnetic stirrer, at high

apfrd, linn filtered through three layers of cheese cloth. The

t"i Iterate w.ia transtVred to 250 ml separatory funnel and shaken for

! •> aec., then left to settle for 5-10 minutes. The chloroform

e x t r a c t ;thp lower l a y e r ) w e r e p o o l e d , c o n c e n t r a t e d , u s i n g the

flash e v a p o r a t o r at 4 0 - ^ 0 C., then e v a p o r a t e d at room t e m p e r a t u r e



(u ut v\nr-j;i, u n d e r n i t r o q r i i , I h e r e s i d u e w a s d i s s o l v e d in o n e m l

c h l o r o f o r m t r a n s f e r e e ! t o s m a l l v i a l . T h e v i a l w a s p l a c e d i n

f r e e z e r f o r f u r t h e r s t u d i e s ( A Q A C " 2 6 . 0 1 8 " , 1 9 7 5 ) .

I n e m e t h u d b y T s a i £ _ ^ £ i - i ( 1 9 8 4 ) w a s a l s o u s e d ; s i n c e it w a s

r e c o m m e n d e d ..is a n e c n o i i u e m e t h o d in t e r m s o f s o l v e n t s , e q u i p m e n t s ,

j b o r a t o r y f a c i l i t i e s a n d m a n p o w e r . T h e a n a l y t i c a l s t e p s o f t h i s

m e t h o d a r e s u m m a r i z e d a s f o l l o w s : 5 m l p o r t i o n o f s t e r i l e y e a s t -

e x t r a c t - s u c r o s e b r o t h ( 2% y e a s t e x t r a c t a n d 15?i 3 u c r o s e " p H s 5 . 5 " )

w e r e p l a c e d in p r e s t e r i I i a e d 1 5 or 2 5 m l v i a l s , t h e n i n o c u l a t e d

w i t h 0 . 2 - 0 . 1 m l . o f s p o r e s u s p e n s i o n ( p r e p a r e d a s d e s c r i b e d b e f o r e ) ,

a n d t h e n i n c u b a t e d a t 2 6 +_ 1 ° C f o r 7 d a y s . A t t h e e n d o f t h e

i n c u b a t i o n p e r i o d , t h e s a m p l e s w e r e h o m o g e n i z e d ( 3 - 5 m i n . ) a t h i g h

s p e e d , u s i n g m a g n e t i c s t i r r e r . S m a l l p o r t i o n ( 1 0 0 u l ) o f t h e

y e a s t e x t r a c t s u c r o s e b r o t h w a s d i r e c t l y a p p l i e d a s a s p o t o n t h i n

l a y e r c h r o m a t o g r a p h y ( T I C ) a n d t h e n d e v e l o p e d w i t h d i e t h y l e t h e r ,

f o l l o w e d b y c h l o r o f o r m - a c e t o n e ( 9 : 1 v/v) . T h e o t h e r p o r t i o n o f t h e

y e a s t e x t r a c t s u c r o s e b r o t h s a m p l e w a s e x t r a c t e d w i t h c h l o r o f o r m

a s f o l l o w s : a n e q u a l v o l u m e o f c h l o r o f o r m w a s a d d e d t o t h e y e a s t

e x t r a c t s u c r o s e b r o t h s a m p l e a n d h o m o g e n i z e d ( 3 . 5 n u n . ) at h i g h

s p e e d u s i n g m a g n e t i c s t i r r e r , t h e n f i l t e r e d t h r o u g h a W h a t m a n n o . 1

u r 4 f i l t e r p a p e r . T h e m i x t u r e w a s t r a n s f e r r e d t o a 1 5 0 m l

•jr'parata r> f u n n e l a n d l e f t t o s e t t l e f o r 5 m i n u t e s . T h e c h l o r o f o r m



(.ore wviu p u o l t d , r\ j p u r . i t f d t o ilryiifas u s i n q t I a a h e v u p u r u t o r , t h r n

r r i M s s o h i - i i m l m l c h l o r o f o r m w h i c h w a s t r a n s f e r r e d t o s m a l l v i a l .

I h e v i a l w a s p l a c e d i n f r e e z e r f o r f u r t h e r s t u d i e s .

S u i t a b i l i t y t e s t f o r a f l a t o x i n p r o d u c t i o n ;

S e v p n s a m p l e s o f f e e d s t u f f s c o l l e c t e d f r o m t h e d i f f e r e n t d a i r y

f a r m s w e r e t e s t e d f o r t h e i r s u i t a b i l i t y a s s u b s t r a t e s f o r a f l a t o x i n

p r o d u c t i o n , a c c o r d i n g t o t h e m e t h o d d e s c r i b e d b y S h o t w e l l £t_.s_J. .

1' o o I h e s a m p l e s w e r e g r o u n d w h e a t s t r a w , a l f a l f a h a y , w a s t e

b r e a d a n d f o u r d i f f e r e n t t y p e s o f c o n c e n t r a t e s ( T a b l e 1 ) .

l a b l e I : I n g r e d i e n t s o f t h e 4 t y p e s o f c o n c e n t r a t e

Ingredient

Ye 1 low curn

Barley

Wheat bran
I

'>!] / 1)1 .M l l l l l ' . ' l 1

S Nl.-il I
i
1

% Concent r a t e s f r o m

The m i l l
(Cooperatlve
Society )

U

40

2 5

.1.1

1

F a r m A

50

25

2*>

I

Farm B

50

30

20

1

Farm C

10 - 15

AQ - 50

25

2b

1



i h e I" i t I \ q r a m a or t h e f e e d s a m p l e w e r e a d d e d t o 2 5 - 5 0 m l t a p

W liti~r in M 1 0 m l t r e l e n m v e r f l a s k a n d s h a k e n f o r a b o u t 2 h o u r s ,

t h e n a u t o c l a v e d a t 1 2 1 ° C a n d 1 5 P S I f o r 1 5 m i n u t e s . A f t e r c o o l i n g

t h e c o n t e n t s o f t h e f l a s k w e r e l o o s e n e d b y s t e r i l e d i s t i l l e d w a t e r ,

t h e n i n o c u b a t e d w i t h 2 m l s p o r e s u s p e n s i o n ( 1 0 s p o r e / m l ) o f

i _ i •'••' •'•'''' ''"'• Nililil -C)l|l) > " i " * 1 o f t h e h o s t k n o w n a f l a t o x i n

p r o d u c i n g f u n g i . ) , and then i n c u b a t e d at 28 _+ l°C for 10 day s in

an o r b i t a l incubator running at 150 rpm. Small a m o u n t s of s t e r i l e

d i s t i l l e d w a t e r wpr.e'»added to the flasks at 24- 4 8 hour i n t e r v a l s

lo prevent e l u m p i n g of the c u l t u r e s . In some c a s e s the flasks

were removed from the sh a k a r and s h a k e n by hand to loosen their

c o n t e n t s . At the end of the in c u b a t i o n p e r i o d 150-200 ml c h l o r o -

form were a d d e d to the c u l t u r e s .

Fhe content of ea c h flask w e r e blended at hi g h speed for about

S m i n u t e s , c e n t n f u g e d at 4 0 0 0 rpm for 5-10 m i n u t e s , then f i l t e r p d

throuqh c h e e s e c l o t h into a 600/fnI b e a k e r and then t r a n s f e r e d to

2 •> 0 ml se-paratory f u n n e l . The b e a k e r w a s w a s h e d with s u c c e s s i v e

i'• ;i. i p o r t i o n s of c h l o r o f o r m and t r a n s f e r e d to the same s e p a r a t o r y

funnr ! . The c h l o r o f o r m layer w a s fil t e r e d t h r o u g h a W h a t m a n n o .

UQ filter p a p e r c o n t a i n i n g about 15 gms of a n h y d r o u s s o d i u m s u l f a t e

The c h l o r o f o r m f literate w a s e v a p o r a t e d to d r y n e s s using the flash

e>. .jjjura t or ;ind the resid u e was d i s s o l v e d in 1-2 ml c h l o r o f o r m for



f u r t h e r a n a U s i s v AGAIT , " 2 n . Q 1 8 " , 1 9 7 S ) .

A f l a t o x i n s w e r e i d e n t i f i e d on the b a s i s of m i g a r a t i o n w i t h

a f l a t o x i n s t a n d a r d a n d t h e i r c h a r a c t e r i s t i c s f l o u r e s e n c e c o l o r u n d e r

s h o r t a n d long u l t r a v i o l e t l i g h t .

R E S U L T S A N D D I S C U S S I O N

A v e r a g e m o i s t u r e c o n t e n t a n d t h e s u s p e c t e d a n d f o r s u r e a f l a t o x i -

g e m c i s o l a t e s in f e e d s t u f f s c o l l e c t e d f r o m s o m e d a i r y f a r m s in J o r d a n

a r e g i v e n in T a b l e 2 . A v e r a g e m o i s t u r e c o n t e n t o f the d i f f e r e n t

s a m p l e s r a n g e d b e t w e e n 7.5 a n d 21.2?J. M o s t o f the w h e a t s t r a w or

b a r l e y s t r a w s h o w e d m o i s t u r e c o n t e n t l o w e r t h a n 8?J, while it w a s

o v e r 18?i in o n e s a m p l e o f w a s t e b r e a d ( 2 1 . 2 % ) a n d the c o r n s a m p l e

Fhe A ^ f 1,-JVUS n r o u p w n s i s o l a t e d f r o m 1 1 8 ( 4 7 . 4 % ) out

of 2 4 9 e x a m i n e d s a m p l e s . Out o f t h e s e i s o l a t e s , 26(22?o) w e r e

c a p a b l e of p r o d u c i n g a f l a t o x i n w h e n g r o w n o n a s u i t a b l e m e d i u m .

I h i s i n d c i d e n c e r a t e of af l a t o x l g e n i c f u n g i , is w i t h i n t h e r a n g e

r e p o r t e d f r o m s i m i l a r s t u d i e s in d i f f e r e n t p a r t s of t h e w o r l d , b e i n g

2S.fl?i in J a p a n ( T a k a t o r i a n d K n o d o h , 1 9 8 0 ) ; 27.8?i in U . S . ( P a r r i s h ,

ej^ aj_. , 1 9 6 6 ) ; 1 8 . 6 % in U . K . ( A u s t w i c k a n d A y e r s t , 1 9 6 3 ) . M e a n w h i l e ,
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t h e v a l u e s or t h e i n c i d e n c e r a t e o f a f l a t o x i g e n i c i s o l a t e s M a b 1 P 2 )

w e r e l o w e r t h a n t h o s e p r e v i o u s l y r e p o r t e d in o t h e r c o u n t r i e s , e v e n

in J o r d a n . It w a s 6% in I n d i a ( R a o ej_a_l_ ., 1 9 6 5 ) ; a n d 12?J in

R u s s i a ^ L ' \ . Q v a e _ t _ a _ l _ . , 1 9 7 8 > . In J o r d a n , it w a s 9. 2?J ( M a s n , 1 9 8 ! >

a<\a I-*.1?"*. \.ljrrar, 1 9 8 0 ) . F he i n c i d e n c e r a t e o f a f l a t o x i g e m c

i s o l a t e s m t h i s s t u d y is l o w e r t h a t t h a t r e p o r t e d f o r s o m e A r a b

c o u n t r i e s , w h e r e it w a s 4G.4?J in K u w a i t ( N a t o u r a_t_ aj_. , 1 9 8 5 ) a n d

5 8 . n in Iraq (Al-Adil e± a± . , 1 9 7 6 ) .

Incidence rate of af latoxigenic fungi was the highest m the

v a r i o u s s a m p l e s o b t a i n e d from Farm C, in which 32?o of the i s o l a t e s

w e r e a f l a t o x i n p r o d u c e r s ; while the lowest, i n c i d e n c e rate (I2.9?o )

w a s found in s a m p l e s o b t a i n e d from Farm 2.

The i s o l a t e s o b t a i n e d from c o n c e n t r a t e s a m p l e s , y i e l d e d the

highest rate of af1 a t o x i g e n i c fungi, w i t h the e x c e p t i o n of c o r n

sample.

M o s t o f t h e t o x i g e n i c i s o l a t e s ( 7 6 . 9 S ) , o b t a i n e d f r o m t h e v a r i o u s

f p e d s t u f f s , w e r e a b l e to p r o d u c e b o t h a f l a t o x i n s 8 . a n d B - . O n l y 2 3 . l u

of r !-«̂  f o x i q e m c i s o l a t e s w e r e a b l e to p r o d u c e a f l a t o x i n B, a l o n e .

N o n e o f t h e s e i s o l a t e s s h o w e d t h e a b i l i t y to p r o d u c e t h e G - t y p e

a f l a t o x i n ( S a b l e 2 ) .



S u i t a b i l i t y of some f e e d s t u f f s for aflatoxin p r o d u c t i o n

Five samples out of the 7 samples of f e e d s t u f f s commonly used

in ddiry farm in Jordan showed qood pol.ontial for a f l a t o x i n product-

ion, fhe data c o n c e r n i n g suitability of these "j f e e d s t u f f s , as

natural subst ratvu for a f l a t o x i n p r o d u c t i o n , is given in Table 3 .

A r l a t o x m s 6. and G. were p r o d u c e d in relatively s i g n i f i c a n t

a m o u n t s in all s a m p l e s . W h i l e , a f l a t o x i n s B» and G_ were found

onl> in corn s a m p l e s (12.08 and 0.72 jjg/g, r e s p e c t i v e l y ) and

waste bread ( t r a c e s ) .

Corn sample showed the highest level of a f l a t o x i n s followed

by waste b r e a d . C o n c e n t r a t e c o l l e c t e d from Farm C and the mill

( C o o p e r a t i v e Society ) were h i g h e r in a f l a t o x i n s than o t h e r

c o n c e n t r a t e s . This m ^ht be due to the p r e s e n c e of corn in these

two types of c o n c e n t r a t e (Table 1 ) , w h i c h c o n s i d e r e d to be a

good s u b s t r a t e for a f l a t o x i n p r o d u c t i o n (Goldblatt , 1969 and

O ' B r i e n , 1 9 7 6 ) .

I he two other f e e d s t u f f s , examined in this e x p e r i m e n t (ground

whtat fitraw and a l f a f l a h a y ) showed to be u n s u i t a b l e s u b s t r a t e s

for ut l o t c x m production, '.mntlar results were reported ealier by

othrr w o r k e r s ( H p s s e l t i n e vt a l . , 1 9 6 8 ; .



Table 1; S u i t a b i l i t y o f some f r e d s t u f f s t o a f l a t o x m p r o d u c t i o n u s i n g

A . n w r t m t > t i - u s NRRL 2VVV, t o t * n r tirid y i e l d o< « f l a t o * i n r

produced.

Sample Source

The Cooperative Society:

The mi l l

Farm 2

2. Dairy Farm A

*. Dairy Farm £

4. Dairy Farm C

Concentrate

Waste bread

Concentrate

Concentrate

Concentrate

Corn**
•

Fungal

growth

-+ .S

• * • , s

Af latoxin

(/uq/q dry substrate)

81

5.38

9.64

1.72

1.35

7.87

66.18

82

m

Traces

-

*

Trarces

12.08

C l

2.64

3.71

0.57

0.81

2.06

B.65

h

Traces

-

-

0.72

for dairy production
•*

used as a reference sample

** * medium'

x high

Sssporulat ion

• s not present
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A I - A ̂1 i I , M . K . , A b d u l N o u r , A . 13 . , Y atu a , A . S . a n d D a o u d , A . K . 1 9 7 6 .

C o n t a m i n a t i o n by A s p e r q i 1 1 u s f\ a v u s g r o u p of" s o m e f o o d s t u f f s in

B a g h d a d a r e a . T e c h n i c a l B u l l e t i n N o . 5.

A s s o c i a t i o n o f o f f i c i a l a n a l y t i c a l c h e m i s t s , 197*5. N a t u r a l p o i s o n s

In: W i l l i a m , II. v e d . i . U f f I c i a 1 M e t h o d . 2 6 . 0 0 1 - 2 6 . 0 9 0 .

w i c k , P . K . C . a n d A y e r s t , G . 1 9 6 3 . T o x i c p r o d u c t s in g r o u n d -

n u t s . G r o u n d n u t m i c r o f l o r a a n d t o x i c i t y . C h e m . Ind 2 : 5 5 - 6 1 .
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a t l a t o x i n p r o d u c t i o n by A s p e r g i l l u s o r y z a e . I n d i a n J. E x p t . B i o L . ,

5: 2 6 2 - 2 6 3 .

B u t l e r , W . H . , ( 1 9 7 4 ) . A f l a t o x i n . In " M y c o t o x i n s 1 1 ( E d . , I . F . H .

P u r c h a s e ) E l s e v i e r , A m s t e r d a m , P . I .

r o n d e r , R . C . , S a r g e n t , K . a n d Y e o , R . ( 1 9 6 3 ) . P r o d u c t i o n o f

a f l a t o x i n by t h e c u l t u r e o f s t r a i n s o f A s p e r q 11 l u s f l a v u s - n r y z a

o n s t e r i l i s e d p e a n u t s . B i o t e c h n o l . B i o e n g . , 5 : 1 8 5 - 1 9 2 .

r.D Ulb liil t , I .A. 1 9 6 9 . A f l a t o x i n . S c i e n t i f i c b a c k g r o u n d . C o n t ro 1

a n d i m p l i c a t i o n s . A c a d e m i c P r e s s . N e w Y o r k •

H a y e s , A . W . ( I 9 U I ) . M y c u t o x i n | e r a t o q e n i c 11y a n d M u t a g e n i c 1 1 y

C R C p r e s s , I n c . F l o r i d a : 2 4 2 p p

, C . W . , S h o t w e l l , O . L . , S m i t h , M . L . , S h a n n o n , C M . ,
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1. INTRODUCTION

Industrial development in Alexandria Metropolitan Area AMA has grown
significantly during the last three decades to benefit from inter-
industry linkages and the supporting infrastructure in this prime
industrial center. Whilst industrialization is encouraged to advance
economic growth and to improve standards of living in AMA,the rate of
change accentuates the impacts on public health and the environment.

The AMA regional development strategy tends to concentrate on capital-
intensive and energy-intensive industries , which are also the most
polluting. At the same time, there is a high growth of small-scale
industries due to adoption of policies promoting small enterprises as a
way to deal with the problems of unemployment and to encourage
private investment in industry. This sector has proved to be even more
problematic in terms of environmental protection.

The public attitude in AMA supported industrial development in the
past ,even at the expense of environmental quality. The expectation was
that gains in material well-being would exceed losses in environmental
quality.

However, at present, it has become obvious that environmental
degradation, associated with vast industrial and socio-economic
development, if allowed to proceed without appropriate control, could
result in devastating effects on the living conditions and on natural
resources of the region.

Financial constraints represent an impedement to development in AMA;
the question often addressed by local authorities .is whether to
allocate funds to treat industrial wastes or to invest in new Clean
Technologies CT ? Considerations of resources conservation, economic
efficiency and environmental protection warrant the adoption, as far as
possible, of a preventive strategy.

Waste treatment technologies, more often than not, transfer pollutants
from one environmental medium to another and consume resources out
of proportion to the accrued benefits. Moreover, conventional controls
only deal with the problem of first-generation pollution,which is
created in the manufacturing process and regulated by legislation,
while ignoring the problem of second-generation pollution emanating
from waste treatment such as sludge handling or containment of
concentrated hazardous effluents. Therefore, CT which comprises both



preventive and resources conserving measures is usually perferable to
corrective measures from both economic and environmental
perspectives.

The main objective of this paper is to highlight the importance of CT
and its practical applications in Alexandria; case studies are presented
on water recycling in poultry processing, residue reutilization in agro-
industnes, desilication of black liquor from straw pulping,and
upgrading production practices in t^e textile finishing industry.

2.INN0VATIVE CLEAN TECHNOLOGY :CONCEPT AND BENEFITS

Industrial environmental management involves corrective (end- of-pipe
treatment, containment of hazardous residues, control of air
emissions... etc), preventive (low-waste technology, recycling of
resources, process control ...etc), and resources conserving (effective
management of production inputs, reuse of secondary materials, energy
conservation... etc); these three policy components are interdependent.

Conceptually, innovative CT may embody a number of recycling ,
reclamation or reuse opportunities depending on the particular
industrial activity. Maximum consideration should be given to the
identification of ail potential conceptual approaches liable to
implementation in a specific manufacturing plant, especially those
modifications which incorporate alternative technologies that exhibit
significant recycling, reclamation, energy recovery, or revenue
generating potential.

While it is difficult to explicity define the boundries of an innovate CT
program, it is possible to prescribe "potentially applicable options"
based on the experience of similar manufacturing activities elsewhere.
Innovative CT comprises various alternatives, the most common of
which are listed below:

' Greater integration and rational use of process inputs;
* Installation of new equipment or modification of existing ones;
* Modification, adaptation or improvement of production processes;
* Improved production efficiency and reduction of waste arisings;
* The application of proven processes or equipment originally

developed for another industry in a different manufacturing activity;
and

* Unique combinations of processes and techniques that recognize and
maximize inter-process compatability or synergistic effects. The



above elements of innovative CT are not inclusive, nor are the
elements completely exclusive of one another [1J.

Process alteration represents the most prominent component of a CT
program. A product can sometimes be manufactured by two or more
distinct processes. Certain processes, such as the diaphragm process
for producing chlorine, generate considerably less waste than the
alternative mercury cell process; this modification is presently
pursued at MISR Chemicals Company in AMA. Unfortunately,
modification of existing facilities involves research and development
and capital investments, and will require a lengthy implementation
period.

Inefficient chemical reactions in a process are a major source of
increased waste generation. Improving the efficiency of the process
through modification of catalysts, reactor design, and operating
parameters has been shown to reduce significantly the quantity of
waste generated in AMA chemical industries.. For example, in the
production of of acrylonitrile by the catalytic ammoxidation of
propylene, switching from an antimony-uranium catalyst to a
ferrobismuth phosphomoylbdate catalyst has bosted the conversion of
acrylonitnle by 35%. Attaining zero waste generation, however, is
currently beyond the technical capabilities of most manufactures in the
region.

Modification of equipment is another way to reduce waste generation.
The invention of mechanical wipers to scrape the sides of paint tanks,
at BAK1N paint processing plant reduced the exposed volume of waste
paint that would otherwise produce fugitive volatile organic compound
(VOC) emissions. Similarly, process automation, which helps optimize
product yields by automatically adjusting process parameters, has
minimized operator error in parts finishing and chemical industries;
reduced the likelihood of spills; and discouraged the production of off-
specification materials. Such rejected materials can be highly toxic,
albeit, their generation in smaii amounts.

Water conservation can also result in significant waste reduction.
Efficient product washing in some processes, particularly in food
industries, results in improving product quality and reduced sludge
generation by minimizing the amount of product lost to the wash water
and the quantity of wastewater that is generated.



Technology modification and development of low waste production
systems is currently a central focus of the industrial management in
AMA. Generally these changes are most cost-effective when
implemented during a plant's planning or design period or when a plant
is retooling and replacing worn out equipment. However, retrofitting
plants that have already been in operation is often expensive but may
be envitable to permit compliance with the new limitations on
industrial emissions in AMA.

Good operating and housekeeping practices involve the alteration of
existing procedural,organizational or institutional aspects of a
manufacturing process. The goal is to limit unnecessary generation of
waste attributable to human intervension. Employee training, inventory
control, waste stream segregation,improvements in materials handling,
spill and leak prevention, and preventive maintenance are all examples
of good operating practices. Others include the scheduling of batch
operations to limit the frequency of equipment cleaning and,
consequently, waste generation; the segregation of hazardous wastes
from non-hazardous wastes to minimize the volume of contaminated
wastes; and the reduction of overspray and runoff from common
processes such as spraying during paint application.

Replacement of an original product with a different product that is
intended for the identical use can be an effective method of source
reduction. For example, integrated pest management, which is presently
being tried on large-scale in AMA, represents an alternative to
pesticide use in certain applications; it may also reduce pesticide
production and, in turn, the waste generated during pesticide
formulation and application. Subsitution of less toxic solvents, such as
petroleum solvents for more toxic solvents such as perchloroethylene
or trichloroethylene, generates a spent solvent waste that is less
toxic.

In evaluating the costs and benefits of CT, the potential value of most
applications has been established on the basis of savings in raw
materials costs; utilities, labor, and maintenance costs; and enhanced
revenues through creation of marketable byproducts. However, waste
reduction also creates savings due to elimination or reduction of waste
generation costs which were previously affected but not taken into
consideration such as: disposal fees; fees/taxes on generators per unit
of waste; transportation costs, on-stte waste storage and handling
costs; and pre-disposal treatment costs.



Despite the increasing interest in CT, its wide-scale application in
AMA industries has yet to benefit from all practical potentials due to
lack of research and development, inadequacy of information on various
waste minimization technologies,and iacK of innovative policy
measures for implementation. Neither are the existing public policies,
legislative instruments, and administrative systems are conducive to
investment in new low-waste technologies. Effective implementation
of CT in AMA will require informational, legal, economic and
institutional measures that are substantially different from those
presently in effect.

3.INDUSTRIAL DEVELOPMENT IN ALEXANDRIA : SPATIAL
DISTRIBUTION AND ENVIRONMENTAL PRO8LEMS

Industries in AMA are widely distributed but tend to concentrate near
the residential areas (Moharrem-Bey, Nouzha and Siouf complexes),
along trie coastal areas of Mex and Abukir and near the suburban
community of Kafr El-Dawar . New industrial activities are also,
growing rapidly in Amriya district near the western end of lake Maryut.
Distribution of major industrial activities of large and medium size
installations are shown in Figure 1 . These industrial facilities
constitute about 75 % of the total manufacturing activties in AMA, the
rest are mainly small-scale plants.

Industrialization in AMA has had a profound effect on public services,
water supply and waste disposal systems. Environmental quality and
the public health have been severly affected by the irrational industrial
development which infringe on residental districts in AMA. The state of
public health in AMA is relatively poor owing to inadequate sanitation,
lack of efficient health programs and continued deterioration of the
environment due to the rising loads of industrial pollution. The infant
mortality rate in AMA exceeds the average for the country, while
gastroenteric diseases are endemic in the city, with higher
concentrations near the major industrial complexes.

Generation of hazardous residues from industrial facilities and their
discharge into the air, water and on or into the soil causes severe
envinonmental degradation.

The short and long-term effects are far more serious than those caused
by municipal wastes. While the latter is more readily biodegradable,
most synthesized industrial residues are toxic, persistent,
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FIGURE 1 SPATIAL DISTRIBUTIOM OF INDUSTRY IH



biomagntfiable and tend to accumulate in the receiving environments.
The prevailing malnutrition, inferior socio-economic standards and
hyper-sensitivity of city dwellers in AMA lessen the tolerance
exposure limits of most toxic substances; a grim fact which adds
to the misery of residents inhabiting the squatter areas around the
city [2].

The list of major industries (large and medium-scale plants) has been
obtained from the records of the General Organization For
Industrialization ; and information on major sources of pollution and
waste loads have been compiled from the results of a long-term
project on industrial environmental management in Alexandria [3}.

Pollution contribution of small-scale industries has been subject of an
intensive study recently completed in AMA [4]. Solid wastes arisings
from these industrial activties are commonly dumped with residential
refuse and their wastwater effluents are discharged into the municipal
waste collectin system. No specific percuations are undertaken in
handling hazardous residues which are often burned in open air or
dumped in any convient location.

The compilation of available information - actual and estimated • for
manufacturing industries in AMA is summarized on subsectoral basis
for liquid effluents (Table 1), solid residues (Table 2) and trace metals
(Table 3). Distribution of selected pollutants are depicted in Figure 2.

4.CLEAN TECHNOLOGY APPLICATIONS: CASE STUDIES IN
ALEXANDRIA

I . PAPER MANUFACTURING INDUSTRY . The pulp and paper industry
in AMA relies on agricultural residues as the source of raw material;
rice straw and bagasse represent over 90 % of the fibers used in
pulping. These short fiber raw materials produce pulp similar in
properties to hard wood pulp, and consequently there are limitations
to the use of a higher proportion of local raw material pulp when
producing fine varieties of paper. From the environmental point of
view, a major problem in the use of non-wood fibers, and in
particular of rice straw, is the high silica content. The silica reduces
the efficiency of the recycling and wastewater treatment systems;
it also forms deposits in the evaporators and on boiler tubes. Since
the efficient recovery of cooking chemicals is an important requisite
for pollution control as well as for the economic running of a pulp
mill, this silica problem has to be overcome. The General Company



TABLE U ) : ITOUSTRIA1 SOLID WASTES IN ALEXANDRIA

1

l.Inorcaiucs
A Water treatment

3 Glass

C Cenent&cerareics
D Iron & steel
E Foundries
F Chemicals

Subotal
2. Organics
A Dyes & chemicals
B Tyres

C Textiles
D Batteries
E Plastics
P Paper
G Tanneries

Subtotal
3. Food
A Poultry

fejor constituents
tons/d

33C0 precipitation&badewash
sludges

2.6 collet
0.2 fibre glass
22 dust
30 slag
6 foundry dust

20 salt refining&processing
(CaCO3,Ca(CH)2, CaSO4)

381.0.8

260 organic residues and CaSO
0.7 pastes and rejects

scrap
30.9 re}set textile&waste fibre
0.8 sludge (lead 6-9 percent)
0.9 rejects

180 rejects and waste paper
4 fleshing and rejects

481.5

35 viscera&feathers
B Flour mils&bakeries 49 bread rejects&flour
C Beer
D starch
S Yeast
P Canning

G Dairy
H Edible oils

Subtotal
4. Metal and other
A Iron
B Metal cleaning
C Pharmaceuticals
0 Caustics
E Oil refining
P Municipal WWT
G Service stations

Total

0.5 fermentation sludges
10.4 processing residues
3.6 fermentation residues

33 vegetable&fruit residues
3 fish residues
5 whey
6 spent bleaching earth
0.3 spent sludge(Ni catalyst)

145.8
hazardous wastes

1.3 pickling wastes
0.5 cleaning wastes,solvents
0
1.2
3.6 tank bottoms (intermittent)
2 sludges
2 crank case oil

18.6

Disposition

slurry discharge to drainag
canals
recycle or re-use
incineration
air emission
open dumping
reclaim or dumping
direct discharge to the se»

controlled dumping
reclamation
reclaim or dump
reprocessing

dumping
reprocessing
reprocessing
glue manufacture

animal feed
animal feed
animal feed
sewerage discharge
swerage discharge
animal feed
animal feed
sewerage discharge
dumping
dumping

neutralization & dumping
sewerage discharge

discharges to sea
dumping
drying beds
reclamation



Table (2): WASTE LOADS OF MANUFACTURING INDUSTRIES IN AHA.

Industry

Pulp & paper
Paper conversion
Textiles
Dyes
Fertilizers
Steel
Oil & soap
Tires
Refineries
Chemical (Inorganic)
Tanneries
Power
Match
Electronics
Refractories
Plastics
Bottling
Canning
Dairy
Yeast & Starch
Brewery
Poultry and
slaughter hour
Pharmaceuticals
Grain processing

Total

Discharge

S
L.S.D
L.S.D,
S
S
SE
SE.C
SE
S,L
S
S
S
L
D
D
D
SE
D
D
SE.L
SE
D

SE
SE

Sft*
150
18

137
14
30
65
80
13

230
85
18

324
2
1
0.5
4
12
6
1.5
5
7
4

3
18

1229

BCD

143
3.7
35.3
12.1
0.4
1.2

43.5
0.9
28.7
13.5
12.9
12.3
0.6
0.2
1.1
0.7
3.8
4.4
0.9
3.6
1.3
3.4

1.3
1.7

330.5

COD
(tons/d)

267
5.9
73.8
27.1
0.7
1.9
76.9
1.5

66.7
15.8
15.9
18.0
1.1
0.3
1.3
1.4
5.2
6.1
1.3
4.5
1.8
5.6

1.8
2.4

604

SR

113
6.1
62.4
11.4
1.2
1.3

53.1
1.2

63.4
60.1
28.1
22.7
0.7
0.4
1.9
0.8
2.1
5.8
0.87
3.8
0.6

•7.9

0.3
1.4

456.4

3.2
2.1
6.2
0.2
0.4
0.9
18.4
0.3
10.3
3.6
1.8

20.3
0.2
0.1
0.2
0.4
0.2
2.1
0.3
0.1
0.2
2.3

-
0.3

74.1

S Sea outfall L Lake outfall
SE Sewerage network

D Drainage Canal



Table (3): AVERAGE ANALYSIS Q 7 TRACE METALS IN SELECTED INDUSTRIAL EFFLUB/JS IN
ALEXANDRIA

Source

Copper works
Canning
Dairy

Tyres
Textiles
Paper conver
Electronics
Oil & Soap
Tanneries
Inorganics
Foundry

Zn

594

1800

1144

6285

101

11.3*

6250

5550

2133

381

8400

Cu

450

30

1B5

400

107

220

70

95
603

355

290

Ni

388

5
234
NO

198

20

NO

60

545

475

30

Cr

to
20

210

1509

ND

360

50

30

127 •

ND

460

ug/1
Cd

ND

0.5

0.5
O.5

2

3

8

0.5

715

29

3

Fe

1392

2200

3275

2550

320

4050

1525

3625

14*

1775

21800

Mn

144

340

355

205

119

480

373

445

979

216

630

Vto

209

30

255

45

102

410

255

285

1238

527

260

* Concentrations in mg/1
ND - Not detected



F i g u r e 2 DISTRIBUTION OF POLLUTANTS IN ALEXANDRIA INDUSTRIAL ZONES
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for Paper Industry RAKTA, is one of the world's largest rice straw
pulp mills. Its production amounts to 45,000 tons of bleached rice
straw pulp per year. Utilizing agricultural residues such as rice
straw has come up against several obstacles. Perhaps the most
serious is the primitive technology for pulping the residues, when
compared to the new and sophisticated developments in pulping wood.
The lack of a recycling pathway was a severe handicap. The black
liquor, containing about one half by weight of the straw quantity and
all of the cooking chemicals ( 13000 tons/y Caustic Soda ) had to be
continuously dumped, whereas had recovery of the chemicals from
rice straw black liquor been possible, dissolved inorganic matter
could have been recycled and pollution would have been considerably
reduced [5].

Desilication has been tried in pilot unit at RAKTA paper mill. The unit
included flash evaporator, carbon dioxide generating unit, reaction
unit and sludge separation .with a capicity of 200 cubic metres/ day .
The flow digram of the disilication pilot plant is shown in Figure 3.
The results of straw black liquor desilication confirmed the
practicality of the process. Desilication of over 90% and caustic loss
of about 1 % were achieved. Sludge separation has been tried using
vaccum filtration, centrifugation and decantation. The consistency of
the sludge exceeded 30 % and the residual alkali was about 1 gm/kg
of dry sludge [5]. A pilot study is underway for possible utilization of
the sludge in brick manufacturing.

I I . TEXTILE FINISHING: AMA hosts the largest concentrations of
textile mills in Egypt ; among the 300 textile plants in the
region.28 are large-scale public sector industries. Textile
finsihing involves many polluting processes such as sizing,
mercerizing, dyeing and printing; however, their are tremondous
opportunities for waste minimization and improved productivity
through application of new and innovative CT.

The problem in the past has been that no systematic approaches were
attempted to control pollution since most AMA plants were accustomed
to use excessive amounts of water and the discharge of untreated
effluents to the receiving bodies. The continuous introduction of new
fibers, finishers, chemicals, processes, machinery and techniques and
an ever-changing consumer demand for different styles and colors of
fabric result in wide variations of waste loads and unavoidable
discharge of hazardous wastes.
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By and large, water reuse is practiced in all textile mills in AMA ana
several operations are reusing at least some of their various types of
water that would otherwise be directed straight into sewec system,
The simplest example of water reuse, and one that has been used for
quite a long time, is the counter flowing of wash boxes on a range. In a
counter-flow situation, water is actually reused to a number of times
equal to the number of boxes counterflowed. The water from the last
box, instead of being dumped, is reused in the previous box, and so on.
This is by far the most economical way of running a series of wash
boxes, and it has no disadvantage in washing efficiency over a range in
which bo'~es are individually dumped. Water from bleach range wash
boxes is used for making up desizing, scouring, or mercerizing liquors.
The recycling system presently used in STIA textile finsihing plant is
depicted in Figure 4.

Caustic Soda is currently recovered in five textile finishing plants in
AMA from the mercerizing and scouring processes. However,the
presence of excessive natural impurities in the recovered solution
reduces the effectiveness of the recovery process. An alternative,
being investigated at STIA involves subjecting the solution to a
centrifugation operation to remove impurities followed by step-wise
evaporation to concentrate caustic solution. This pretreatment proved
its effectiveness in improving the recovery process, and will soon be
introduced in full-scale operation.

Problems have recently arisen in AMA textile finishing due to extensive
use of non-recoverable sizing agents which cause significant pollution
problems; the industry has considered replacing starch with other
recyclable sizing agents, in general, these are much more costly than
starch but, on the other hand, their use, more or less, circumvents the
pollution problems that have arisen in the use of starch. Among these
sizing agents with reasonably low BOO are the hydroxyaikyl ethers of
starch and the carboxymethyl ether of cellulose (CMC). These products,
are relatively expensive sizing agents, particularly in relation to the
price of cotton goods, not only because of substantial chemical reagent
costs. In addition, cold water solubility of product develops well below
the degree of chemical substitution level; hence manufacturing
procedures, particularly in the case of starch derivatives, must be
changed to a more costly processes to cope with the developing water
solubility characteristic. Nevertheless, it has been found slightly less
costly to use these sizing agents in certain operations, e.g., cotton
w /p sizing, than to build expensive wastewater treatment plant.



ClDIti flow

I I I I I

••• To lacovtry

FIGURE 4 WATER RECYCLING IN BLEACHING AND MERCERIZING AT STIA PLANT



Other substitution alteratives which are presently pilot-tested in
some AMA textile finishing plants include

* Steam ranges for oxidation of dyes instead of dicruomate-acetic
acid baths;

" Use of low-BOD dispersing,emulsifying, and levelling agents inplace
of high BOD agents;
Replacement of acetic acid in dyeing with ammonium sulfate;and

* Replacement of carding oils (olive oil) with mineral oils and non-
ionic emulsifiers.

Non-aqueous systems for desizing. dyeing and finishing are being
investigated m pilot-scale study. The soluble natural impuritues are
collected in an oily semi-solid form, rather than discharging them as a
highly alkaline and soap-laden effluent from cotton scouring and
desi2ing Such system may be liable to full-scale application in the
AMA textile mills to reduce the discharge of heavily polluted textile
effluents tn water bodies and the city sewerage system [6]

i l l . FOOD PROCESSING INDUSTRIES: In terms of scale of production,
number of manufacturing plants and varieties of food products,
AMA represents the largest center for food processing in Egypt.
Among the food production facilities in AMA, about 53 are large
scale public industries; edible oil refining and soap production (9),
milk (1).beverages (8), alcoholic liquors (3), yeast (1), starch
(2),canned foods (2), poultry processing (2), rice husking (6) flour
milling (16). and confectioneries (5).

The manufacturing facilities are widely distributed in the region and
their uncontrolled pollution causes severe environmental deterioration
in AMA. Waste arisings typically constitute those residual products of
food production that have not been reused, recycled or salvaged. They
are the non-product flows of raw materials whose economic values are
less than the cost of collection and recovery for reuse; and therefore
discharged as wastes. These wastes could be considered as secondary
products if there were appropriate technical means for converting
them into usable materials and if the value of the subsequent products
were to exceed the costs of reprocessing. Residues in this case cannot
be regarded as wastes but become an additional resource to augment
existing natural materials.
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Recycling, reprocessing and eventual utilization of residues offer the
potential of returning these secondary materials to beneficial uses
rather than their uncontrolled discharge which causes detrimental
effects on Alexandrenians and their amenities. Successful residue
utilization involves (a) rendering recovered products suitable for
beneficial use, (b) promoting marketability to ensure profitable
operation, (c) employing appropriate reprocessing technology, and (d)
creating an overall enterprise that is socially acceptable and
economically feasible.

Management of food residues in AMA has been generally tackled in a
piecemeal manner, and was rarely considered within the context of a
comprehensive resources conservation scheme; constraints which
hamper effective reuse of residues include; (a) lack of economic
incentives and government subsidization; (b) scarcity of managerial and
technical skills needed for effective wastes utilization; (c) shortage of
capital for investment in residue reprocessing; (d) unreliable
information concerning marketability of the processed residues, and (e)
unfavorable consumer attitude. Effective management of food resdiues
in AMA must benefit from regionalization, where residues from
separate but compatible sources can be brought to a centralized
facility for treatment.

Demonstrations and pilot-scale studies are considered effective means
for introducing new methods and technologies for food waste recovery
and utilization. When assessing the economics of residue utilization
schemes in the industrialized world, the higher labor costs required for
reprocessing compared to the relatively cheaper costs of primary
production frequently hinder reprocessing of residues. In the developing
regions, such as AMA, the situation is reversed, since most residue
recovery schemes are cost-effective due to availability of manpower
and better marketability of the reprocessed materials.

In dairy processing, every ton of cheese produces about 7 cubic meters
of whey as a byproduct with a high pollution concentration. Several
techniques have been developed elsewhere to reduce the pollution
potential of whey and convert lactose and protein residues into
industrial products. Water is removed then extraction of protein is
achieved by coagulation in an acid medium, followed by separation by
ultrafiltration.
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Production of lactose is accomplished through decomposition by
microorganisms. Profitable uses of protein from whey in AMA , include
lactose production which can be used for pharmaceutical-type products
such as ethyl alcohol, vitamins and antibiotics. Cattle fooder also uses
yeast extracts from lactose [7].

Processing of fruits and vegetables generates large amounts of solid
wastes. About 60,000 tons/year of various agricultural products are
processed in two plants in AMA. Edfina and Kaha canneries. Solid
wastes amount to 25-35% of the raw materials; they include spoiled
raw materials, peels, stems, pith and trimmed parts. Part of solid
wastes generated from the canning industry is presently sold as animal
feed in Alexandria. However, the lack of an organized collection and
proper storage systems often results in residue purification. As with
any organic residues, proper handling of the residues generated is
needed to assure suitable quality for feeding formulae. In common with
other utilization possibilities, wide-scale usage of canning residues
depends on the economics of alternatives such as the price of other
animal feeds in the local market, their availability and nutritional
value. A field study of inplant modifications to conserve water and to
optimize residue handling at Edfina cannery will soon be initiated. The
proposed process modification to conserve water and reduce waste load
is depicted in Figure 5.

In the Pyramids brewery, a new modification involves filtration of the
wash water through a plate and frame filter press where the spent
grain filter cake drops from the filter into a hopper and is mechanically
pumped with a minimal water usage. The spent grain is then dewatered
in a screw press and dried in a steam drier. The spent grain liquor from
the screw press is centrifuged to remove the solids which is added to
the spent grain and the malt sprouts from the malting process for
marketing as animal feed. The centrifuged liquor is returned as make-
up in the washing operation.

In edible oil refining, about 5000 tons/y of spent clay are currently
discarded in AMA which pose serious environmental problems. Residual
oil in the spent clay reaches 40 %. Small-scale recovery of the retained
oil and regeneration of the clay is being practiced in a privetly owned
facility. Caustic treatment recovers over 70 % of the entrained oil
which is used for production of low quality soap . The remaining clay is
burned under controlled conditions to produce reactivated clay with
more or less similar bleaching power to that of the imported clays.
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FIGURE S WATER RECYCLING AND RESIDUE RECLAMATION AT EDFINA CANNERY



Application of this technique in a centralized unit wo n ' j be cost-
effective because of the high demand for the recovered oil and the
regenerated clays. Regeneration will also alleviate the disposal
problems of the spent clay. However, the attitude of food residue
producers, and users of the recovered materials, is crucial for the
success of any residue-utilization scheme [8].

Generators of food residues often want to get rid of their wastes as
quickly and cheaply as possible without seriously considering the
possibility of recovery, unless compelling regulation force them to
resort to such action. Economic measures such as reduced taxes,
subsidies and higher costs of primary materials may encourage
investment in residue recovery and utilization. The unacceptability of
reclaimed materials by users in AMA is considered an obstacle to
effective residue utilization, a variety of subjective reasons such as
less nutritive value, contamination, lower keeping quality are given by
consumers for rejecting reclaimed residues. Such prejudices are bound
to diminish when products involve price differentials for comparable
quality.

Concentrations of food industries in AMA has intensified the industrial
waste problems at a time when the community has joined the national
quest for a pollution-free environment. Although most residues
generated from food processing are not toxic in nature, they can cause
intense pollution problems when accumulated in large amounts for
extended periods. In this case, reliance on residue recovery could help
to alleviate a major pollution source while supplying additional
sources of fertilizers and animal feeds.

Evidence indicates that production of secondary materials from residue
will continue to grow in the foresseabie furture in AMA due to
increased public pressure to control pollution and the growing demand
of these products for the extensive program of agriculture and animal
production in the country. It is, therefore, essential to recognize that
the need to recycle food residues will become inevitable and that foods
and feeds must be produced from residues on a large scale in the near
furture. Appreciation of the inevitability of this change is necessary to
enable planning ahead for new resources to supplement the shortages of
conventional agricultural products. Some food industries in AMA are
treating their wastes on-site. The disadvantages of such treatment are
high capita! and operating costs, low-volume operating levels, and
unavailability of expertise to operate individual treatment units.
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With the magnitude of waste disposal problems facing Alexandria
today, efforts must be directed towards achieving maximum reduction
of pollutants at minimum cost. This can be attained by centralized
waste treatment to permit process efficiency, economy of scale, better
response* to future expansions, flexibility to meet the needs of
seasonal operations, and possible recovery of materials and reuse of
renovated water

It is therefore proposed to establish central treatment facilities m
Alexandria wherever feasible to serve major complexes in the city.
The centralized plants will treat the pretreated process effluents to
remove soluble volatiles by aeration, trace constituents by adsorption,
soluole organic matter by biological treatment etc. The bacterial mass
formed by biosynthesis can be further utilized as a feed additive. This
biomass is characterized by high convertible enerby content, high
protein and vitamin content.low levels of trace metals, absence of
carcinogenic and teratogenic substances, and suitability for storage [8].
The proposed centralized scheme for effluents treatment and
reclamation of food residues is illustrated in Figure 6.

IV. WATER RECYCLING IN POULTRY PROCESSING: Water,
traditionally a resource of great convenience and minor cost, has
not occupied the attention of poultry processors in AMA. As a
result, wasteful water use practices have been common in this
industry. The poor quality processing plant in terms of water
management must be distinguished from the poor quality plant as
measured in terms of product. The processing plants in AMA are
modern and turning out an excellent poultry product, however, they
may be the worst from a pollution standpoint. In a typical poor
water management situation hoses are kept running when not in
use, excessive amounts of water are used, and poorly designed
water supply systems permit little if any control over pressures
and rates of flow. In general water is used indiscriminately and
the basic philosophy seems to be that the more water used the
better ths quality of processed poultry.

An industrial-scale multiple water reuse system has been put in
operation at Abbis poultry processing plant in Alexandria*
The system involves chlorination of cooling water from compressors
and its successive reuse as feed water for the chiller, prechiller,
washer and finally for makeup in the scalder. In all four units poultry
carcasses are immersed in water.
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Long-term studies at the plant indicated that successive utilization of
prechlonnated water in a multiple system did not result in significant
buildup of contaminants (total and coliform counts) and organic
pollutants (grease, nitrogen compounds, BOD and COD) in the immersion
tanks The bacterial quality of the carcasses processed by the multiple
reuse water was superior to the quality of the typical system which
utilizes prodigious quantities of potable water in a once-through feed
system without filtration and chlorination. Filtration, when
incorporated with the multiple system, enhanced the water and carcass
quality with progressive elimination of the organic contaminants which
would mterfer with chlorination. Schematic of the multiple water
reuse system is shown in Figure 7.

Another important CT option is the installation of improved spray
no2zles to reduce fresh water usage in final bird washers, in hand
washers at evisceration and in whole bird washers. Mechanical
improvements in the replacement of old free running hoses by a high
pressure cleaning system using foam cleaners reduced cleanup water
without contemplating extensive process changes or internal reuse of
water. A noticeable reduction of fresh water usage and wastewater
flow was achieved by the installation of efficient spray heads and
cleaning equipment. Varying tine pressures and waste demands which is
frequently encountered in different parts of the plants rendered
automatic or timed spray squipemnt nonfunctional. Pressure control
valves placed at strategic locations in the plant prevented such
difficulties. The blood emanating from poultry processing, are
collected and used as a material for the production of protein fodder
components. However, the present utilization procedure is
unsatisfactory as most of the blood is disposed of into the sewerage
systems because of lack of suitable recovery facilities.
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Pollution Prevention Measures Implemented at
the Lawrence Uvermore National Laboratory's Site 300 Facility

Marjorie Auyong Gonzalez
University of California, Lawrence Uvermore National Laboratory

Livermore, California, U.S.A.

Background

In the 1970s and 1980s, national and local environmental protection efforts focused largely
on the "end of pipe" treatment and disposal of liquid and solid wastes generated from
industrial processes, and the abatement of pollutants at the point of discharge to the
environment. Because the approaches did not emphasize multimedia pollution management,
pollutants were sometimes transferred from one medium (air, water, soil) to another,
instead of being treated or securely disposed of. In the late 1980s, both industry and
government moved in a new direction that focused on the preventative rather than "end of
pipe" or "point of discharge" management of waste and pollutants.

Since 1988, The Lawrence Livermore National Laboratory (LLNL) has conducted a Waste
Minimization/Pollution Prevention Program at its Site 300 facility near Tracy, California.
The site, which is located approximately 60 miles east of the city of San Francisco, :s owned
by the U.S. Department of Energy and operated by the University of California. Site 300
supports research conducted as part of the Defense Systems Programs and the Laser
Program. The following major program and support operations are conducted at Si'e 300:

• High Explosives Chemistry - Batches of new explosives are processed and formulated
for use in high explosives studies.

• High Explosives Processing - High explosives used in experiments are pressed,
machined, and assembled or disassembled.

• High Explosives Testing • Non-nuclear weapons components and materials are detonated
to verify weapons design and material performance.

• Thermal and Dynamic Weapons Testing - Test units are subjected to thermal and/or
dynamic environments that simulate the stockpile-to-target sequence expected in
deployed weapons systems.

• High Energy Physics Research - Development work on future high energy power sources
is being conducted.

• Environmental Restoration - Site 300 has been listed as a CERCLA National Priorities
List (NFL) site. Extensive soil and groundwater investigations and remediation
activities are being conducted.

• Institutional Services - Institutional operations, such as maintenance and crafts
support, engineering support, medical services, and vehicle maintenance and repair
services are provided at Site 300.

All of the operations described above generate hazardous waste, ranging from famiiiar forms
such as waste oil from the vehicle maintenance operation to high explosives waste from the
High Explosives Chemistry and Processing areas. In addition to hazardous waste, low-level
radioactive waste and occasionally mixed (radioactive and hazardous) waste, is generated at
the High Explosives Testing facilities. In order to eliminate or minimize waste and pollutant



discharges from these Site 300 operations, a Waste Minimization/Pollution Prevention
Program was established.

Program Organization and Goais

We initiated our Waste Minimization/Pollution Prevention Program at Site 300 in 1988,
by developing an organizational structure for managing and implementing the program,
defining the roles and responsibilities of those involved, setting policies and strategies, and
goals, and identifying mechanisms for information exchange. Our program was to include
methods for: (1) eliminating or reducing sources of hazardous, radioactive, and mixed
waste, emissions, and discharges by material, process, or housekeeping controls, (2)
recycling wastes through reclamation or reuse or, if these two options were not available,
(3) arranging for environmentaily acceptable waste treatment to reduce the toxicity and/or
volume of the waste generated. Site 300 management formally documented the program1.
and issued a policy statement to all employees informing them that the new policy was to be
incorporated into all existing and new programs, activities, and operations conducted at Site
300. 2

Employees have been asked to use source reduction measures, including (I) technology
modifications, such as process or equipment changes; (2) input material modifications,
such as raw material substitutions; (3) operational improvements, such as inventory
control and administrative procedures to prevent leaks and spills, segregation of recyclable
materials from waste streams, and good housekeeping and maintenance practices; and (4)
product reformulations, such as end product substitution. If source reduction is not
possible, employees have been asked to consider recycling options, including (1) use/reuse,
where material could be returned for use in the originating process or another process as
input material, and (2) reclamation, where valuable or useful material could be recovered
from a wastestream. Our program has been targeted at processes, activities, or operations
that generate hazardous, mixed radioactive, and radioactive waste. Recently, efforts have
been made to include non-hazardous solid waste in our program. Examples of recommended
techniques and approaches are shown in Figure 1.

Figure 1. Examples of Waste Minimization/Pollution Prevention Techniques Employed
at Site 300

Waste Minimization/Pollution Prevention Techniques

Use products or equipment that produce minimal or no waste.
Segregate processes that generate hazardous wastes from those that generate
radioactive wastes, and hazardous and radioactive wastes from those that
generate nonhazardous wastes.
Segregate wastes to enhance recovery/reuse potential.
Manage inventory to avoid surplus material that will become outdated.
Outdated product-waste.
Control raw materials entering the process and substitute nonhazardous for
hazardous raw materials whenever feasible.
Eliminate sources of leaks and spills.
Modify equipment or process to enhance recycling and reuse of material.
Establish a waste exchange within your work area.
Redesign or reformulate final products.



To assure that waste minimization/pollution prevention measures are incorporated into
daily activities, each top line manager from the various Site 300 organizations appointed a
Waste Reduction Coordinator to direct efforts in their area, assure that personnel are made
aware of waste minimization/pollution prevention requirements, and interact with line
management. Waste Reduction Coordinators have established waste minimization goals and
plans for their respective areas.

Our site-wide goal was to reduce the total volume of hazardous and mixed wastestreams
generated at Site 300 by at least 25% in three to five years, using volumes generated in
1983 as our baseline. We have achieved the goal using the procedure described below.

Waste Minimization/Pollution Prevention Assessment Procedure

Waste minimization/pollution prevention assessments conducted at Site 300 involved four
major steps: (1) information gathering and identification of candidate streams; (2)
identification and screening of potential source reduction or recycling options; and (3)
assessment of technical and economic aspects of potential options, and (4) implementation
and evaluation of the reduction measure implemented. The procedure are patterned after
similar approaches recommended by the U.S. Environmental Protection Agency3 and the
State of California Environmental Protection Agency4.

Information Gathering and Identification of Candidate Wastestreams

Information is gathered by the Waste Reduction Coordinators for their respective areas,
with the help of employees directly involved with the process being assessed. We believe
that these employees, who are familiar with the materials, processes, and procedures for
their operations, are the best resources for identifying areas where waste
minimization/pollution prevention changes can be made. Information gathering involves
identifying all input chemicals and understanding their use. locating the generation points of
all air emissions, wastewater discharges, and wastestreams, and compiling quantitative data
from purchase and acquisition records, disposal forms, air and water permits and,
sometimes, environmental monitoring results. Block diagrams, using the model shown in
Figure 2, are developed for processes, operations, or activities under study. The purpose of
the block diagram is to quickly identify wastestreams that are targets for further study as
source reduction or recycling candidates. More detailed process flow diagrams are developed
for complex operations.

Criteria was developed for determining and prioritizing candidate wastestreams.
Wastestreams meeting one of the following criteria were assigned a high priority for
reduction:

mixed wastestreams
radioactive wastestreams
hazardous waste generated in large volumes (i.e. >i000 gai/yr) or that are
extremely hazardous, and
wastestreams regulated by air pollution or waste discharge permits

Wastestreams not meeting the above criteria are also assessed as an assurance that they do
not constitute a high priority wastestream if amassed, and also to keep waste generation,
environmental discharges, and disposal costs to a minimum.
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Identification and Screening of Potential Measures

Following data gathering and the identification of candidate wastestreams, options to reduce
the was'.estream are identified. Development of a list of possible options is a group effort,
with the group led by the Waste Reduction Coordinator. The Waste Reduction Coordinator
works with employees directly involved with the process being assessed, compliance
support personnel from the environmental and safety departments and, on occasion, a
representative from Plant Engineering. Options are identified through "brainstorming"
sessions, allowing the discovery of options not previously considered singly by members of
the group. A comprehensive list of options is generated and, after discussions, the most
promising options are selected for further screening.

Many of the early Site 300 waste minimization/pollution prevention actions involved minor
process changes and little or no capital costs, so some options underwent an informal
screening process. We continue to screen and select options by informal group concurrence
for these types of changes. For changes involving significant changes or costs greater than
35000. promising options are screened using a weighted matrix approach to ensure that all
factors are considered before implementation. The following factors are generally included
in the evaluation:

expected change in volume of waste generated
• technical feasibility
• cost analysis and economic evaluation

effects on product quality or operations
• impact on employee health and safety issues
• compliance requirements, including permits and variances
• changes in releases and discharges to all media
" ease of implementation



n of Technical and Economic Aspects

Technical and economic feasibility analyses are conducted on preferred options identified
iforough matrix analysis. The technical feasibility study involves a wider circle of
discussion, including persons who will be affected by the potential action. It probes deeper
into design, construction, and operational considerations and reinvestigates the potential
effects that the change will have on associated process and materials, as well as on the final
product or operation. Cccasionafly, feasibility tests need to be conducted to arrive at a final
conclusion. If, after this evaluation, the option appears to be infeasible, it is either
modified to be acceptable or dropped. Similarly, an evaluation is carried out to verify that
the option is economically feasible. Applicable capital costs for design, purchase, and
installation of equipment are analyzed, along with existing and future operating costs for
raw materials, regulatory compliance activities, manpower, utilities, and treatment and
disposal costs. Existing operating costs are compared to the proposed option's capital and
future operating costs to determine economic feasibility. Economically feasible options are
those that show a promising return on investment (i.e. pays for itself in 1 to 2 years). If
economically infeasible, modifications are made to improve the return on investment or the
option is dropped.

Options that are verified to be technically and economically feasible are implemented. Our
waste minimization/pollution prevention activities are ongoing. Therefore, infeasible
options are substituted with new options and evaluated using the process described above.

Implementation and Evaluation
Waste minimization/pollution prevention measures adopted for implementation are managed
by the Waste Reduction Coordinator. Requests for funding are prepared, environmental
impact anal1, ses are performed, environmental and safety requirements are established, and
a scheu'uie is developed. Following implementation, an evaluation is done to determine
whether the measure was successful. Successes and "lessons learned" are shared through
reports and other publications.

Site 300 Waste Minimization Accomplishments

Site 300's 1988 goal of "25% reduction within 3 to 5 years" was achieved after the first
year (1989). Since then, waste volumes have continued to decline, with double-digit
reduction percentages noted in 1990 and is expected again in 1991. The various Site 300
organizations demonstrated the philosophy that prevention is superior to treatment,
disposal, or remediation in :he future by implementing the following changes:

• The synthesis and formulation of energetic materials results in the generation of
hazardous wastes, which include solvents, energetic materials, and polymers. To reduce
waste and emissions, personnel implemented a procedure for screening all chemicals
introduced into experiments, encouraging substitution of more environmentally
compatible input chemicals and controls inventory so that the stock chemicals do not
become hazardous waste because their shelf life has been exceeded. Ozone-depleting
solvents, such as freon, have been substituted with non-halogenated substitutes such as
hexane. In-process separation and recovery of high explosives, solvents, and metals for
reuse have minimized air emissions and wastes, as shown in Figure 3. Excess extrudable
paste explosives are being reconfigured and used to make parts for high explosives test
operations.
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Site 300 high explosives test facility personnel haye made changes to their operation to
significantly minimize the generation of depleted uranium and lead mixed waste, and to
reduce the overall volume of waste generated. To minimize mixed waste generation, they
substituted non-hazardous steel weights in place of lead weights used in firing table
operations, and protected lead shielding from fragmentation with an aluminum barrier.
They also implemented a materials screening procedure to defer, if feasible, the use of
hazardous materials. The total volume of contaminated tent material remaining after an
explosive test has been greatly reduced by changing the design of the tents that
encompass explosive tests. As illustrated in Figure 4, the toxicity of the firing table
wastestream has been significantly reduced since 1988 and the annual quantity reduced
by more than 75%. This reduction represents a notable cost savings, given the high
projected cost of mixed radioactive waste disposal and the current cost of low-level
radioactive waste disposal. Cost savings are estimated to be approximately $860,000
for 1989 through 1991.
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High explosives laboratory waste has also been significantly minimized (approximately
11,000 cubic feet in 1988 to less than 1,000 cubic feet in 1991. The reduction was
accomplished by segregating packaging to ensure that only wrappers that come into
contact with the high explosives are disposed of as hazardous waste, and recycling
containers where feasible.

A chemical exchange system was established at Nuclear Design's Site 300 facility in
1990, and is currently being expanded to include Nuclear Design's facilities at the
Livermore Site. The system, which serves both as a clearing house for unused chemicals
and a request center for obtaining small quantities of bulk chemicals, is maintained by
the Nuclear Design Waste Reduction Coordinator. In 1990, 650 kg of freon and about
18,000 kg of oil was recycled, instead of being declared to be waste.

The use of aerosol spray cans, especially those containing ozone-depleting
chlorofluorocarbons (CFCs), have been targeted for elimination by environmental
regulatory agencies. Site 300 automotive fleet maintenance employees have substituted
stainless steel containers for the aerosol cans, and fill them from larger containers of
whatever liquid is needed. Pressurized air, not CFC, is added as a propellant and
different nozzles are attached to duplicate the fine spray provided by aerosol cans.



• Site 300's Plant Engineering employees have been controlling product inventory and
storage to avoid hazardous waste, such as outdated product and contaminated empty
drums. Paint Shop employees are segregating lacquer thinner and mineral spirits to
allow recycling of these materials.

• Site 300's Laser Program diverted rainwater discharges and repaired leaking water
lines, both of which discharged large volumes of uncontaminated water to the facility's
waste retention system, thereby greatly increasing the volume of wastewater to be
disposed of. These measures are expected to result in a cost savings of $20,000 per
year.

In addition to these already implemented waste minimization measures, Site 300 employees
are working on additional improvements. In 1992, a wastewater recycling system is
scheduled for installation at Site 300's automotive fleet maintenance facility to process
steam cleaning wastewater, which is the site's largest aqueous wastestream. At the high
explosives testing facilities, gravel recycling feasibility studies are also planned. Waste
assessments wiil be conducted in new areas and previously assessed areas will be revisited
to determine whether further waste minimization can be accomplished.
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HEAVV ELEMENTS IN FRUIT AND VEGETABLES CULTIVATED

IN SIEDLCE DISTRICT IN POLAND
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J. Jaroszyhska

Department of Chemistry, Agricultural and Teachers University

03 - 110 Siedlce, Poland

In the years 1988 and 1990 the contents iron, manganese,

sinek, copper, nickel, lead and cadmium were determined by

atomic absorption spectrometry method in vegetable and fruit

cultivated in Siedlce District. The metals concentration was

measured in strawberry, black currant, red currant, apple,

plum, carrot, cabbage, tomato, cucumber, red beet, parsley and

celery (leaves and -oots) and potato.

Only in a few samples of parsley leaves and celery, the

contents of lead and zinck exceeded the limit permi ted by

Polish Ministry of Health. The contents of cadmium greater than

0.03 mg/kg in fresh vegetable weight was found in many samples

of parsley, celery and in several samples of carrot, potato,

red beet and strawberry.

The Siedlce District located in the middle of eastern

Poland is a typical agricultural area and its industry is very

small. Till now only a few papers concerning problems of toxic

trace elements in crops from this District were published [13.

From the preliminare works carried out in the years 1936 - 1987

at our Department of Chemistry, it was found that celery and

parsley leaves had more cadmium than the permissible limit

established by Polish Ministry of Health i.e. 0.03 mg/kg, in

fresh weight of crops [13.



In several samples of carrot and red beet this level of cadmium

was exceeded too. The greatest lead contents more than 0.3

mg/kg in fresh matter was found in the parsley leaves.

In this paper the results of the investigation of rinck, lead

and cadmium contents in several most popular vegetables and

fruits cultivated in Poland in 1990 are presented.

Samples Preparation and Analysis

The edible parts of crops, as used for consumption, were washed

with demineralized water. The samples were dried at 105°C (in

quartz dishes) and next digested by stepwise raising the

temperature up to 450"C. After ashing and cooling, 1- 2 ml of

30'/. H a0 = was added and the samples were dried and heated

until white ash appeared (1-2 hours).

The ash was dissolved in 1 M HNQ3. Metals concentrations were

determined by atomic absorption spectrometry method.

Copper, nickel, cadmium and lead contents were determined after

complexation with ammonium pyrrolidinedithiocarbamate and

extraction with methylisobutyl ketone.

RESULTS AND DISCUSSION

The zinck, lead and cadmium quantity in mg/kg of fresh matter

are presented in tables I, II, III.

On the basis of the investigation it was found that fruits and

vegetables cultivated in the Siedlce District contain much less

harmful 1 elements such as zinck, lead, cadmium than the same

plants cultivated in the areas under industry emission C2,33.

It was also found that such crops as apple, plum, cherry,

cucumber, tomato and cabbage cumuiete very little qantities of

heavy elements.



iffsc sine 12nd. Contents

The lead concentration higher than 0.3 ing/kg was found only in

a single sample of parsley leaves and celery. The highest

quantity of lead was in the parsley- leaves and it was three

times higher than the permissible limit of this element in

Poland. Some samples of parsley and celery leaves contained

mere than 10 mg/kg of :inck.

JT<3cto2 urn Contents

The contants of this toxic trace element in food is one of the

largest problems for people. In our investigation, we found

that in all the analysed samples of celery in 1998, in 70'/. the

celery roots samples and in 50X parsley leaves, the quantity of

cadmium was above the permissible limit of this element in

Poland.

The high cadmium level in 1990 was determined in the samples of

carrot (2), red beet (2) and potato <3>. The highest amount of

cadmium was determined in the sample of carrot and it was

nearly four times greater than the permissible limit in our

country. Of all the investigated fruit in 1990, only strawberry

samples showed more than 0,03 mg/kg cadmium.

It should be stressed that the permissible level of cadmiumin

in vegetable and fruit in Poland i.e. 0.03 mg/kg, is much lower

than in other countries. For example the maximum acceptable

level of cadmium in crops in the Netherlands are: 0.2 mg/kg for

carrot, 0.1 mg/kg for cabbage, potato and tomato, or only 0.03

mg/kg for cucumber C43.



The contents of lead and cadmium determined in this study can

tie compared with metals concentration presented in the

1iterature.The data for cadmium contents in the table IV show

that ma.cimum and mean cadmium contents in potato, tomato and

carrot cultivated in different countries are alike.

From our results and from literature we can see that carrot is

a vegetable which cumulates more cadmium than other root crops.

On the other hand, because it is a very important vegetable in

people nourishment, especially for children, therefore it

should be cultivated only in unpolluted areas and the crops

should be checked.

This work was sponsored by the Polish Research Institute

PZH in Warsaw,
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ZTri Contents in Fruits and V

Ir-i Siedlce District in Polan

Crop

Black currant-
Red currant
Strawberry
Apple
P1 um
Cucumber
Tomato
Carrot
Potato
Red beet
Cafcba-se
Root of parsley

Leaves of parsley
Root of celery
Leaves of celery

n

9

10
12

10
9
9
10
10
19
10
9

8
6

7
5

Sn

min

3.40
2.21
2.41
0.22
0.9S
1.23
0.21
0.31
3.07
3.79
0.31
3.65
9.50
3.22
9.30

contents, sng/k-g
fresh wei-?nt

man

5.26
5.20
3.76
0.49
1.S5
3.00
1.90
5.94
6.09
S.92

" 7.43
9.50

27.00
5. SO
15.50

mean

4.56
3.48
2. S'w
0.39
1.46
2.35
1.34
3.24
4.35
5.9S
2.41
5.73
13.59
4.50
11.40

0
0
0
0
0
0
0
0

0
0
0
0
3

0



P'C1 Contents in Fruits and Ve-sete

In Siedlce District in Pel and

Crop

Black currant
Red currant
StrawDerry
Apple
Plum
Cucumber
Tomato
Carrot
Potato
Red beet
Caota-ge
Root of parsley

Leaves of parsley
Root of celery
Leaves of celery

n

9

10
12
10
9

9
10
10
10
10
9
S
6
7
5

Pt< contents, m-g.
fresh weight

rain

0.002
o. o i:
0.019
0.020
0.020
0.000
0.000
0.034
0.046
0.029
0.034
0.000
0.062
0.000
0.000

max

0.230
0. 135
0. 215
0.070
0.070
0.054
0.06:3
0.101
p. 104
0.057
0.091
0.023
1.09S
0.089
0.337

,<k?

0
0

0
0
0
0
0
0
0
0
0
0
0
0

mean

.101

. 056

. 1 06

. 049

. 036

.021

. 036

.045

. 073

.041

.056

.004

. 20?

.033

.159

" . . 7 -•;• • ?

0
0

o
0
0
0
0
0
0
0
1*1

0
1
0
1



Cd Content3 in Fruits and Vegetables

I.-i *;«dlc-a District in Poland

Cd contents. mg/fc-g '<\.-:=- :•' :=~:.=- .1:
Cfcp n fresh weight :-*i:5- .": : = .•=. '•

min max mean '..:': *i'-?

Black currant 9 0.000 0.012 0.004 0
Red currant 10 0.000 0.024 0.00S 0
Strawberry 12 0.014 0.130 0.053 0
<Apo!e 10 0-001 0.008 0.004 0
Plum 9 0.002 0.012 0.004 0
Cucumber 9 0.004 0.019 0.00:3 0
Tomato 10 0.005 0.013 0.007 0
Carrot 10 0.00S 0.1 IS 0.031 2
Potato 10 0.004 0.041 0.024 3
Red beet 10 0.007 0.-093 0.025 2
Cabbage 9 0.002 0.015 0.006 0
Root of parsley S 0.011 0.039 0.043 4

Leaves of parsley 6 0.022 0.102 0.057 4
Root of celery 7 0.026 0.163 0.054 5
Leaves of celery 5 0.045 0.115 0.074 5



Co C:rt:«>t5 ir- Crip Repot* tec 111 Varr:'.is 'r'-'.J

Cfcp fresh weight Country Liter'at

m m ma:. mean

T-.rnato 0.005 0.009 0.006 ":'.$•: *':•: = :*•

0.002 0.0S 0.02 "^ \i":-:-',:- H:;-:-; *: ;.

0.005 0.09 0.0 09 ."i'-a-

0. 0 0. 03 0. 01 !.Ki"

0.002 0.0 JS 0.017 . ; ,.:.•; i--:.

C a r r o t 0 . 0 0 S 0.11S' 0 . 0 3 1 ::'.^i • ' : : :•:•:•
0 . 0 0 5 0 . 1 6 0 .04 "-A \erer"aris ^•••••i =: il
0 . 0 0 3 0 .160 0 .041 SHScir

0 . 0 0 2 0 . 1 3 0 .02S :* »c;-i *:»:.

0 . 0 0 4 0 .041 0 . 0 2 4 "::*•: v : : :s:-.
0 . 0 0 2 0 .09 0 . 0 3 ' • • ' . ! • ' ! ' :>: : «:•• •:*•! ; : = ;
0 . 0 Of O. 'J lf? 0 . 0 1 6 tirtji-
0 . 0 0 2 0.1:?2 0.031 '.= .-::-:• *: si.



ELECTROCHEMICAL PURIFICATION OF LYES AFTER MERCERIZATION

A. SOCHA. Z. GORZKA. E. CHRZESCIJANSKA

and M. KAZMIEKCZAK

Institute of General and Ecological Chemistry, Technical University of Lodz,

90-924 Lodz, Zwirki 36, Poland

ABSTRACT

This paper presents the method of wastewaters treatment applying electro-oxida-

tion of organic substances and their sedimentation from the lyes formed while mer-

cerization. Investigations of electrochemical oxidation were carried out using a

titanium electrode coated with layer of RuO2 and TiO2 oxides. The most advantagaus

results were obtained at potential 600 mV versus saturated calomel electrode and a

current density 0.5 A/dm". It was found that the application of electrochemical

oxidation allowed about twofold acceleration in liberation of organic compounds

contained in lyes, as compared with natural sedimentation. The process of electrolysis

brings about twofold increase in the amount of liberated organic compounds.

INTRODUCTION

A key step in the production of high quality cotton textiles is mercerization, an

operation in which enormous quantities of caustic soda are used. As a result of

chemical fibre treatment, organic substances of hemicellulose type and others get into

the sodium hydroxide solutions.

Most textiles mills, therefore, try to recover as much as possible of caustic soda

contained in their effluents. Various method can be used to purify these lyes: e.g.

filtration, centrifuging or flotation in which the gas bubbles required can be generated

in different ways, for example electrochemically [1]. The paper presents an original

method of wastewaters treatment applying electro-oxidation of organic substances

and their sedimentation from the lyes formed while mercerization. Effectiveness and

intensity of sedimentation in solutions after electrolysis and without it were compared.



METHODS OF MEASUREMENTS

The investigations were carried out on the solutions of polluted sodium lye obtained

in the process of cotton mercenzation. The lyes diluted as well as after concentration

on the Kasag evaporator, were examined . The process of anodic oxidation of

wasiewaiers was carried out in an electrolyzer with separated and unseparated

electrode spaces. The working volume of the anodic space was 300 cmJ. As anodes

titanium sheets coated with ruthenium and titanium oxides of the surface 160 cm"

were used. Cathode was prepared with carbon fibres. The progress of the reaction

was determined from chemical oxygen demand values (COD). COD volue were

determined before and after electrolysis and sedimentation lasting 20 hours. Because

of natural sedimentation process, all experimente were carried out with freshly

received samples of lyes. Examined samples were characterized by different concen-

trations of NaOH and by different COD values as a result of continuous mercerization

and concetration. Time between sampling and further treatment was about 1 hours.

RESULTS AND DISCUSION

Investigations of electrochemical oxidation of organic compounds contained in

post-mercerization lyes started from determining the dependence of current on the

electrode potential. The dependence gives basic information on the course of the

eiectrode process. By means of voltamperometric method the above dependences

were determined for oxidation reaction. The electrode potential was measured in

relation to a saturated calomel electrode (SCE). Exemplary dependence of the

reaction current out the electrode potential is presented in Fig. 1. The dependence

presented in Fig. 1 indicates, that an increase in potential starting from 400 mV is

accompanied by an increase in oxidation current of organic compounds and reaches

a maximum at potential about 600 mV. At further increase in potential, the current

value increases and reaches a practically constant value in the range 1,2 to 1,4 V.

Increase of current from potential about 0,8 V, results from continuation of anodic

oxidation of organic compounds and from anodic oxidation of NaOH, accompanied

by formation of oxygen. Similar dependences were obtained during oxidation of lyes

after cotton bleaching. It was found out that oxide electrodes allowed to use 40 times

higher currents than platinum electrode at the same potential [2].



It was also t'ound out that the highest decrease of COD value was obtained at potential

about oOO m V. The further investigations were carried out at a constant potential 600

mV, at which no oxygen was produced on the electrode. As it is known, value of electric

charge passing in the circuit has decisive influence on effect of electrode reaction. An

influence of reaction time on decrease of COD value in wastewaiers was determined

at constant potential about 600 mV. Exemplary dependence of COD change on time

in wastewaters after mercerization is presented in Fig 2. COD value of these waste-

waters was about 13.20 gOi'dm and after 20 hours of natural sedimentation decre-

ased to 6.S6 gO^/dm"1. It can be concluded from dependence presented in Fig 2 and

from analogous investiggations with other parts of wastewaters, that the highest

decrease in COD value is obtained after about 20 minutes of anodic oxidation. In the

anodic process, it is important to determine the influence of geometric electrode area

and its type on examined process. Results of influence of electrode area on effect of

COD decrease in concentrated lyes (with concetration of NaOH 332 g/dm ) are

presented in Table 1, From data presented in Table 1, slight influence of electrode

area on examined process can be concluded. However, because of COD in relation

to natural sedimentation, electrode area about 20 cm" is regarded to the be best one.

It was also found that products formed after electrolysis can sediment or float, what

is dependent on electrode area. Applying of electrode with area about 2 cm*" causes

that products are collected on the surface of solution. In the case of two other

electrodes, the suspension is formed in whole volume of solution and sediments. In

the case of nonconcentratedlyes, electrode area shightly influences on COD decrease

and suspension which is formed, sediments. Surface of electrode can be covered with

ruthenium and titanium oxides in different proportion. In the Table 2, there are

presented results of studies on wastewater oxidation with three choosen contents of

electrode surface.

From data presented in Table 2, it can be concluded that the best effects of reaction,

i.e. the highest decrease of COD value, can be obtained with using of titanium

electrode covered with RuO2 in 100 per cent. In order to determine the most

advantageous potential of oxidation reaction on above mentioned electrode, there

were carried out measurments of current and COD value at different potentials.

Results of these measurment are presented in Table 3 and they show that the potential

of 600 mV is the most advantageous in the investigated reaction. In connection with

considerable changes of COD value in concentrated lyes after mercerization, there



was also examined an influence of iniial COD value on its decrease alter reaction of

electrochemical oxidation. Obtained results are presented in Table 4, From data

presented in Table 4, it can be concluded that initial COD in wastewater does not

influence on decrease of its value as a result of electro-oxidation. It always decreases

to value of about 35 gO2/dm3. This fact can indicate on eguilibrium between panicles

(mainly hemicelluloses) and their intermediate products. That equilibrium can de-

pend on NaOH concentration in raw wastewaters.

Electrode reactions in technic are usually realized at controlled passage of current.

Because of that, investigations on electro-oxidation of organic compounds contained

in lyes were earned out at constant current. Current intensity was so calculated to

enable getting the potential in range 500-700 mV. Exemplary results of organic

oempounds oxidation in concentrated lyes after mercerization are presented in

Table 5.

As it results from data presented in Table 5, required electrode potential can be

obtained at current intensity in range 0,3 • 0.6 A. However, the higher intensity of

current the higher oscillation of electrode potential. COD values of electrolyzed

wastewaters decreases like in previous experiments to about 35 gO2/dm . Time of

suspension sedimentation formed after electrolysis is about two times lower than time

of natural sedimentation. Analogeous measurements were carried out with wastewa-

ters after mercerization without concentration. In the case of lyes with NaOH concen-

tration of 8 g/dm3 and COD of 6 gO2/dm3 at current intensity of 0.06 A, COD value

decreases to about 2 gO2/dmJ i.e. three times. It is necessary to mention that no

sediment was formed as a result of natural sedimentation. Other sample of lye after

mercerization and with COD value of 13 gO2/dm3 and with NaOH concentration of

16 g/dm was electro-oxidized. After electrolysis, there was formed sediment and

COD value decreased to 1.2 gO2/dm3. Natural sedimentation caused the decrease of

COD only to 7 gO2/dm . From carried out experiments, it results that in the case of

electro-oxidation of lyes after mercerization, COD decrease is 2 to 3 times higher than

in comparison with that caused by natural sedimentation. Such effects can be obtained

at current intensity in range 0.25 to 0.5 A/dm3.



CONCLUSIONS

Reaction of electrochemical oxidation of organic compounds contained in lyes after

mrcerization should be carried out at controlled potential of electrode. Potential of

oxide anode (100% RuO2) can be changed in range 500 - 700 m V vs. SCE. Such values

of potential are reached at current density of 0.2 to 0.7 A/dm" in lyes after merceriza-

tion and at 0.6 to 1.2 A/dm" in concentrated lyes.

Proportion of electrolyte volume to anode area should be 10:1. In the case of using

electrodes with smaller areas, there is observed intensive foaming and considerable

amount of suspension is formed on the surface of solution. This fact is noticed only

during electrolysis of concentrated lyes.

As a result of anodic oxidation of organic compounds contained in lyes, there is an

twofold increase in formation rate of suspension in comparison with that caused by

natural sedimentation. Process of oxidation causes increase of amounts oforganic

substances separated from solution in comparison with natural sedimentation. In the

case of concentrated lyes, that increase is about 50% higher and in the case of

nonconcentrated lyes • is about 2 to 3 times higher. Reaction time for both lyes should

be about 20 minutes.

Electric energy consumption in this process is relatively low i.e.! * 10 kWh/g COD.

If the average value of COD in concentrated lyes is regarded to be 60 gO2/dm3 then

electric energy consumption is 2*10*3 kWh/dm3 of lyes.

In the case of lyes concentration in evaporator, process of electrolysis can be carried

out before and after their concentration. Effects of decrease in contents of organic

compounds in both cases are comparable after taking under consideration of concen-

tration step.
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Table 1. Influence of Electrode Area on Decrease of COD Value in Wastuwaters after

Electrolysis and Sedimentation

Electrode area
S fcnrl

160

:o

Current intensity
IfAl

0.13

0.56

0.30

Electric charge
Q [Asl

280

1024

500

COD value
fi?Oi/dm3l

66

45

54

Temperature - 70uC, potential E=600 mV, concentration of NaOH-332 g/dm3, COD

of raw wastewaters • 124 gO2/dm3, COD of wastewaters after natural sedimentation

• 81 gO2/dm3.



Table 2. The Influence of Content of Oxide Layers on Decrease ol'COD in Concen-

trated Lves after Mercerization

Content of electro-
de surface

100<To RuO;

70s* RuO: + 30%

TiO:

40% RuOz + 60%
T1O2

Current intensity
If A)

0.63 - 0.73

0.34 - 0.57

0.32 - 0.54

Electric charge
Q |As]

1250

860

800

COD value
f.uO2/dm3]

25.0

61.0

70.0

Reaction time - 20 min., temperature • 70°C, COD of raw wastewaters -124 gOz/dm3,

COD of wastewaters after natural sedimentation - 81 gO2/dm3, electrode area - 20

cm", electrode potential - 600 mV.



Table 3. Influence of Electrode Potential on Decrease of COD Value

Electrode potential
E [mVl

400

500

600

700

SOO

Current intensity
UA1

0.05

0.18

0.14

0.75

1.40

Electric charge
QIAs]

61

284

682

1193

2640

COD value
[yOi/dm3l

34

38

34

4,

45

Electrode area - 20 cm2 covered with 100% RuC»2, temperature - 70°C, concentration

of NaOH - 312g/dm3, COD of raw wastewaters - 58 gO2/dm3, COD of wastewaters

after natural sedimentation - 50 gO2/dm3.



Table 4. Influence of Initial COD Value on us Decrease a.s a Result of Electro-

oxidation

COD value of raw
wastewaters
[gOi/dnr1]

30

30

58

76

124

NaOH concentra-
tion of raw wastewa-
ters, [g/dm3]

137

340

312

260

322

COD value of wa-
stewaters after na-
tural sedimentation
[gOz/dm3]

30

30

50

58

81

COD value of wa-
stewaters after elec-
trolysis and sedi-
mentation,
[.iiO2/dm3l

25

26

41

40

25



Table 5. Changes of Electrode Potential and COD Value with Different Current

Intensities

Current intensity
I (A)

0.33

0.40

0.50

0.60

Current voltage
U[V]

3.0

3.1

3.3

3.5

Electrode potential
E[V]

0.5 - 0.7

0.5-0.7

0.6

0.8-1.2

COD value of wa-
stewaters after elec-
trolysis and sedi-
mentation
feOz/dm3!

34

38

32

36

Electrode area - 20cm",concentration of NaOH - 3Q4g/dm , COD of raw wastewaters

- 60 gO2/dm , COD of wastewaters after natural sedimentation - 52 gOj/dm .

10
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Fig. 1 The dependence of the current on potential in the oxidation of compounds

contained in post-mercerizing lyes on oxide electrode, curve 1 - in the

investigated solution, curve 2 - in the solution of NaOH.
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Fig. 2 The dependenceof the change in COD value of wastewaters on the time of

electro-oxidation; curve 1 - COD of wastewaters after electrolysis, curve 2 -

COD of wastewaters after electrolysis and sedimentation.



ANION EXCHANGE REMOVAL OF CADMIUM - EDTA COMPLEXES
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This paper discusses the possibility of removal of chelated

anionic complexes from water. Various commercially available resins and

their sorption affinity for the cadmium - EDTA complexes were examed.

The effects of pH and competing cations and anions were also studied.

INTRODUCTION

Civilization of the late XX century seems to be the

civilization of plastics and their degradation and utilization is the

most recent environmental problem, but no one could deny that human

progress starting from the bronze age has been strictly connected with

metal processing. The growing consumption of heavy metals results not

only in civilization development but also in 1000 times higher

concentration of heavy metals in now-a-days man bones compare with

bones of man from bronze age [1]. Accumulation of heavy metals in the

environment and human body makes the efforts for developing efficient

methods of metals removal from waters and wastewaters still actual and

important.

Because of ionic character of metal species in water

solutions, ion exchange has been In the center of research attention as



basic rule far metal removal processes. In natural water systems as

well as In human created wastes are moro and more organic substances

able of acting as Ugands for cation species, so the possibility of

heavy metals existing in the simple cat ionic forms seems to be minimal.

Among the organics capable of completing metals are natural substances

like humlc and fulvic acids as well as man made chela*.ing agents like

commonly used replacements of tripolyphosphate \n household detergents

- NTA and EDTA.

Because, unlike the NTA, EDTA is consider to be resistant to

biodegradation 12], growing concentration of EDTA in water streams

leads to increased levels of traces metals in effluents from

traditional treatment plants and may cause unexpected problems for

humans.

EDTA IN THE ENVIRONMENT

EDTA presence In the environment is a result of its Industrial

and commercial applications. Domestic sewages seems to be potentially

big source of EDTA, as detergents and food stabilizations are the most

common application of chelatlng agent. Uncontrolled level of EDTA from

herbicides and germicides is a separated problem. Main sources of EDTA

are gathered on Figure I.

Although Gardiner first put attention on the EDTA problem in

the natural waters [3] in 1975, there are no systematic monitoring of

EDTA level in environment so far. However, according to Gardiner

calculations of EDTA consumption, we can estimate the amount of EDTA in

environment as ranging from 90 to 220 i*g/l. , what means level similar

to the level of heavy metals in the polluted environment.

The obvious result of so wide usage of chelating agents is

heavy metals existence in complexed forms, rather than in simple ionic

forms. Specially that chelates form strong complexes with almost all of

the metal species. Complexed forms of metals cause the problem not only

for water supplies users but for heavy metals removal operations.

Depends on the solubility product value and complex formation constant,

the precipitations processes might be hidden, biological removal might

not be efficient enough and some processes based on the cation exchange

might not be possible.



metal separation

leather
tanning

herbicides

germicides

detergents

soaps & cosmetics

stabilization

food
stabilization

— EDTA

industrial

wastes

water streams

domestic

sewage

Fig.1. Sources of EDTA In the environment.

Based on presentation of possible options of cadmium removal

gathers in Table I, seeking for treatment of complex species by anion

exchange seems to be logical.

Natural tendency of some species to complex formation has been

known and studied for years and some abilities has been used in ion

exchange processes, mainly for masking purposes. Only a few methods

based on removal of simple Inorganic complexes, like chloride (4) or

cyanide [51 have been introduced. Now-a-days rather chelating resins

16] than the ion exchange of complex species are considered.

Proposition signaled in our first publication [7] is to take

advantage of complex formation of heavy metals in the environment and

consider simultaneous removal of heavy metal like cadmium and chelating

agent EDTA in one anion exchange process.



TABLE I ; Cadmium removal possibiiities.

• sediment at icn _^__ depend on solubility product value
dlTflcult for comploxed species

a membranes > high cost, foulation and deterioration
of membranes

• cation exchange > for cation forms only,
complexed metals are neutral or anionic

• cheiat ing resins • for cations and complexes weaker than

complexes formed with resin surface

• anion exchange ——-

EQUILIBRIA CONSIDERATION

EDTA readily forms strong complexes with almost all metals In

1:1 molar ratio, according to following equations:

M2* • L*~ ~ ML2" . K = , (1)
IM'*] (H*l

[MHL~]
ML • H «-• MHL . K = , (2)

MHL [ML2"! [H*J

The stability constants of considered metal complexes are presented in

Table I!.

Some scientists postulated the formation of complexes with two

cadmium atoms, like Jawald [8], whose proposition of complex formation

in equilibria might be express by equations 3-7:

Cd • L •-» CdL (3)

Cd • H • L ~ CdHL (4)

Cd • 2H • L •» CdlH- f5)



(B)

C4 L (7)

Jawaid claims the existence of such species and tried to prove

it experimentally. According to Gardiner [9] estimation of EDTA level

in waters the possibility of binuclear complexes existence is doubtful,

and cadmium eoncontration is not high enough to form binuclear

complexes.

TABLE II : Stability constants of selected metal-EDTA complexes

Cation Equilibria Log K, 20 C. 1=0,1

Mg

Ca

Cd

[ML]/ [M] [L]

[MHLJ/ (ML] |H]

[ML]/ [M] [L]

[MHL]/ [ML] [H]

[ML]/ [Ml [L]

[MHL]/ [ML] [H]

8.79

3.85

10.69

3.18

16.46

2.90

S.Kortly, L.Sucha, Handbook of Chemical Equilibria in
Analytical Chemistry, Harwood Ltd., Chichester, England 198S.

In present paper we consider the system limited to the most

common complex species of well known stability constants - complexes of

metal to ligand molar ratio 1:1. Distribution of complexed species was

calculated using SPE program written by Martell and Mortekaitis for PC

IBM [101. The SPE program requires list of relevant species, their

concentrations and stability constants of complexes for the input file

which it uses to calculate and draw a distribution of complexes as

function of pH.

Figures 2-4 present the SPE calculations for systems

containing EDTA and magnesium, EDTA and calcium and EDTA and cadmium,

respectively.

All metals forms stable complexes with EDTA llgands. The

higher stability constant value the lover pH for what total metal



Fig.2. Species distribution diagram for 0.001 M Mg and 0.001 M EDTA
at 0.1 ionic strength and 20 C, calculated by SPE program.

Fig.3. Species distribution diagram for 0.001 H Ca** and 0.001 H EDTA
at 0.1 Ionic strength and 20 C, calculated by SPE program.



amount is campiexod In divalent (negative) complex form. In real

systems the mixture of metal ions exists and the amount of calcium Is

much higher than that of EDTA.

Cadmium forms more stable complexes and at lower pH than

magnesium or calcium. Figures 5 and 6 illustrate the competition

between cadmium and calcium. Magnesium is usually present at low

concentration, so its interference might be neglected.

Figure S presents the situation, where the amount of

ethylenediaminetetraacetic acid is equal the amount of cadmium, so the

complexation of cadmium occurs , but there is no enough EDTA to complex

calcium.

Fig.4. Species distribution diagram for 0.001 M Cd2* and 0.001 M EDTA
at 0.1 Ionic strength and 20 C, calculated by SPE program.



Species distribution diagram for 0.001 M Cda* , 0,001 M Ca"**
and 0,001 M EDTA equilibria at 0. 1 Ionic strength and 20 C,
calculated by SPE program.

Fig.6. Species distribution diagram for 0.001 M Cd , 0.001 M Ca
and 0.001 H EDTA equilibria at 0.1 Ionic strength and 20°C.
calculated by SPE program.



In the mixture shown on Figure; 6 the EDTA amount Is twice as

much as the amount of cadmium and above the pH 4 all cadmium Is present,

as divalent anion ML'1" . Above pH 5 all EDTA not bounded with cadmium

is completed with calcium Because there is not enough EDTA to complex

all calcium, free Ca2* ions are also present. From this figure is

evident that Ca-EDTA complexes should be taken into consideration as

possible competing during cadmium complexes sorption.

EXPERIMENTAL DETAILS

Resins:

In first paper [7] we examed a number of Amberlite resins from

Rohm & Haas Co. for lead complexes selectivity. The same selection was

used in cadmium studies. Their properties are gathered in Table III.

Although there are known some preferences of IRA-68, for big organic

molecules, wide selection of resin properties (matrix, porosity and

functionality) was chosen for basic studies.

TABLE III : Properties of studied Rohm & Haas resins.

Resin

IRA-400

IRA-900

IRA-4S8

IRA-958

IRA-94

IRA-68

Matrix

STY-DVB

STY-DVB

Acryl

Acryl

STY-DVB

Acryl

Type

SBA

SBA

SBA

SBA

WBA

WBA

Functionality

IV

IV

IV

IV

III

III

Porosity

mikro

makro

mikro

makro

mikro

mikro

Q(meq/g)

3.8

4.2

4.4

4.1

4.2

5.6

STY-DVB - polystyrene-divinylbenzene matrix,
SBA - strong-acid, WBA - weak-basic,
Q - capacity, meq/g of dry resin

All resins used in the experiments were first screened to

remove bigger and fines particles. The average size used was 500+50 jim.



Then rosins wero conditioned following standard procedure of cyclic

exhaustion with 2N HC1 and regeneration with 2N NaQH. For static

studies they were finally converted into alr-drled Cl form. For column

experiments the procedure was the same In spite of air-drying. Column

packing was under wet conditions.

Solutions ;

Complex solutions were prepared from analytically pure salts

of metals and EDTA in acid form in 100"/. of molar excess (according to

metal amount). Background concentrations of chloride or sulfate were

established using sodium salts for static experiments and mixture of

sodium and calcium salts for column experiments. Required pH was

adjusted by adding concentrated HC1 or NaOH.

Static experiments ;

Metal complex-chloride and metal complex-sulfate Isotherms (23

• 2 C) were determined for different resins at acidic and normal pH.

Isotherm data were generated by a bath equilibration technique where a

weighed amount of resin (air-dried) was gently agitated for 1-6 hours

with a fixed volume of solution containing metal and EDTA of known

initial composition. After agitation, solution composition was

determinate to calculate cadmium complex uptake. Equilibrium for strong

acid resins was achieved in less than 1 hour.

Column runs :

Column runs were carried at room temperature (23 + 2°C) using

plexiglas columns and peristaltic pumps. Average bed volume was 3 ml

and constant flow rate 1 ml/min.

Analytical methods .-

All metals were analyzed using Inductively Plasma Spectrometer

Perkin Elmer ICP 5500. Anion concentrations were establish using Waters

Action Analyzer and Waters method A-103.

10



RESULTS AND DISCUSS!OK

A number of static and column experiments was led for study pH

and competing cations and anions effects as well as resin structure

effects on sorption of cadmium complexes. In static experiments resins

from Table III in chloride or sulfate forms were examed at acidic and

neutral pH. Sorptlon of cadmium as well as calcium and magnesium

complexes were studied. For all isotherm data selectivity ratios A

defined by equation 8 were calculated:

(8)

where:
x = equilibrium equivalent fraction of metal complex in liquid

phase = C / C
r « total

y = equilibrium equivalent fraction of metal complex in resin
phase = C/ Q ,

Q = resin capacity (eq/kg of dry resin)

Table IV summarizes the average equilibrium ratios ( at C
c

Mg Cd /L) for considered resins.

TABLE IV : Selectivity ratios A , C = S mg/L.
CctL/Cl G

Resin

IRA-400

IRA-900

IRA-458

IRA-958

IRA-94

IRA-68

Matrix

STY-DVB

STY-DVB

Akryl

Akryl

STY-DVB

Akryl

Type

SBA -

SBA -

SBA -

SBA -

WBA

WBA

I

I

I

I

Porosity

mlkro

makro

mikro

makro

mikro

mlkro

CdL/Cl

3.30

4.55

5.80

6.17

5.00

9.88

STY-DVB - polystyrene Mtrtx,

SBA - stronq-basic anion exchanger,

WBA - weak-basic an)an exchanger,

0 - advertised manufacturer's capacity, aeq/g of dry resin,

1 = y/x, where x - equilibrium equivalent fraction of

Cd-EDTA complex In liquid phase,

y - equilibrium equivalent fraction of

Cd-CDTA complex resin phase.

11
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All static experiment chosen to compare were provided at pi!

6.5 and in chloride Ion concentration equals 500 mg/L.

Figures 7-10 express comparison of some equilibria Isotherms

for different pH, polystyrene and acrylic and strong-base and weak-base

res i ns.

Figures 11-14 provides effluent histories of column runs for

Amberllte IRA-68, weak-base acrylic, microporous resin, which

selectivity on cadmium sorption seems to be high. Runs are identical

except of competing ions concentration. Column I was exhausted by

cadmium divalent complex in background of chloride ions as mixture of

sodium and calcium salts (Figure 11). Column II was exhausted by the

same concentration of cadmium complex, in the background solution of

the same ionic strength and same cations but as a mixture of chloride

and sulfate salts (Figure 13). Both colmnns were regenerated by 1 M

solution of sodium chloride.

Based on Figures 7-14 and results from Table IV main

parameters influence on sorption equilibria may be discussed. Matrix

and porosity of resin as well as pH and composition of solution

(competing ions) seem to effect the sorption efficiency and equilibria.

pH effect

PH influences the sorption of Cd-EDTA complexes as It

influences complex formation equilibria.

According to complex formation diagrams (Figures 2-6). for the

pH in 5-9 range, what is typical for most water streams, divalent

complexes Cd(edta) formation occurs arid selectivity for cadmium is

high. At lover pH, as presented on Figure 7, the removal process has

very low efficiency. At pH below 3.5, cadmium is present in the form of

monovalent complexes or even cations, what may Indicates the sorption

process based on dlvalent/monovalent equilibria.

resin structure effect

Resin matrix and functionality strongly influence the

preference for EDTA complexes. We can noticed preference of acrylic

over polystyrene resins (Figure 8) and weak-base over strong-base anion

exchangers for macroporous as well as microporous resins (Figure 9 and

10 respectively). This Is not unexpected as similar effects are

14
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uvvnjv! i fs>; iMMoiw effect

Alkaline earth cations- calcium and magnesium, commonly

present in waters, does not Interfere with cadmium complex sorption.

They easily forms divalent complexes with EDTA. but in the pressonco o:'

such heavy metals like cadmium, formation of Mg and Ca complexes occurs

only in the excess amounts of EDTA. In natural water systems the

presence of such excess of EDTA can not be expected very seldom, but

even then, we found very little if any removal of calcium and magnesium

at concentrations typical for natural waters either in the presence of

Cd-EDTA complexes or without cadmium complexes.

That statement might be confirm not only by static experiment

results (isotherms) but also from column exhaustion (see Figure 11,

what presents exhaustion of IRA-68 by solution contains cadmium,

calcium and excess of EDTA).

competing anions effect

Monovalent anions does not Interfere with cadmium complexes

removal, but divalent anions, like sulfate cause significant problem.

Specially, that sulfate is present practical in all types of water and

wastes, rather at higher concentrations than that of heavy metals. At

such typical sulfate level like In exhaustion of column II, presented

on Figure 13 sulfate ions show very high affinity to the resin surface

groups and sulfates are sorbed first.

Problem of divalent Ions effect needs further studies. As

preliminary results for strong acid resins prove, some anion exchangers

of not so good cadmium complex over monovalent anions selectivity might

show better selectivity over divalent anions.

CONCLUSIONS

a In natural environment cadmium forms very stable complexes with EDTA

a Sorption of these complexes on the anion exchangers is effective at

normal pH and provides advantage of simultaneous removal of

hazardous cations and dangerous organic ligands.

o The best resin (among tested) appears Amberllte IRA-68. weak basic

with acrylic matrix and tertiary amine groups, advertised by

17



mnnufaeturor as offoetivo for adsorption of Jargf? mojoculos,

a Alkaline oart h metals does not intorforo with romaval.

D Regeneration of exhausted matt?rial appears considerably easy.
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INTRODUCTION

Over the past decade, as a result of heightened public awareness
regarding environmental concerns, the United States has
proliferated numerous federal and state environmental statutes
along with regulations implementing them. These enactments
attempt to address all areas of environmental concern. In many
cases the laws within one area will overlap into another and,
therefore, cannot be viewed as separate entities.

Environmental liability is "strict, joint and several, absolute
and retroactive". Today's liabilities go beyond the "polluter
pays" principle. Under "absolute" liability an industry may be
held liable for the acts of another. Just by virtue of being a
landowner or lessee, certain claims may need to be addressed which
could bankrupt an industry.

It is imperative for an industry involved in manufacturing to
review potential liabilities under all environmental laws. Not
only at the time of acquisition but throughout the life of the
industry, a constant diligent review of past, present and
anticipated future environmental requirements must be maintained.
Any facility which emits air contaminants, discharges water
pollutants, utilizes toxic substances, manage and disposes of
hazardous waste may incur serious environmental liabilities.

It is the duty of those entrusted with the well being of a
corporation to ensure knowledge and compliance with environmental
concerns. Cursory reviews of environmental matters are not
adequate today. A detailed engineering and legal analysis is the
minimum duty of care acceptable. For the large manufacturing
entity, this will require reviewing operations including past,
present, and future activities. It is important to anticipate
future involvement. Certainly the environmental movement both in
the United States and Internationally is far from static. New
regulations appear on a regular basis which place greater
responsibilities upon the industry. The burden to minimize
environmental liability and maintain compliance will only escalate
in the future. It will be the prudent business entity that has
knowledge of its activities and anticipated environmental needs
that will successfully minimize liability.



This paper will evaluate existing United States environmental laws
and the mechanisms both legally and technically businesses can
select to minimise liability.

ENVIRONMENTAL LIABILITY

Environmental "Due Diligence" today is considered mandatory
because of the numerous types of liability which may be present
after a Real Estate Transaction. In the past, disclosure and
search for environmental problems was a rarity. Today, the buyer
of industrial property must be fully cognizant of the
environmental liabilities he will assume once he purchases the
property. Careful consideration of past activities must be
addressed which includes the past disposal of industrial waste.

Within the United States alone, the EPA has identified well over
27,000 (Twenty-seven thousand) sites as requiring some form of
remediation or "clean-up". The general accounting office in
Washington D.C. (GAO) has statistics which it believes indicate
that over 425,000 (four-hundred twenty-five thousand) additional
sites could be added to those currently identified. If we take
into account the liability for investigation and remediation for
those existing sites on the EPA National Priorities List (NPL) as
being between 21 and 30 million dollars per site, then we
recognise that we have a major financial commitment. What is most
important for those involved with manufacturing or real estate
transactions is the realization that cost to remediate may many
times exceed the actual market value of the property.

Besides the concern with the remediation of past problems,
industries must be concerned with the statutes that deal with
preventive intent. Numerous environmental statutes within the
United States have been promulgated which are not only directed
towards past clean-up of problems but also at minimizing and
ensuring that such problems will not occur in the future. Many
times these "pro-active" requirements require as much effort in
terms of compliance as does. Consequently, it is not only the
past with which we must be concerned with but rather those
environmental requirements which will be enacted and that industry
will be required to meet in order to continue operating.

Environmental liability for a major corporation can be present in
many forms. Amongst the most common are:

Remediation cost for property, these are present under:

i. The Federal Superfund Program, CERCLA
ii. Specific state clean-ups

In these situations should a site not merit federal involvement
or federal oversight it is very possible that it will come under
the state clean-up or remediation program. The cost for such
remediation in many cases can be as expensive and involved as
that for the federal program.



CITISENS SUITS

Many provisions within the environmental statutes allow for the
public standing to bring action against those manufacturing
entities which they feel are or were not in environmental
compliance. For instance, under the United States Clean Water
Act there is a provision which allows for a citizens suit if
full discharge compliance not met. This provision is used by
citizens groups when they feel that the government or state
government has not adequately enforced statute.

GOVERNMENT SUITS

The government in many situations performs investigations and
if violations are found, they bring strict liability
proceedings against the property owner. The outcome can result
in very stringent consent orders as well as adverse publicity
which may be damaging to environmentally conscious companies.

PENALTIES

Environmental penalties within the United States are
significant. It is not uncommon for penalties to be well into
the hundreds of thousand dollar range. Negotiations with the
government agencies and respondent who shows that the fine
should be mitigated can result in a diminution.

CRIMINAL LIABILITY

Should there be gross or willful misconduct, then criminal
liabilities can be imposed for many environmental statutes.
This is of great concern to the CEO's (Chief Executive Officer)
and Officers of Corporations who ultimately may bear the
responsibility associated with environmental liability. Now
rather than just being placed under civil penalties, the reality
of receiving criminal sanctions including jail terms is
significant detriment to non-compliance. Consequently, those
businesses or corporations which are doing business must insure
that their officers are aware of their environmental programs
and compliance issues.

ENACTMENT OF REGULATIONS WHICH DENY FURTHER BUSINESS DEVELOPMENT
OR IMPEDE MANUFACTURING OPERATIONS

This final area of liability can be quite significant. In many
situations the corporation or business may build a new facility
or prepare to go into the production of new products without
properly looking into the environmental requirements of such
activities. For instance, should a corporation decide to
manufacture products which would ultimately result in the
discharge of heavy metals to either the publicly owned treatment
works (POTW) or under a Federal NPDES direct discharge permit



(National Pollutant Discharge Elimination System), then in some
situations it might be realized that the costs for pollution
abatement may result in making the production non-profitable.

ENVIRONMENTAL AUDIT

The individual who is dealing with environmental liabilities and
in particular the transfer of property, should be aware of two
major sources of information which should be incorporated into a
sound environmental audit. These include:

1. Technical Review

2. Legal Involvement

Both of these areas of expertise when coupled together will allow
for an industry to review its operations and to make decisions on
future plans which will merit environmental consideration. There
should be both legal and technical expertise developed within any
environmental audit. It is imperative that individuals involved
with such environmental programs be fully appraised of the key
United States Federal Environmental Laws. In particular, those
applicable to industrial audits.

KEY FEDERAL ENVIRONMENTAL STATUTES

The Clean Water Act CWA 33 USC 1251, has its major goal in
restoring and maintaining the chemical, physical and biological
integrity of surface waters within the United States. For most
industries under the Clean Water Act, compliance is accomplished
either through pre-treatment or through direct discharge. Direct
discharge in the United States for most pollutants is accomplished
through the National Pollutant Discharge Elimination System
(NPDES). These direct discharges of effluent are required to meet
the technology based on Best Available Technology (BAT) and most
recently under the Clean Water Act, Water Quality Criteria. Boch
BAT and Water Quality Criteria can be quite stringent and may
require the implementation of both waste minimization, source
reduction techniques as well as end of the pipe type treatment.
Of considerable importance within this framework is the knowledge
of what future manufacturing operations may be and their impact
upon discharges. In the future specific operations within an
industry may produce certain types of pollutants that will be
required to meet very stringent water quality criteria. It is the
prudent auditor who will review in light of future expectations
what the environmental requirements under the Clean Water Act will
be. For instance, should a manufacturing operations determine
that plating will now become a necessity or that it will be using
unfamiliar types of metals within their manufacturing operations
it may warrant new technological changes within their existing
treatment system either through direct or pre-treatment
discharges. In many situations new capital equipment will be
required along with the associated operating costs.



Under the Glean Air Act (CM) 42 USC 7901 et. seq. and the
recently passed Clean Air Act Amendments of 1990, the major goal
is to prevent and control discharges into the air of substances
which my harm public health or natural resources. The Clean Air
Act Amendments will over the next 10 years greatly impact the way
air pollution control is practiced in the United States. Many of
the CAAA regulations are to be implemented at the state level in
State Implementation Plans (SIPs). Consequently, state
involvement is much more active within the Clean Air Act.

Needless to say, industries will need to review their present
manufacturing operations and those operations which are planned
for the future in light of the new and more stringent Clean Air
Act Amendments.

Presently, many state SIPs require that the owner of a facility
get a full approval by the state environmental regulatory agency
prior to commencement of construction at the facility that impacts
air quality.

The Commonwealth of Massachusetts had this type of requirement
until June, 1990 when the permit regulations were revised to grant
some leniency to projects discharging less than a threshold
quantity. However, many large projects are unnecessarily delayed
while awaiting approval. The proposed operating permits
associated with the Clean Air Act Amendments need sufficient
flexibility to allow modifications within the facility so that
United States industry can maintain its competitiveness on the
international market (where time is of the essence).

Of great concern to many industries is the Comprehensive
Environmental Response Compensation and Liability Act/Superfund
Law (CERCLA) and associated amendments (SARA) 42 USC 9601.
This Superfund law provides for a system to identify and remediate
chemical and hazardous substances which have been released into
of the environment.

Within CERCLA, the Federal Government has established a fund and
developed a program to identify potentially responsible parties
(PRP's). In addition, specific sites are ranked on a National
Priorities List (NPL). Based upon the information supplied a
potentially hazardous waste site score high enough to place on the
NPL. Once a site is on the NPL, certain specific requirements are
implemented. One must perform a Remedial Investigation/
Feasibility Study (RIFS). This is the diagnostic aspects of site
conditions in addition to reviewing the available technologies for
remediation. From here a record of decision (ROD) is entered,
and eventually final remediation being implemented.
Additionally, within CERCLA there is a reporting requirement for
specific listed chemicals that are released into the environment.
These are known as (RQ) values. In general, very small releases
are all that is necessary in order to initiate action under the
Superfund requirements. The Superfund Laws h /e taxing authority



which are implemented on the chemical industry and producers of
Hazardous Waste. Finally, many states have created "super-lien"
statutes with the same strict liability and joint and several
liability as CERCLA.

Of major concern within Superfund regulations is that one is
strictly liable and strictly responsible for the waste and the
deleterious consequences that may have been caused to the
environment. The government can hold individual parties
responsible for the entire cost of clean-up under joint and
several liability. In part the government generally will
determine those potentially responsible parties and ask that a
specific negotiating or executive team be developed which will
represent the interest of the entire "PRP" group. However, it
should not be forgotten that the government should litigation
occur, can select those deep pockets to bring action against.
These individuals could be held responsible for the entire cost of
remediation. Should EPA perform the required remediation on site,
or their contractor, it is generally felt that the cost will be
considerably greater than if the "PRP" group themselves were to
perform the same remedy. Overall, it should be understood that the
government has an extremely powerful tool under CERCLA to compel
cooperation from PRP's. PRP's tend to segregate themselves into
either major contributors or into a "De-Minimis" group. The
"De-Minimis" party generally can "caah out" and not be directly
involved with the remediation, where as the major contributors are
not afforded such luxury. Certainly within Superfund law "the
more the merrier" is a true statement.

The Resource Conservation and Recovery Act (RCRA) 42 USC 6910, was
legislation enacted by Congress in 1976 to deal with both
recycling and disposal of the by-products of industry. It focuses
heavily on the proper management of hazardous waste. Within these
regulations waste are classified as both listed and
characteristic. The listed type waste are the generic names of
numerous chemicals which have been added on to the list. In
addition there is the characteristic parameters. These
characteristic parameters are based on ignitability,
corrositivity, reactivity and toxicity. As mentioned before in
addition to promulgating the general characteristics of hazardous
waste the EPA has also specifically listed certain solid wastes as
hazardous waste.

Recycling of certain materials is also included within "RCRA" and
is embodied within "RCRA" recycling regulations. The regulations
within RCRA set up specific requirements for generators,
transporters, and treatment facilities concerned with hazardous
waste. In part the regulations conclude that the generator of
hazardous waste is liable from (cradle to grave) and ultimately
the generator will always be responsible for his waste. We are
finding that there are strong international implications with new
amendments that are being established within "RCRA".



In addition, there are many other applicable environmental
statutes however, I will simply give a quick overview of these.
First there's the Toxic Substance Control Act (TSCA) 15 USC 2601 -
2629. TSCA regulates the manufacturing process and distribution
in commerce of chemical substances in mixtures capable of causing
an adverse impact in the environment or to the public health. In
the past it is really been used for the control of poly-
chlorinated biphenals (PCB's) and also to ensure that the
knowledge of risk associated with specific chemical usage must be
reported to the EPA Administrator. There is the Safe Drinking
Water Act (SDWA), 42 USC 300 Et. Seq., this has been developed
to protect public drinking water systems and places the
responsibility upon the states. There are many state wetland acts
which regulate the dredging, removing or otherwise altering of
wetlands.

ENVIRONMENTAL AUDITING

Texas Instruments has found that auditing is best accomplished
through the team approach, both technical personnel and an
environroental attorney work together to comprise a team.
When facilities are being reviewed, it is accomplished by
individuals not associated with the specific location or TI site.
And generally it is done in a non-adversarial manner. The belief
is that the audit is used to better the environmental program and
to ensure that environmental compliance is being carried out
within the corporation. It certainly should never be used as an
"I got ya" mechanism. When this occurs many of the fine points
associated with environmental auditing are lost.

The use of an attorney in environmental auditing is beneficial for
(1) Risk Allocation (2) Pre-purchase agreements (3) Attorney-
Client privilege.

It is important that engineers have full knowledge of the laws as
they pursue and go forward with the environmental audit. Finally
there are certain disclosure obligations which the attorney may be
more familiar with and be better able to counsel the corporation.
Environmental audits at corporations such as Texas Instruments are
generally carried out on an annual basis and are comprised of a
non-resident audit team. These audit teams provide the following
activities:

1) A general walk through of the facility

2) Record Reviews

3) Interviews of the entire facility

AUDIT FORMAT

The audit program is really broken into the following which will
briefly be described below. There are areas that may not be
listed below of which deserve attention in the audit:



Records Review

IE: Applicability of applicable laws and regulations
Permits
Log Books for incidents
Administrative Orders
Action Plans
Notice of Violations (NOV's)
Monitoring Reports - NPDES + Pretreatment
Hazardous Waste Manifests
Training Records
Government correspondence

Pollution Prevention

Types of Waste Minimization Programs

Pollution Prevention Programs IE: TCE, CFC Elimination

Air

Evidence of Air emissions, manufacturing at full
capacity

P.M. Programs, types of pollution abatement equipment

SARA Title III

Records of "Extremely Hazardous Substances" (EHS) in
excess of "Threshold Planning Quantity" (TPQ)

Proper inventories of hazardous chemicals

Emergency Coordinator identified

Annual Toxic Chemical Release Report

TSCA

Does the location have a method for reporting any
potential new chemical manufactured?

CFC's

Reduction plans in place?

What alternatives are being tested

Military specs

Proper training regarding consumption

Groundwater Contamination



Double containment - pipes and tanks

Buried tanks - LUST

PCB Documentation

Transformers & Capacitors in service - Out of Service

Records

Disposal

Disposal Practices (CERCLA + State Laws)

Historical + present disposal practices

Locations where hazardous waste disposed; listed on the
NPL or subject to government action

NPDES Permit Compliance/Pretreatment Discharge

Permit issuance date/expiration date

Compliance - (DMR's) Discharge Monitoring Reports

Citizen Suits
BAT - Best Available Technology

Pretreatment Compliance + NPDES Permit - future
expectations

Future effluent requirements IE; flow, concentrations,
nature

Analysis - laboratory certified

Hazardous Waste Management (RCRA)

Manifests

Time Requirements (<90 Days)

Disposal Locations/Audits

Recycling Programs

Environmental Awareness

Environmental "Sign-Off" on all capital projects

Awareness throughout the corporation from line employees to
upper management



AUDIT CQNFIDENTIALITY

Environmental Audits can be powerful tools for gaining knowledge
regarding liability, but they can also generate very sensitive
information. This information may create liabilities for the
corporation which is conducting the audit. Potentially it may
force the corporation to enforcement action by government agencies
or public interest groups in addition to other types of
liabilities which may result through forced disclosure.
Consequently the attorney-client privilege may be applied in
certain situations.

The Attorney-Client privilege applies to communication between an
attorney (in-house or retained) and a client which may be any
corporate employee. The disclosure of the audit can be protected
if the audit is set up and operated under the direction of the
attorney as a basis for providing legal advice on compliance
status and potential liabilities. However, the attorney must be
significantly involved in the audit. It should be recognized that
the law does not recognize a privilege for communications between
a client and an environmental consultant. Consequently, one
should be cautious with the use of experts and it should be done
under the full Auspices of an attorney if such information is to
be protected.

An attorney may appoint e >perts in order to render services and
the communications of th<» expert are covered by the attorney-
client privilege. But only to the extent that it is provided to
the attorney. What is vital to the privilege is that
communications be made in confidence for the purposes of obtaining
legal advice from the lawyer.

It is interesting to note that recently the possibility exists
that in-house counsel may be viewed as management, and
consequently therefore negate the privilege. If the attorney is
closely involved with the management of the corporation, then it
is likely that the privilege may be challenged.

AUDIT

Attached is an audit used frequently within Texas Instruments for
the purposes of providing information on environmental status. As
can be noted, this is to broken into different categories and
provides a checklist which allows for further evaluation and
further discussions within the Program. At the close of the
audit, a meeting is held with upper management to review the
findings, and finally a formal report is issued generally a month
later, which describes in detail the full findings of the audit
team.



Importantly, the use of the environmental audit can be utilized
not only for the purposes of protecting and insuring that the
corporation is running properly but also to review future
operations. Questions should be asked as to future expectations
of the corporation, especially in terms of manufacturing
operations. The audit team should address the need for future
types of pollution control equipment and different types of waste
minimisation activities which may be applied to new product
manufacturing. Rather than just using the audit as a vehicle for
determining present status, it may be used for reviewing future
environmental expectations within the corporation.



SECTION PART I ENVIRONMENTAL PAGE

*1.0 RECORD REVIEW FOR GENERAL, MANIFESTS, 1.02
POLLUTION PREVENTION, SARA TITLE III,
TSCA, ODS'S, GROUNDWATER & PESTICIDES

2.0 SPILL PREVENTION, CONTROL AND COUNTER- 1.11
MEASURES (aPCC) AND CONTINGENCY PLAN

3.0 PCB DOCUMENTATION 1.14

4.0 NPDES PERMIT COMPLIANCE 1.16

5.0 PRETREATMENT COMPLIANCE 1.19

6.0 COLO SOLVENT DEGREASERS 1.21

7.0 OPEN TOP VAPOR DEGREASERS 1.2 3

8.0 C0NVEY0RI2ED DEGREASERS 1.2 5

9.0 DRINKING WATER 1.26

10.0 HAZARDOUS WASTE MANIFEST 1.27

* 11.0 SOLID WASTE NOTIFICATION 1.28

12.0 INSPECTIONS AND RECORDKEEPING 1.29

13.0 PERSONNEL TRAINING 1.31

14.0 WALK THROUGH CHECKLIST 1.32

15.0 * AUDIT REPORT FORMAT 1.3 5

* SECTIONS WITH AN ASTERISK INDICATE RECORD REVIEW ITEMS OR
INFORMATION TO BE COMPLETED AND HAVE AVAILABLE BEFORE THE AUDIT
BEGINS
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PART 1: ENVIRONMENT*:
SECTION 1

RECORDS REVIEW

GENERAL REQUIREMENTS
YES NO N/A

•I. Is there a copy of the local city
ordinance covering wastevater discharges?
(GEP)

*2." Are there copies off the federal and state
regulations covering:
Air Pollution
Water Pollution
Solid Waste Disposal
Hazardous Waste
Toxic Substances
(GEP)

*3. I s the TIOLR program, S i t e Annual Questionnaire,
updated?
(T DA.-APCQUEST.SITE NAME)
(GEP)

*4. I s the TIOLR f i l e , Air Pol lut ion F a c i l i t i e s
Inventory, updated and complete? ____
a. Does the Emissions Inventory include a

l i s t of pol lutants and emission rates? ____
b. Are storage, transfer and waste treatment

faci l i t ies included?
(GEP)

*5. Are copies of permits and exemptions maintained for
air exhaust emissions? "
a. Is the date the exemption was taken

documented?
b. Are changes to emissions (decreases/

eliminations) documented?
(GEP)

*6, Are copies of permits and exemptions maintained for
wastewater discharges?
(GEP)

*7. Does the site keep Proof of Notification to
the National Response Center or Regulatory
Agency for Hazardous Substance releases?
(GEP)

8. Is Agency correspondence of a non-routine nature
approved by Corporate Environmental prior to
being submitted? (GEP)
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«9. Is a log book maintained which describes
environmental incidents occurring on site?
(GEP)

10. Is the site currently under the requirements
of a compliance or an administrative order?
(Informational Request)

11. If yes, are action plans maintained and on
schedule?
(GEP)

12. Has the site received a Notice of Violation
(NOV) for any condition within the past year?
(Informational Request)

13. Have (NOV) corrective actions been implemented
to prevent a reoccurrence?
(GEP)

14. Are (NOV) corrective actions plans on schedule?
(GEP)

15. Are there any deficiencies from previous
reviews which have not been corrected?
(Refer to the latest W3) (GEP)

GENERAL PROGRAMS

*1. Do the site's SPCC and Contingency Plan meet
the minimum guidelines as established in
ECS 01.01? (Use Attachment I)

*2. Are the site's PCB records adequate. (Use
Attachment II)

*3. Are the «it«'s industrial wastewater monitoring
records complete? (Use Attachment IIIA, IIIB)

4. Do the site's degreasers generally comply
with ECS 05.01?
(Use Attachment IV to spot check site degreasers
during walkthrough)

*S. Are equipment inventory records and usage
records kept for all solvent degreasers?
(GEP or required by permit)

1.03

PART 1: ENVIRONMENTAL

YES NO N/A



PART 1: ENVIRONMENTAL

YES NO N/A

6. Do the site's practices meet drinking water
requirements?
(USE ATTACHMENT V)
(40 CFR 141)

HAZARDOUS WASTE MANAGEMENT

1. Is a file of uniform hazardous waste
manifest's maintained? (Use Attachment VI)
(40 CFC 260.20)

*2. Is the State Solid Waste Registration (or
equivalent federal notification) updated?
(Use Attachment VII)

3. If the site is a Small Quantity Generator (SQG)
(An SQG generates 100-1000 kg/month of hazardous
waste), does the site comply with the emergency
response procedures for SQG?
(Emergency information next to telephones)

4. If the site is an SQG, Is there a designated,
trained emergency coordinator?

5. If the site is an SQG, is the maximum
amount of waste accumulated on site less than
6000 kg?

*6. Is there a written inspection schedule for
hazardous materials areas? (Use Attachment VIII)

7. What TSO facilities does the site use?
(GEP)

a. waste Stream Facility

b. Waste Stream Facility

c. Waste Stream Facility

d. Waste Stream Facility

Are all the facilities used on the current
approved TSO facility list? (T DA:HAZWASTE)
(GEP)
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PART i: ENVIRONMENTAL

¥ES NO N/A
9. Has a waste determination been made either

by analysis or knowledge of process? .
(40 CFR 262.11)

*10. Are analytical results and/or operating
records for each waste stream maintained? _ _
(40 CFR 262.11)

11. Have waste determinations been updated
within the last year?
(GEP)

12. Have all required personnel that manage
hazardous waste received RCRA training?
(40 CFR 265.15)

*13. Are training records maintained and available
on site for review? .
(ECS 06.03)
(Use Attachment IX)

14. Have hazardous waste tank systems without
secondary containment been certified by an
independent P.E.? (Austin, Lubbock, Sherman,
sw Houston, Attleboro and Expressway) .

(40 CFR 265.19)

POLLUTION PREVENTION

1. Is there a waste minimization program at the site? „
(40 CFR 262)
a. Who are the council members and what are their titles?

(GEP)

2. List major pollution prevention projects for the previous year?

- _ _

3. What indices or other measures are used to track pollution
prevention progress?
— _
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How often does the council meet? ,
(Informational Use)

Are the following records being maintained per the
Pollution Prevention Act of 1990?
a. The chemicals which are recycled and the

amount recycled?
b. The source reduction techniques used

per chemical?
c. Meaningful production data?
d. Techniques used to identify source

reduction?
e. Amounts of chemical released due to?

catastrophe, remedial action, or one time
event?

f. The amount of chemical being treated?

What source reduction projects art currently
underway?

7. What source reduction projects are under
consideration?

a. Does the site appear to be transitioning
from waste management to source reduction?

8. Does the site have a pollution prevention
policy?

9. What is the pollution prevention goal of the
site?

AIR

1. Does the site records indicate air emissions
are in compliance with their air permits?
(Permit Requirements)

2. a. Is air dispersion modeling current?
b. Is abatement equipment operating at

required efficiency?
c. Are chemical usage records current?

1.06

PART 1: ENVIRONMENT*:

YES NO N/A



3. Is there a pm program to maintain air emission
abatement equipment?
(GEP or Permit Requirement)

*4. is operating log maintained for air abatement
equipment?
(GEP or Permit Requirement)

•5. Does operating log include:
a. Date and reason for maintenance or

repair of control?
b. Duration of equipment downtime?
c. Daily records of exhaust gas

temperature for thermal oxidizers?
d. indicate control efficiency of 90% or

greater?
(GEP)

SARA TITLE III

1. Does the site maintain a record of any
"Extremely Hazardous Substances'1 (EHS)
currently present on site in excess of
EPA's "Threshold Planning Quantity" TPQ?
(40 CFR 300)

2. Has emergency planning notification
been provided to the State Emergency
Response Commission (SERC) with
subsequent update information?
(40 CFR 300)

3. Has the facility emergency coordinator
notification provided to the Local
Emergency Planning Committee (LEPC)
and is the coordinator designated
current?
(40 CFR *300)

4. Does the site have inventories of:
(40 CFR 370)
a. OSRA defined hazardous chemicals

> 10,000 pounds?
b. OSHA defined hazardous chemical

> 500 pounds/55 gallons (Texas only)

PART 1: ENVIRONMENTA!

YES NO N/A
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PART 1: ENVIRONMENTAL

YES NO N/A

c. EHS's > SOO pounds or the TPQ,
whichever is less?

5. If yes to 2 a, b, or c, has the MSDS Chemical
List, categorized by hazard class or other
form required by the state, been submitted to
the SERC, LEPC and Fire Department?
(40 CFR 300)

6. If it has been updated, has it been resubmitted?
(40 CFR 300)

7. Has the annual inventory report been
submitted to the SERC, LEPC, and local fire
department by March 1?
(40 CFR 300)

8. Does the site us* toxic chemicals (Senate
List) in amounts > 10,000 pounds/yr or
manufacture or process in amounts > 25,000
pounds/yr?
(40 CFR 372)

9. If yes, is the annual toxic chemical
release report been submitted by
July 1 of each year?

TSCA (Toxic Substance Control Act)

1. Is there a current site TSCA administrator?
What is their name?

2. Is there a method at the site for recording
or maintaining allegations that chemical
substances (TSCA 8(c)) manufactured or
processed at the sit* may cause significant
adv«rs« reactions to either human health
or the environment?
(40 CFR 717)

3. Does the sit* import or export chemicals
outsid* th* U.S., including to and from
International TI sites?
(40 CFR 707)
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PART 1: ENVXRONMENTA:

'{ZS NO N/A

4. Is the site responsible for any inventory
reporting or PAIR or CAIR (TSCA 8(c)
reporting requirements?
(40 CFR 710 and 40 CFR 712)

5. Does the site have a method for reporting
any potential new chemical manufactured
or alteration of an existing chemical?
(40 CFR 720)

O2CNE DEPLETING SUBSTANCES

1. Does the site have Reduction Plans
in place for each ODS user which provides:
(ECS 02.02)

a) A brief description of each ODS using program:

b. Proposed process changes, substitute
materials to eliminate ODS usage
or an explanation of why continued use is
necessary?
(ECS 02.02)

c. Potential or actual reductions achieved
(ECS 02.02)

d. Implementation/completion date(s)
(ECS 02.02)

2. Has the site issued ODS Restricted Chemical
Permits?
(ECS 02.02)

3 Does the current ODS usage need to meet a
military specification? (milspec)
List processes
(Information only)

4. What alternatives are currently being tested?

(Information only)

Has the site banned the use of aerosol spray
cans containing ODS's?
(ECS 02.02)
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Is OOS use banned in facilities cleaning,
maintenance *nd R&M?

PART 1: ENVIRONMENT*!

YES NO N.'A

?. Has the site minimized losses of refrigerant
CFC's during equipment maintenance and repair?

GROL'NDWATER CONTAMINATION
(GEP)

1. Does the site have groundwater or soil
contamination?

2. If yes, does the site have a program
in place to clean up contamination?

3. Are there documented improvements?

4. Are records maintained for on»sit« disposal
areas that are deed recorded?

5. Are all contaminated areas clearly identified
to prevent exposure or disturbance?

PESTICIDES
(ECS 02.03)

1. Are commercial or site personnel used
to apply pesticides? (circle one)

2. Are the applicators certified?

3. Are any restricted chemicals used?

4. if site personnel are used, are MSDS's
maintained for pesticides used?
(GEP)

* Denotes pre-audit review items

1.10



PART 1: ENVIRONMENTAL
SECTION 2

ATTACHMENT 1
SPILL PREVENTION, CONTROL AND COUNTERMEASURES (SPCC)

AND CONTINGENCY PLAN
(ECS 01.01 AND AS MARKED WITH FEDERAL REGULATION)

YES NO N/A

1. Is the plan less than three years old?
(40 CFR 112)

2. Have there been any changes in facility design,
construction, operation or maintenance which
would affect the site's potential for an
accidental spill or discharge?
(40 CFR 112)

3. Has the plan and any amendments been reviewed and
certified by a registered professional engineer? „„
(40 CFR 112)

4. Does the plan include the following SPCC requirements?:

a. List of facilities where possible
clean-up may be required

b. Predictions of the direction, rate of
flow and total quantity of substances
which could be discharges

c. A discussion of the following:

1. Diversion and/or containment
structures or equipment .
(40 CFR 112.7)

2. Bulk storage tanks: volume; contents;
materials of construction; spill control
volume, materials of construction, and

• coatings; location of cut-off valves
(40 CFR 112.7)

3. Drum storage areas: types of chemicals
stored; location of clean-up materials
and personnel safety equipment

4. Tank truck loading/unloading facilities:
TI personnel procedures; spill control
volume and materials of construction;
and chemicals transferred

d. A topographical map showing plant drainage,
storm drains and spill control
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e. Testing procedures for determining
disposition of collected material
(40 CFR 112.6 for oil)

f. Documentation of storm water sampling
and analysis?

g. Personnel training for persons in charge
of proper implementation of plan and for
persons who operate and maintain spill
control equipment and procedures
(40 CFR 112.7)

h. A description of notification procedures:

1. When a spill or discharge should be
contained, the area evacuated, and
security contacted

2. Current names, phone numbers (office and
home} and pager numbers of Tl'ers
responsible for clean-up

3. List of quantities of major chemical
substances and oils which would require
agency notification purposes

4. Phone numbers and addresses of agencies
for notification

5. Approved contractors and phone numbers

5. Does the Contingency Plan include the following?:

a. A description of actions facility personnel must
take in response to fires, explosions or any
release of hazardous waste to the environment
(40 CFR 265.52)

b. Arrangements agreed to by local police and fire
departments, hospitals, contractors and state
and local emergency response teams
(40 CFR 265.52)

c. A current list of the names, addresses, phone
numbers (office and home) and pager numbers of
all persons qualified to act as emergency
coordinator
(40 CFR 265.52)

PART 1: ENVIRONMENTAL

YES NO N A
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PART 1; ENVIRONMENTAL.

YES NO H/A

d. A list of all emergency equipment including the
location and a description of each item on the
list and a brief outline of its capabilities
(40 CFR 265.52)

e. An evacuation plan including signal used,
evacuation routes, and alternate routes
(40 CFR 265.52)

6. Is a copy of the plan maintained at the active
hazardous waste storage or accumulation area? __
(40 CFR 265.53)

7. Has a copy been submitted to all local police, fire
departments and hospitals that might be called upon
to provide emergency services? „__
(40 CFR 265.53)

a. If no, and if an attempt was made, was this
documented?
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PART 1: ENVIR
SECTION 3

ATTACHMENT II
PCB DOCUMENTATION
(40 CFR 761.45)

Does tne annual document or records of disposition of PCS's and
PCS items contain -h« following information:

YES NO M/A
a. In service:

1. Total I of transformers/capacitors

2. Total weight (kg) of PCB's contained ,

b. Removed from service:

1. Total I of transformers/capacitors:
2. Identity of container contents/

contained items placed in storage
3. Total weight (kg) of PCB's contained
4. Date removed from service
5. Date Placed in storage ,
6. Initial storage or disposal

facility location and operator
7. Dates transported for disposal ___

c. Identity of any items sold

d. Identity of items still in storage

e Identity and total weight of any PCB
items purchased during the last year

Records Retention

a. If all PCB items have been removed from
site, are records/documents being maintained
for 5 years from last removal date?

b. Are- inspection records being maintained
for a minimum of three years?

c. Do records indicate and document that
non-PCB transformers have been tested or
verif ied to contain < 50 ppm PCB? ,

Storage Area (Use for walkthrough)

a. Are storage areas marked with "ML"?
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YES NO N/A
b. Is the storage area adequate to prevent

rainwater from reaching PCB's and PCB items?

c. Is there adequate s p i l l control for PCB's?
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PART 1: ENVIRONMENTAL
SECTION 4

ATTACHMENT III A
NPDES PERMIT COMPLIANCE

(Attleboro, SW Houston, N*? Houston)
(40 CFR 122)

YES NO N/A

Has an NPDES permit been obtained for all

applicable discharges?

a. List all permits (numbers) and expiration dates:

NPDES: STATE:
b. If any permits will expire in the next

year, has the reapplication process been
initiated?

1. If yes, what is the expiration date?
2. Has the reapplication process been

initiated 180 days before this date?

Are monitoring practices, sampling and testing
procedures consistent with permit requirements?

a. Parameters and sampling frequency
b. Sample collection methods
c. Test procedures EPA approved

Are locations and scheduling adequate for
representative sampling?

Is monitoring and analysis being performed more
frequently than required by the permit?

a. If yes, are results reported in the self-
monitoring report (DMR)

Are violations of permit limits reported to the
permitting agency within 24 hours of occurrence?

a. If yea, was the EPA notified in writing
within S days?

b. is a log of written reports to EPA
maintained?
(GEP)
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PART 1: ENVIRONMENTAL

YES NO N/A
6. Are the following records maintained?:

a. Sampling date, time, location
b. Name of person taking sample
c. Analysis dates, times
d. Individual performing analyses .
e. Analytical methods/techniques used ,
f. Analytical results
g. Instrument charts .
h. Calibration data
i. Lab QA

?. Are records maintained for minimum of 3 years?

a. Does the treatment facility have the following? :
(The following a. - i. nay be requirements to
a permit. If not it should be Good Engineering
Practice)

a. Standby power or equivalent provisions ___, , __
b. Alarm system for power or equipment failure
c. Qualified operating staff _ _ _ _
d. Training procedures for new operators
e. written operating procedures _ _
f. Operating log
g. Written PH schedule
h. Maintenance records
i. Spare parts lists

9. Is a commercial laboratory or on-site laboratory used? (circle
one)

a. if commercial, Lab name:.

Address:_

b. Foe either commercial or on-site laboratory
does the site have a program to confirm
requirements of question 6?
(GEP)

1. Are duplicate samples analyzed
(GEP)

2. Are EPA QA samples run annually
(GEP)

10. Have there been any excursions since the last
audit? (Informational purposes only)
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a. If yes, what were the dates they occurred?

b. What were the reasons for the excursion(s)?

Has the EPA or state performed an on-site audit
of the site programs?
(Informational purposes only)

PART 1: ENVISCN'MENTA'.

YES NO N A

a. If yes when?.

b. Any deficiencies noted?

12. Is documentation available to indicate a program
is in place to eliminate illicit discharges?
(40 CFR 122)
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PART 1: ENVIRONMENTAL
SECTION 5

ATTACHMENT III B
PRETREATMENT COMPLIANCE

(All Sites)
(40 CFR 403, 433, 469)

1. Control Authority:

2. Does the facility meet:
YES NO N/A

a. Local pretreatment standards/city ordinance?
(City Ordinance)

b. National pretreatrnent standards?
(prohibited discharges)
(40 CFR 403.5)

c. Specific categorical pretreatment standards?
(433, 469 - circle those applicable) ___

3. Does the site perform analysis to confirm
compliance with 2a? __ _ ,„
(GEP)

4. Are compliance reports submitted to the control
authority at least every June and December
(40 CFR 403.12)

a. Describe nature and concentration of
pollutants in the effluent .

b. Includes a record of measured or estimated
average and maximum daily flows for the
reporting period

c. Contains the results of sampling and
analysis

d. How does the site maintain it's records?
(refer back to Attachment IIIA, question #6).
(GEP)

5. Are records maintained of all pretreatment
monitoring and analytical results for 3 years?
(40 CFR 403.12)
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Do effluent monitoring reports indicate
standards are being met?
(40 CFR 403.12)

PART 1: ENVIRONMENTAL

YES NO N A

Have there been any excursions?

a. If yes, how many?

Date: Standard exceeded:,
Reason for non-compliance:.
Actions taken to prevent reoccurrence:.

Date: Standard exceeded:,
Reason for non-compliance:,
Actions taken to prevent reoccurrence:.
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PART 1: ENVIRONMENTAL
SECTION 6

ATTACHMENT IV A
COLO SOLVENT CLEANERS

(ECS 05.01)

This checklist should be completed for at least one cleaner:

What is the cleaner location:^ , CC_
Serial #: ,Solvent Type:

YES NO N/A

2. Dees the above information match documentation?

3. Are the actual usage records kept on floor?

a. Do they indicate compliance with permitted

or exempted limits?

4. Is unit covered by a permit or exemption?

a. what is the permit or exemption number?

5. Dees the cleaner have:

a. A tight-fitting cover?

b. A fusible link (flammable solvents only)?

c. An external drain rack?
1. Is it ventilated?
2. Does it drain back to cleaner sump?

6. Does the freeboard ratio • 0.75 (distance
from solvent surface to lip of degreaser /
surface width) ?

i. Does the cleaner have a spray wand?

a. Is th« pressure less than 10 psi

b. Is the spray in a solid sfcrean

8. Does the cleaner have air or gas agitation?

9. Is the solvent fill line visible?

a. Is solvent level below the fill line?

10. Is air draft across top < 250 ft/minute?
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a. Exhaust rate < 65 cfm/f2 ?

PART 1: ENVIRONMENT*:

YES NO N/A

11. Is a label describing operating instructions
properly attached?
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PART 1 ENVIRONMENTAL
SECTION 7

ATTACHMENT IV B
OPEN TOP VAPOR DEGREASER

(ECS 05.01)

This checklist should be completed for at least one degreaser:

1. What is the degreaser location: , CC s:

Serial #: ,solvent type:

YES NO N/A

2. Does the above information match documentation?

3. Are the actual usage records kept on floor?

a. Do they indicate compliance with permitted

or exempted limits?

4. Is unit covered by a permit or exemption?

5. Does the cleaner have a tight fitting cover? __ __

6 Is solvent/air interface area < 10 ft 2?
a. If yes, is the degreaser equipped with the

following control devices:
1. A Freeboard ration • .75
2. Freeboard chiller, or
3. Lip exhaust connected to a carbon

adsorption system

7. is solvent/air interface > 10 ft 2?

a. If yes, is the degreaser equipped
with the following control devices:
1. Freeboard chiller, or
2. . Lip exhaust connected to a carbon

adsorption system, and
3. Powered cover (if purchased after '84)

8. If purchased before January 1, 1980, is the degreaser
equipped with the following manual reset devices:?
a. Maximum vapor level control thermostat

b. A primary sump temperature thermostat

9. If purchased after January 1, 1989, does the
degreaser also have:?
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PART i: ENVIRONMENT

YES NO N, A
a. Minimum vapor level control thermostat/spray

safety switch

b. A condenser flow switch and thermostat

10. Is the vertical speed of the hoist < 11 ft/min?

11. Is air draft < 250 ft/min? .

12. If lip exhaust is used, is the rate < <55 cfm/ft 2?

13. Dees exhaust turn off when cover closes?

14. is the load/basket 50% of the horizontal
interface area?

15. Is the degreaser equipped with a spray wand?

a. Does it produce a solid spray?
b. Is the pressure less than 10 psi?

16. Is a label summarizing proper operating procedures
attached on the front of the degreaser? ,

1.24



PART 1: ENVIRONMENTAL
SECTION 8

ATTACHMENT IV C
CONVEYORI2ED DEGREASER

(ECS 05.05)

This checklist should b« completed for at least one degreaser:

1. What is the degreaser location: CCs:

Serial #:___ , solvent type:

YES NO N/A

2. Does the above information match documentation?

3. Are the actual usage records Kept on floor?

a. Do they indicate compliance with permitted

or exempted limits?

4. Is unit covered by a petait or exemption?

5. Does the degreaser have:?

a. Entrance/exit flaps

b. Down time covers

6. Is degreaser equipped with freeboard chiller?

7. is there an exhausted drying tunnel?

a. If yes, is it connected to an activated

carbon system?

8. Is the degreaser equipped with the following control devices:

a. Maximum vapor level control thermostat
b. Condenser flow switch and thermostat
c. Primary sump temperature thermostat
d. Heating element sensor
e. Minimum vapor level control

9. Is the conveyor vertical speed < 11 ft/min?

10. Is there a water/solvent separator?

11. Are operating procedures properly
affixed to the front of the degreaser?

1.25



PART 1: ENVIRONMENTAL
SECTION 9

ATTACHMENT V
DRINKING WATER

(40 CFR 141)

Unless otherwise specified, this applies only to sites which provide
their own drinking water from wells. (SW Houston, NW Houston and
Central Lake)

YES NO N/A
1. Has the site banned all uses of lead solder in

drinking water plumbing systems (all TI sites)?

2. Is the following sampling, monitoring and reporting performed?

a. Nitrates (MCL-10 MG/L) - sampled at intervals
determined by the state

b. Coliform Bacteria - sampled quarterly
c. voc's - sampled quarterly for 1 year

beginning 6/1/91
d. Unregulated contaminants - sampled once

every 5 years beginning 6/1/91

3. Are samples analyzed at a statt approved lab?

4. Are samples analyzed using methods specified
in 40 CFR 141?

5. Has the site violated any drinking water
standard (maximum contaminant level - MCL),
treatment technique, monitoring requirement
or testing procedure?

a. If yes, were employees properly notified?
(40 CFR 141.32 requirements until 4/28/89,
then new requirements?

1.26



PAST l: ENVIRONMENT.*:
SECTION 10
ATTACHMENT VI

HAZARDOUS WASTE MANIFEST
(40 CFR 262 APPENDIX - UNIFORM HAZARDOUS WASTE MANIFEST)

YES NO N/A
Are the manifests filled out properly to include
the following:

a. Manifest document number

b. Generator's name, mailing address,

phone # and ID#

c. Transporter's name, mailing address, ID#

d. TSDF name, mailing address, phone #. ID#

e. DOT proper shipping name including weight
or volume and container type and number

Are all manifests signed and dated by the
generator and the initial transporter? . ____
Do returned copies of the manifest include a
signature and date of acceptance by the
owner/operator of the TSD facility?

Have all copies been returned within 45 days?

a. If not, has an exception report been
filed with the appropriate agency?

Are copies of the manifest, exception reports
and dry weight calculations (Texas) maintained
for a minimum of 3 years?

Does the site's manifest file have a signed copy
of the appropriate Land Ban Notification for each
manifest*?
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PART 1: ENVIRONMENTAL
SECTION 11

ATTACHMENT VII
SOLID WASTE NOTIFICATION

(40 CFR 262 AND EQUIVALENT STATE REGULATIONS)

YES NO N/A
Are all waste streams currently being generated
at the site apparently identified on the Notice of
Registration? (Compare the site's waste code
number used on the hazardous waste manifests
to the Notice of Registration.)

Are all Solid Waste Management Units (SWMU's)
identified on the notice?

Are all discontinued SWMU's being adequately
closed and the state notified?

4. Is the site's SWMU's managing any waste that is not
identified on the notice? ___

5. Has all wastt as identified by the TCLP test been
added to the notice?

6. Does the site receive any wastes from other sites? .

* Denotes pre-audit record review items
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PART 1: ENVIRONMENT*
SECTION 12

ATTACHMENT VIII
INSPECTIONS AND RECORDKEEPING

(ECS 01.02 OR AS NOTED)

YES NO N/A
Do hazardous waste tank inspections include:
(40 CFR 265)

a. Proper labeling?
b. visually examined daily for corrosion

and leaks? (ECS 01.02)
c. Inspected for proper operation of

control equipment?
d. Integrity tested withiin the past 5 years?

Pump's inspection include: (40 CFR 264.195)

a. visually inspected daily for corrosion
and leaks? (ECS 01.02)

b. Visually inspected daily for proper
operation? (ECS 01.02)

Pipeline inspection include: (40 CFR 264.195)

a. Are there any buried pipelines containing
oil or hazardous materials?
1. If yes, are buried pipelines pressure

tested quarterly?
b. Are above ground pipelines visually

inspected daily? (ECS 01.02)
c. Proper labeling?
d. Are all above ground pipelines double

contained?

Secondary containment structures inspection include:
(40 CFR 264.15)
a. Inspected daily for spills? (ECS 01.02)
b. Inspected weekly for degradation?
c. Inspected annually for detailed

evaluation?
d. Emptied of all collected rainwater and debris?

Drum storage area inspection include: (40 CFR 262.32)

a. Proper labeling?
b. Visually inspected daily for corroded

or leaking drums? (ECS 01.02)
c. Are incompatible waste segregated? ___
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PART 1: ENVIRONMENTAL

YES NO N/A
d. Is adequate aisle space (minimum 2 ft)

maintained for inspection?
(GEP)

Are inspection and maintenance records kept
for 3 years? (40 CFR 264.15)

Do they include:
a. Date and person doing the inspection?

(GEP)
b. Results of inspection and any comments?

(GEP)
c. Amount and disposition of collected

rainwater? (GEP)
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PART 1; ENVIRONMENTAL
SECTION 13
ATTACHMENT IX

PERSONNEL TRAINING
(ECS 06.03, 40 CFR 262.34 AND 265.16)

Are the following personnel trained annually:
YES NO N/A

a. Chemical waste handlers
b. Storage/dock area personnel
c. SPCC/contingency plan emergency coordinators
d. SQG emergency coordinators

Who provides training?.

Are the following personnel training records
and documents maintained?
(40 CFR 265.16)

a. Job title, name and written description of
each job including required skill,
education, and duties

b. Description of the type and amount of
introductory and continuing training

c. Documentation that training has been
given to employees

Are records maintained for at least 3 years from
the date employee last worked at the facility?

Are the following personnel trained annually:

a. SPCC/Contingency Plan Emergency Coordinator?

b. SQG Emergency Coordinator?
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PART 1: ENVIRONMENTAL
SECTION 14

SITE WALK THROUGH
(Use a t t a c h e d C h e c k l i s t s where a p p l i c a b l e )

Air Emiss ions (compare a g a i n s t APFI f i l e ) (GEP)
YES NO N/A

1. Are air pollution abatement systems properly
operating and maintained? (GEP) ,
a. Is there any indication of corrosion of

equipment or nearby structures? (GEP) .
b. Is sufficient water being used to wet

scrubber packings? (GEP)
c. Is pollution abatement equipment being

by-passed? (GEP)

2. Are there any visible emissions from any site
stacks? (Observe from roof if possible)
(GEP or Site Permit)

3. Are there any fugitive odors?

4. Are paint spray booth exhaust fans, filters and
water curtains operating properly? (GEP)

5. Are degreasing operations performed so as to
minimize emissions? (GEP)

6. Are there any non-permitted emissions? (Compare
permits and exemptions to emission sources).
(TAC8 Reg VI)

7. i s a daily log maintained of VOC emissions
from paint spray booth operations located in
Dallas and Harris Counties? .

S p i l l Control (Compare against SPCC/Contingency Plan)

a. Is truck loading/unloading s p i l l control adequate?
(40 CFR 264.15)

b. Are secondary containment structures free of cracks
bottom openings, l iquid and debris? (40 CFR 264.15)

c. Are trenches and dikes equipped with manually
activated pumps and constructed of non-earthen
compatible materials, moisture barriers and inter ior
coatings or liners? (ECS 01.02)

d. I s there a record of water analysis prior to
pumping decision? .
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PART 1: ENVIRCNMENTAL
SECTION 14

SITE WALK THROUGH (continued)

i'ES NO N/A
Wastewater Treatment (Including pipelines)

1. Is pH within allowable range? (City Permit)

2. Is effluent clear and free from suspended
waste? (GEP and City Permit)

3. Is monitoring equipment calibrated? (flow meters,
Ph probes) (GSP)

Hazardous Waste Material Handling

1. Is waste packaged and labeled in accordance
with DOT regulations?
(49 CFR 172)

2. Are all containers of 110 gallons or less
marked with the words "HAZARDOUS WASTE," the
generator's name and address, and manifest
document number before shipping?
(40 CFR 262.32)

Hazardous Waste Satellite Accumulation (40 CFR 262.34)

1. Are drums at or near the point of generation
where wastes are initially accumulated?

2. Are drums labeled with their contents or
the words, "HAZARDOUS WASTE"?

3. Are drums closed except while pouring?

4. After 55 gallons has been accumulated are
drums dated and moved to centralized
storage *area within 3 days?

5. Are compatible wastes co-mingled?

Drum Storage and Dock Area (40 CFR 262.34)

1. Are wastes compatible with containers?

2. Are there any leaking containers?

3. Are incompatible wastes segregated?
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PART 1: ENVIRONMENTAL

SECTION 14
SITE WALK THROUGH (Cont'd.)

YES NO N/A
4. Are containers dated?

5. Dees the date indicate the waste has been stored

more than 90 days, 180 days for SQG's?

6. Are drums and storage area inspected daily?

?. Are absorbent materials available?

S. Are SPCC, Contingency Plans or SQG Emergency

Response Procedures available?

Bulk Tanks (40 CFH 265)

1. Is waste compatible with the tank?
2. Is discharge control equipment (waste feed

cutoff systems, by-pass systems, and
drainage systems) working properly?

3. Is monitoring equipment (pressure and
temperature gauges) working properly?

4. Are level gauges, overfill devices and
automatic shut-off valves working properly?

Water

1. Are there any obvious discharges to the surface?

2. Are there any pipelines plumbed to floor drains?
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FOR.MAT FOR THE CORPORATE ENVIRONMENTAL, SAFETY AND
INDUSTRIAL HYGIENE AUDIT REPORT/W3

- „ . ; -> ********* *********
!:! a« *(AUDIT DATE) PRIVILEGED AND CONFIDENTIAL*
. *:* * ATTORNEY/CLIENT COMMUNICATION*
:•;« *(YEAR) SITE AUDIT OF TI (SITE NAME) •

********* *********

PART 1 ENVIRONMENTAL

A. ACHIEVEMENTS DURING PAST 12 MONTHS:
1.
2.

(COMMENTS FROM SITE IS OPTIONAL)

B. PERCEIVED REGULATORY DEFICIENCIES:
1. a. LIST AND CITE THE DEFICIENCY AND THE PROGRAM

b. CORRECTIVE ACTION:
WHO:
(LEAVE 3 LINES MINIMUM)
WHAT:
(LEAVE 7 LINES MINIMUM)
WHEN:
(LEAVE 3 LINES MINIMUM)

2. a.
b.

C. PERCEIVED TI STANDARD DEFICIENCIES:
1. a. LIST AND CITE THE DEFICIENCY AND THE PROGRAM

b. CORRECTIVE ACTION:
WHO:
LEAVE 3 LINES MINIMUM)
WHAT:
LEAVE 7 LINES MINIMUM)
WHEN:
(LEAVE 3 LINES MINIMUM)

2. a.
b.

D. RECOMMENDATIONS:
1 . a . RECOMMENDED ACTION

b . REPLY REQUIRED

2 . a .
b .

E. GENERAL COMMENTS (BY AUDITOR)
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(AUDIT DATE) PRIVILEGED AND CCNFICENT1AL
ATTORNEY/ CLIENT CC^'VNICAT: :%:

(YEAR) SITE AUDIT OF T I ( S I T E NAME)

NOTE: * DESIGNATES A DEFICIENCY THAT IS REPEATED OR HAS NOT BEEN
CORRECTED AS NOTED ON THE PREVIOUS YEARS AUDIT REPORT/W3.
EACH * REPRESENTS ONE PREVIOUS YEAR.

SIGNED:
(AUDITOR)

THE ABOVE ACTION ITEMS AND COMMENTS ARE APPROVED, A FOLLOW UP W3 WILL
BE SENT TO JOE DOWNING THREE MONTHS FROM THE ORIGINAL DUE DATE OF THIS
W3 AND EVERY THREE MONTHS UNTIL ALL DEFICIENCIES HAVE BEEN RESOLVED.

SIGNED.
SITE MANAGER
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INTRODUCTION:

In July of 1977, Texas Instruments, located in Attleboro Massachu-
setts was issued a five-year National Pollutant Discharge Elimina-
tion System (NPDES) permit to discharge a treated industrial waste
effluent in compliance with the Clean Water Act (CWA). The compa-
ny had just completed the installation of a modern waste treatment
facility employing metal hydroxide precipitation. At the time,
this system was considered the Best Available Technology (BAT),
and it was based on such process criteria that the original permit
limits were generated.

In 1982, however, when Texas Instruments submitted a renewal
application for its NPDES discharge permit, water quality criteria
were used in place of BAT to determine permit limits. Since it
had been shown that BAT was insufficient to achieve water quali-
ties in receiving streams equal to their designated uses, the EPA
began imposing much more stringent limits to attain the necessary
water quality standards. Therefore the draft NPDES permit issued
to Texas Instruments in January 1984 reflected the stringent water
quality guidelines. Due to the limited dilution water available
in the company's receiving stream, the proposed limits were impos-
sible to meet with any existing technology.

Texas Instruments then faced a difficult decision on whether to
attempt to relieve the tight proposed limits through aquatic
toxicity testing, or whether to re-direct the effluent to another
receiving stream (i.e. Publically Owned Treatment works (POTW), or
in the worst case, whether to shut-down its large Attleboro based
manufacturing facility employing over 5000 people and relocate to
another area. In the final analysis and after much deliberation,
TI chose to maintain its Attleboro facility and enter into a long
and relatively unexplored avenue of aquatic toxicity testing to
raise its permit levels to achievable limits. It was realized
early on, that, even if TI succeeded in raising the limits, the
existing waste treatment facility would require expensive modifi-
cations.

BACKGROUND:

The Texas Instruments (TI) facility in Attleboro (Figure I) dis-
charges to surface streams via five outfalls. With the exception
of Outfall 003, the other outfalls discharge only storm runoff and
cooling tower blowdown. Outfall 003 receives the treated effluent
from the waste treatment facility. From Outfall 003, the effluent
travels into an unnamed brook to Cooper's Pond. It then proceeds
to Chartley Pond, the Wading River, the Taunton River, and ulti-
mately Mount Hope Bay.

As TI Attleboro is in the metal finishing, plating, and electronic
controls business, the waste treatment facility is designed to
neutralize and treat metal bearing and cyanide bearing waste
streams.
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The original waste treatment process involves pH neutralization,
two-stage cyanide oxidation, and metal hydroxide precipitation.
After flocculation with an organic polymer, the metal hydroxides
are precipitated in an inclined tube clarifier generating a metal-
hydroxides are precipitated in an inclined tube clarifier gener-
ating a metal-hydroxide sludge. Under ideal operating conditions,
when the incoming wastewater is arriving at a constant rate, when
the chemical composition is unvariable, free of chelating
agents,oil or solvents, the metal hydroxide process can remove
metals down to the low parts per million (ppm) range. Table I
demonstrates the original 1977 NPDES permit limits under which TI
was originally operating. From the Table, it can be seen that
these limits were technology based, ranging for the most part, in
the low parts per million, consistent with the efficiency of metal
hydroxide precipitation.

TABLE I
1977 NPDES PERMIT LIMITS (MG/L)

PARAMETER

OIL AND GREASE
TOTAL SUSPENDED SOLIDS
NICKEL
IRON
ALUMINUM
COPPER
ZINC
CADMIUM
SILVER
CHROMIUM (TOTAL)
CHROMIUM (+6)
LEAD
TIN
RESIDUAL CHLORINE
CYANIDE
FLOURIDE
PHOSPHORUS
PALLADIUM
BORON

MONTHLY AVERAGE

15
20
2.0
1.0
0.5
0.5
0.5
0.2
0.05
0.5
0.05

MONITOR ONLY
1.0
2.0
0.5
18

MONITOR ONLY
0.05

MONITOR ONLY

DAILY MAXIMUM

15
30
2.0
2.0
1.0
1.0
1.0
0.2
0.1
1.0
0.1

MONITOR ONLY
2.0
2.0
1.0

36
MONITOR ONLY

0.1
MONITOR ONLY
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In 19 84 when the EPA issued the draft version of the new NPDES
permit for TI, based on water quality criteria (shown in TABLE
II), it was clear that the metal hydroxide treatment system which
was already encountering problems meeting the 1977 permit, would
never be able to meet the draft limits. The draft permit, based
on theoretical calculations believed to protect the most sensitive
aquatic organisms, resulted in values in the low parts per billion
(ppb) range. In fact, some of the values were so low, so as to be
below the detection limits for the best available analytical
instruments. TI clearly could not hope to operate a viable
manufacturing facility and live with such unrealistic discharge
limits.

PARAMETER

OIL AND GREASE
TTS
NICKEL
IRON
ALUMINUM
COPPER
ZINC
CADMIUM
SILVER
CHROMIUM (TOTAL)
CHROMIUM (+6)
LEAD
TIN
RESIDUAL CHLORINE
CYANIDE (TOTAL)
FLOURIDE
PHOSPHORUS
PALLADIUM
BORON
TTO

TABLE II

ORIGINAL DRAFT PERMIT LIMITS

MG/L
AVERAGE

15
20
0.056
0.11
0.5
0.0058
0.047
0.002

0.042
0.0072
0.001
0.11
0.003
0.0042
2.1
1.0
0.05
2.0

MG/L
AVERAGE

15
30
1
0
1
0
0
0
0
0
0
0
0
0
0
2
1
0
4

.1

.22

.0

.0084

.180

.002

.0012

.870

.011

.025

.22

.004

.022

.1

.0

.1

.1
2.13
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TOXICITY TESTING:

Given the unrealistic limits derived by theoretical calculations,
TI entered into a period of toxicity testing to negotiate higher,
achievable limits with the EPA based on experimental data. The
experimental procedure accepted by the EPA involves toxicity
testing of indicator aquatic organisms. The aquatic toxicity
test is a bioassay type test in vhich indicator organisms are
subjected to varying concentrations of the waste effluent mixed
with clean dilution water to which the organisms have already been
acclimated. The purpose of the bioassays is to determine the
concentration of acute toxicity which is indicated by death, and
chronic toxicity which is indicated by reduced reproductive capa-
bilities. The experimental results, taking into account dilution,
are then manipulated to generate permit limits. The acute value
corresponds to the daily maximum concentration, and chronic value
corresponds to the monthly average. The results of toxicity test
are reported as No Observed Acute Effect Level (NOAEL) and No
Observed Chronic Effect Level (NOCEL).

Performing a sensitivity study to determine the appropriate aquat-
ic organism for TI's study, Daphnia Pulex was selected as the most
sensitive organism and the species of choice. Daphnia is a small
Copepod which commonly maintains one of the lowest positions in
the fresh water aquatic food chain. Having selected the proper
indicator organism, TI first set out to ascertain that the metal
hydroxide treatment effluent was, in fact, toxic. Table III shows
the results of the initial toxicity testing. It is clear from
these results, which demonstrate high toxicity even at low concen-
trations, that the metal hydroxide treatment system is unable to
produce a non-toxic effluent.

TABLE III
RANGE OF LC50'S AND NOAEL

SAMPLE LOCATION

A.
B.
C.

D.

E.
F.

OUTFALL 003
OUTFALL 005
COOLING TOWER
BLOWDOWN

UNNAMED BROOK DOWNSTREAM
OF OUTFALL 003 AND
004 DISCHARGE
COOPERS POND EFFLUENT
COOPERS POND OUTFALL
UNDER RAILROAD
EMBANKMENT

(%EFFLUENT)
RANGE OF LC50'S

0.1-2.5
35
41

1.69-5.0

1.91
1.55-100

{%EFFLUENT)
RANGE OF NOAEL

0.1-1.0
25
1

0.1-1.0

1
1.0-100



PILOT TEST PROGRAM:

In light of these discouraging results, TI decided to pilot test
several advanced waste treatment technologies to see if the re-
sulting effluent could meet water quality criteria. Among the
technologies tested were:

-Membrane Microfiltration
-Chelating Ion Exchange
-Soluble (sodium) Sulfide Precipitation
-Insoluble (ferrous) Sulfide Precipitation

TI's pilot program lasted over the course of several months and it
addressed the following areas:

-Feasibility of the process to produce an effluent
capable of meeting water quality criteria.
-Estimates of full-scale chemical consumption rates
and costs.
-Operational and maintenance characteristics.
-Full-scale design parameters.

After several months of intensive pilot testing, the Insoluble
Sulfide Precipitation (ISP) process demonstrated the most favor-
able results as a final polishing step after the existing metal
hydroxide treatment process.

TI operated an ISP pilot system at an average rate of 40 gpm. To
evaluate performance with respect to water quality criteria,
toxicity testing and metal analysis were performed on the pilot
unit final effluent. As a result of the toxicity text results
(demonstrated on Table IV), it was possible to obtain some relief
from the unrealistic draft permit limits.
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TABLE IV

SUMMARY OF RESULTS FROM REPRESENTATIVE ACUTE AND CHRONIC
EFFLUENT BIQASSAYSi INSOLUBLE SULFIDE PRECIPITATION PROCESS

PARAMETER

Acute LC-50 (1)
Acute NOAEL (2)
Chronic NOCEL (3)
Hardness (mg/Ll
Alkalinity (mg/l)
Ammonia (mg/l)
Residual Cl (mg/l)
pH
Ag
Al
Cd
Cr
Cu
Fe
Ni
Pb
Se
Sn
Zn
Cr
CN
F
P
Pd
B

(units)
(mg/l)
(mg/l)
(mg/l)
(total) (mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(+6)(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)
(mg/l)

6/20/85

100%
100%
12.5%

76
81

0.01
0

7.66
0.005
0.52
0.004
0.0005
0.009
0.064
.12

0.001
0.01
0.01
0.008
0.0005
0.06
4.7
0.69
0.005

0.6

6/26/85

100%
100%
20%
48
56

0.01
0

7.80
0.025
0.52
0.006
0.035
0.041
0.23
0.20
0.043
0.01
0.045
0.028
0.035
0.21
1.8
1.8

0.005
0.5

7/3/85

100%
100%
60%
51
71
0.7
0

7.94
0.0008
0.71
0.002
0.0005
0.014
0.29
0.12
0.002
0.01
0.01
0.004
0.0005
0.09
1.1
1.1

0.005
0.5

7/12/85

100%
100%
80%
66
74
0.9
0

7.70
0.0005
0.32
0.008
0.0005
0.005
0.055
0.09
0.023
0.01
0.01
0.005
0.0005
0.06
1.1

0.48
0.005
0.27

(1) Lc-50 is the strength of the treated wastewater sample in
which 50 percent of the test organisms survive 48 hours.

(2) NOAEL (Non-Observable Acute Effect Level) specifies the
strength of the treated wastewater sample in which a major
population of the test organism survives 48 hours.

(3) NOCEL (Non-Observable Chronic Effect Level) is the strength
of the treated wastewater sample in which the normal life
production cycle of juveniles of the major population of the
test organism is unaffected through 7 days of the bioassay
testing.
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The results of the pilot unit toxieity tests were used to develop
the final permit limits shown in Table V. The EPA calculated the
final limits taking into account the effluent toxicity, chemical
composition and the natural available dilution during seasonal
low-flow conditions.

Although the final permit limits were still in the range of the
low parts per billion, a modest increase had been achieved, and a
technology had been identified which could consistently meet such
effluent quality.

TABLE V

NPDES PERMIT LIMITS (mg/1)

PARAMETER

Oil and Grease
Total Suspended
Solids
Nickel
Iron
Aluminum
Copper
Zinc
Cadmium
Silver
Chromium (+3)
Chromium (+6)
Lead
Tin
Ammonia
Residual Chlorine
Selenium
Cyanide
Flouride
Phosphrous
Palladium
Boron
Total Toxic Organics
NOAEL (1)
NOCEL (2)

CURRENT PERMIT
MONTHLY AVG. DAILY MAX.

15
20

0.17
1.75
1.0

0.15
0.4

0.025
0.007
0.1
0.09

0.031
0.02
1.7

0.02
0.1
0.13
9.0
1.0
1.05
2.0

Monitor Only

15
30

2.0
1.75
1.25
0.15
0.75
0.025
0.05
1.5
0.09
0.15
0.08
4.1

0.025
0.45
0.185
9.1
1.0
1.1
2.0
2.13
60%

Monitor Only

Notes:
1. No Observed Acute Effect Level {NOAEL) specifies the

dilution of the treated wastewater sample in which a
major population of the test organism (Daphnia pulex)
survives 48 hours. In this case? 60% wastewater, 40%
dilution water.
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Continued

2. No Observed Chronic Effect Level (NOCEL) specifies the
dilution of the treated wastewater sample in which the
normal life production cycle of juveniles of the major
population of the test organism is unaffected through 7
days of testing. In this case, no permit limit for
wastewater sample dilution was specified - only a
requirement to monitor and report.

INSOLUBLE SULFIDE PRECIPITATION PROCESS THEORY:

The ISP process is a patented wastewater treatment technology
which is effective in removing heavy metals. The process uses a
freshly prepared ferrous sulfide (FeS) slurry as the source of
sulfide ions needed to precipitate the metals from the wastewa-
ter. The process operates on the principal that FeS will dissoci-
ate into ferrous ions and sulfide ions to the degree predicted by
its solubility product. As sulfide ions are consumed by forming
precipitates with metal ions in the wastewater, additional FeS
will dissociate to maintain equilibrium concentration. Ferrous
ions dissociated from the FeS will precipitate as ferrous hydrox-
ide at the alkaline pH range at which the process is operated.
The sulfide precipitation process can produce an effluent having
much lower dissolved metals than a hydroxides precipitation pro-
cess because metal sulfides are much less soluble than metal
hydroxides. Table VI compares the solubility of metal sulfides
with metal hydroxides to illustrate this phenomenon.

(10)



TABLE VI
THEORETICAL SOLUBILITIES OP HYDROXIDES AND SULFIDES

OF HEAVY METALS IN PURE WATER

Metal

Cadmium (Cd++)
Chromium (Cr+++)
Cobalt (Co++)
Copper (Cu++)
Iron (Fe++)
Lead (Pb++)
Manganese (Mn++)
Mercury (Hg++)
Nickel (Ni++)
Silver (Ag+)
Tin (So++)
2inc

Solubility of Metal Ion (mg/1)
As Hydroxide As Sulfide

2.3
*8.4
*2.2

**2.2
8.9

**2.1
1.2

*3.9
*6.9
13.3

**1.1
1.1

X
X
X
X
X

X
X

X

10-5
10-4
io-i
10-2
10-1

10-4
10-3

10-4

6.7
No
1.0
5.8
3.4
3.8
2.1
9.0
6.9
7.4
*3.8
2.3

X 10-10
Precip.
X
X
X
X
X
X
X
X
X
X

10-8
10-18
10-5
11-9
10-3
10-20
10-8
10-12
10-8
10-7

References

Handbook of Chemistry and Physics 50th Ed., R.C. Weast, Ed.
The Chemical Rubber Co., 1969, P. B252

•Handbook of Analytical Chemistry, L. Meites, Ed.
McGraw-Hill Inc., 1963, P.P. 1-15 to 1-19

**Ionic Equlibrium As Applied to Qualitative Analysis.
Hogness and Johnson, Holt, and Winston Co., 1954, P.P. 360-362
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Figure II lists some of the simplified chemical formulas which are
important to the ISP process. Equation 1 represents the overall
chemistry described in the previous paragraph. Equations 2 & 3
reveal some added advantages of the ISP process over hydroxide
precipitation. In Equation 2, it is seen that the ISP process can
reduce and precipitate hexavalent chrome without the need for
pretreatment. Equation 3 shows that the ISP process can also
handle chelated wastestreams as the metal sulfides tend to be less
soluble than the chelated complex. But of course, no process is
without its limitations. The ISP process removes only those
metals which can form metal sulfides less soluble than ferrous
sulfide. So for instance, Manganese cannot be removed by this
process, and Nickel, Tin and Zinc are on the borderline. Obvi-
ously, no anions, such as cyanide, will be removed by this pro-
cess. But as for the majority of heavy metals found in a metal
finishing or plating wastewater, the ISP process is quite effec-
tive.

FIGURE II

EQUATION 1

Me (OH)2 + FeS Fe(OH)2 + MeS

EQUATION 2

CrO4= + FeS + 4H2© Fe(0H)3 + Cr(OH)3 + S + 2 OH1

EQUATION 3

CU EDTA"2 + FeS CuS + Fe EDTA"2

(12)



TI WASTE TREATMENT SYSTEM PROCESS:

In light of the new NPDES permit limits, an $10 million upgrade
was implemented making use of the ISP technology. As stated
earlier, the ISP process was added as a polishing step to the
existing metal hydroxide treatment system. Improved, computerized
process control was added to the existing system so as to provide
a consistent effluent quality to the ISP system.

TI was issued an Administrative Order by the US EPA in December
1985 containing a schedule for upgrading TI's wastewater treatment
facilities to achieve compliance with the new NPDES permit limits.
This schedule dictated milestone dates by which preliminary de-
sign, final design, construction, and system startup had to be
completed. The major schedule events are summarized below:

o By March 31, 1986, complete preliminary design,
o By November 28, 1986, complete final design,
o By October 31, 1987, complete construction,
o By December 12, 1987, attain operational level of the

upgraded treatment facilities.

Texas Instruments retained United Engineers & Constructors Inc.
(UE&C) of Boston, Massachusetts to provide engineering design and
start-up services for this project. UE&C had previously performed
the pilot test program in 1935 under the direction of TI.

The unit operations and flow schematic for the waste treatment
modifications are represented graphically on Figures III & IV.
Following pH adjustment in the existing hydroxide precipitation
system, the wastewaters are pumped to equalization and storage
which consists of two 250,000 gallon above-ground storage tanks.
These tanks serve as flow equalization, spike buffering capacity,
and emergency holding in the event of an upset.

(13)



Neutralised wastewater from the equalization tanks are pumped to
two lamella clarifiers where they undergo polymer addition,
flocculation and settling. The two lamella clarifiers are de-
signed with the flexibility to operate individually during periods
of low flow or maintenance, or they can operate in parallel. Each
clarifier is rated at 350 gpm. Metal hydroxide sludges generated
in the lamella clarifiers are blown down under timer control to
decant tanks prior to dewatering. A small stream of sludge is
recirculated to the clarifier inlet to seed the incoming wastewa-
ter.

Following clarification, the waste stream passes through the ISP
units. The ISP unit consists of three major components: a precip-
itator, a dual media filter, and a chemical feed system. The
critical unit operation to the ISP process is the precipitator.
This unit serves as both the FeS reaction chamber and the sludge
settling clarifier. The sludge blanket consists of a mixture of
fresh FeS reagent, metal sulfide sludge, and ferrous hydroxide
sludge. Similar to the design of the lamella clarifiers, redundant
ISP precipitators were provided to increase operating flexibili-
ty. Likewise, sulfide sludge is blowndown under timer control to
dedicated decant tanks prior to dewatering.

After passing through the ISP precipitators, the wastewater pro-
ceeds to multi-media filters. The filters capture any suspended
residual which may have breeched clarification in the precipita-
tor. There are four filter vessels, each designed for a hydraulic
loading equal to 1/3 of the rated system capacity. At any given
time three units are in operation while the fourth is backwashed.
The centralized, computer controller monitors the back-pressure on
each filter vessel and automatically initiates backwashing when
necessary.

This same central processing unit also monitors the turbidity and
pH of the final effluent discharging from the filter vessels. In
the event that the effluent quality "out of specification", the
system automatically re-directs the effluent to the equalization
tanks.

A portion of the treated effluent which meets discharge criteria
is returned to a storage tank to te reused in the plant for
backwashing filters, pump seal water flushing, rotating-equipment
bearing flush water, chemical make-up and dilution, and hose
washdcwn station makeup water. On the average, recycled water
demand is approximately 10% of the treated effluent. The other
90% is discharged to Outfall 003.

Sludges generated from the hydroxide precipitation process, and
the ISP process are dewatered in one of two dedicated plate and
frame filter presses. Dewatered sludge is sent offsite for dis-
posal. The hydroxide and sludge sulfide are sent out for reclama-
tion.

(14)



EXISTING WASTEWATER TREATMENT
COOPERS POND DISCHARGE

Figure III
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ADVANCED WASTEWATER TREATMENT
COOPERS POND DISCHARGE

Figure IV
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SYSTEM STARTUP:

TI had anticipated that construction to be complete by June 1987
which would allow approximately five months for system startup
operations. However, several construction delays including the
late delivery of building steel and the need to replace a several
large fiberglass reinforced plastic (FRP) tanks which did not meet
the specifications resulted in a construction schedule delay of
approximately four months.

With the final goal of meeting a plant operational date of Decem-
ber 12, 1987, a comprehensive startup schedule was developed in
early October. This schedule detailed individual tasks and ex-
pected durations and noted critical activities which affected the
overall startup completion date. All tasks were categorized
according to responsible engineering disciplines: electrical,
instrumentation, mechanical, and chemical process. A startup team
comprised of personnel from both TI and UE&C was formed. Team
members were engineers and technicians who were involved in the
project from the early design phase.

Startup operations began on October 19 after most of the plant's
piping had been hydrotested. The initial mechanical startup
efforts were placed on the equalization/storage tanks and the
associated pumping system. Throughout the startup operations, the
two 250,000 gallon equalization tanks provided a reservoir of non-
potable process water for equipment hydrotesting and subsystem
startup. When the pumping system was operational, startup
progressed systematically along the main flowpath of the treatment
system. The clarifiers were first placed into operation, followed
by the precipitators and the multi-media filters. In parallel
with these efforts, peripheral subsystems such as the clarifier
polymer feed system, the lime feed system, the ferrous sulfate and
ferrous sulfide systems and the filter presses underwent startup.
The control logic was performed as the individual mechanical
subsystems were placed into operation.

On November 24 wastewater was processed through the system. Fine
tuning & chemical feed adjustments continues until December 10,
1987 when the system became fully operational, two days before the
required date.

The first grab sample taken December 1 from filter effluent, after
only three days of processing wastewater, showed excellent re-
sults. From this point, a comprehensive sampling program was
implemented. Analytical results from 8-hour composite samples
taken during the first several weeks of operation are summarized
in Table VII. Further adjustment of the process chemistry contin-
ues.

Finally, on December 16, a 24-hour composite sample of the system
effluent was sent to a laboratory for the first biological toxici-
ty test utilizing the daphnid, Daphnia pulex, as the acute test
organism. The sample, at 100% strength (i.e. undiluted), passed.

(17)



TABLE VII
FINAL EFFLUENT MONITORING RESULTS

PARAMETER CONCENTRATION (MG/L)

NPDES PERMIT
MONTHLY AVG. LIMIT

NPDES PERMIT
DAILY MAX. LIMIT

DATE OF SAMPLING

12/1/87
12/9/87
12/10/87
12/12/87
12/13/87
12/14/87
12/15/87
12/16/87

Zn
0.4

0.75

0.004
<0.030
<0.030
<0.030
<0.030
0.041

<0.030
<0.030

Cd
0.025

0.025

0.001
0.038

<0.020
<0.020
<0.020
<0.020
<0.020
<0.020

0
0
0
0
0
0
0
0

Fe
1.75

1.75

.058

.020

.152

.118

.134

.229

.193

.066

0
<0
<0
<0
<0
0

<0

Sn
0.02

0.08

.055

.030

.030

.030

.030

.073

.030

0

<0
0
0
0
0
0

<0

Ag
.007

0.05

_

.008

.048

.044

.034

.104

.025

.008

Pd
1.05

1.1

<0.010
<0.010
<0.010
<0.010
<0.010
<0.010
<0.010
<0.010

NOTE: EFFLUENT SAMPLES WERE 8-HOUR COMPOSITES.
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CONTINUED:

TABLE VII
FINAL EFFLUENT MONITORING RESULTS

PARAMETER CONCENTRATION (MG/L)

Cu Pb Ni Al Cr-T

NPDES PERMIT 0.15 0.031 0.17 1.0 0.19
MONTHLY AVG. LIMIT

NPDES PERMIT 0.15 0.15 2.0 1.25 1.59
DAILY MAX. LIMIT

DATE OF SAMPLING

12/1/87
12/9/87
12/10/87
12/12/87
12/13/87
12/14/87
12/15/87
12/16/87

NOTE: EFFLUENT SAMPLES WERE 8-HOUR COMPOSITES.

0.021
0.029
0 072
0.157
0.166
0.139
0.139
0.019

—
<0.030
<0.030
<0.030
<0.030
<0.030
<0.030
<0.030

0.049
0.065
0.129
0.398
0.419
0.287
0.297
0.228

0.704
0.229
0.301
0.246
0.186
0.243
0.246
0.228

0.005
<0.010
<0.010

0.022
0.011

<0.010
<0.010
<0.010
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CURRENT OPERATION:

The waste treatment plant has been in operation for over a year.
The plant has constantly achieved all the heavy metal limits in
the NPDES permit as well as the acute and chronic toxicity test
limits. Table VIII summarizes the results of effluent sampling
performed during 1988.

The plant has operated exceptionally, there has been no downtime
of production. Any breakdowns or maintenance which occurred has
been performed during the day due to the advantage of the dual
system.

TABLE VIII
NPDES PERMIT LIMITS MG/L

CURRENT ACTUAL RESULTS 1988
PARAMETER MONTHLY AVG. DAILY MAX. MONTHLY AVG. DAILY MAX.

Nickel 0.17 2.0 .103 .168
Iron 1.75 1.75 .092 .272
Aluminum 1.0 1.25 .232 .441
Copper 0.15 0.15 .032 .096
Zinc 0.4 0.75 <.O32 .041
Cadmium 0.025 0.025 .022 .040
Silver 0.007 0,05 0.005 <.O21
Chromium (Total) 0.1 1.5 <.01 <.O14
Chromium (+6) 0.09 0.09 <.O16 <.O27
Lead 0.031 0.15 <.011 <.016
Tin 0.02 0.08 <.O2 <.O42
Selenium 0.1 0.45 <.O12 0.022
Palladium 1.05 1.1 <.01 <.O12
NOAEL - 60% 95%
NOCEL - Monitor Only 65%
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Since December 1987, the startup wastewater treatment plant has
attracted visitors from both industry and government due to its
state-of-the art technology and high wastewater quality stan-
dards.

In January 1989 the treatment plant received even more public
attention as operators and supervisory personnel received the
state Department of Environmental Quality Engineering's presti-
gious Operation and Maintenance Excellence Award for 1988.

In presenting the award, state officials cited the plant's out-
standing performance record and high wastewater quality standards,
noting that the plant has not received a single discharge permit
violation for heavy metals or other contaminants since it went
into operation while maintaining pollutant limits in the low parts
per billion range.

THE FUTURE:

TI is looking at recycling more of the wastewater it treats in
some of its industrial processes, although one of the concerns is
that Cooper's Pond may dry up without the discharge from TI.

The application of advanced treatment technology is only the
beginning. As water becomes an increasingly scarce resource and
the cost of treating wastewater increases, efforts to manage this
resource will require a continued commitment to applying new
technologies as they become available.

(21)
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OZONATION PROCESS WITH HETERQGENOUS CATALYST IN

BARBOTAGE COLUMN SYSTEM

Ryszard Tosik and Stanislaw Wiktorowski

Institute of General and Ecological Chemistry

Technical University of Lodz,

36 Zwirki Street 90-924 Lodz, POLAND

ABSTRACT

Application of ozone for wastewaters purification depends on its utilization degree.

It was stated that favourable ozone utilization degree conditions were in two joint

reactors system. Fine and great dispersion reactors were used in the two stage

ozonation process for Direct Blue 84 solution decolorization. The catalyst was used

in the great dispersion reactor as a fluidized phase.

PROBLEM

Wider dissemination of the ozonation process as a method for industry wastewaters

purification requires the higher ozone utilization degrees. The authors patened the

method of ozonation combined with a heterogenous catalyst used as a fluidized phase

in the wastewaters stream. The catalyst was approtiate for dye solutions decoloriza-

tion. It was prepared from activated carbon impregnated with Mn, Cr and Fe metal

oxides.

For the catalyst was used in a small scale and markedly increased of ozone utilization

degree we decided to investigate its activity in the large laboratory equipment. The

subject of investigations was evaluation of ozone decomposition and utilization de-

grees in each of both used reactors as well in two joint reactors system.



APPARATUS

Two barbotage reactors the same diameter 80 mm and height 2000 mm were used.

One had perforated bottom with bore holes of 0.8 mm diameter for great dispersion

of bubbles. The second was equipped with ceramic disk of density G1 and was applied

for fine dispersion of air-ozone mixture. In the great dispersion reactor also the

catalyst was used as a fluidized bed. 100 g of the catalyst was put into the reactor.

Ozone was generated using IMPOZ 4 ozonator (producer INCO Poland) from

dried air. Air-ozone mixture was directly delivered to the dispersive element of the

reactors. Ozone concentration was determined in the gas stream before and after the

reactors by means of ozone meter.

PROCEDURE

Ozone decomposition degrees in each of the two reactors were determined. The

air-ozone mixture was continuously bubbled through the water in the reactor. Drin-

king water from Lodz was used. Ozone decomposition degree was estimated from

initial • Co- and final • C - concentration of ozone in the gas stream as:

a = [(Co- C)/Co]*100 (per cent)

Also the dye decolorization degree of solution was determined when the Direct Blue

84 (DB 84) dye baths were used, as:

p = [(Cos- C^/Co3]* 100 (per cent)

where: Cos and C*- initial and final concentration of DB 84 in solution before and

after ozonation. These concentrations were determined from spectrophoto-

metric absorbance at the 245 nm wavelenght.

The initial concentrations of DB 84 were 100 and 200 mg/L.



RESULTS

Table 1 presents the findings of ozone decomposition in the drinking water. Ozone

decomposition degrees depended markedly on the gas flow rate if the reactors did not

contain the catalyst. When the catalyst was introduced into the reactor the changes of

a values were insignificantly in all of the gas flow rate range.

The results of DB 84 solutions decolorization are presented in Table 2. As it is

shown practically full decolorization of dye solutions was obtained in the single fine

dispersion reactor. Also, 80 per cent and higher value of ozone utilization was

determined. Lower values of ozone utilization were obtained in the two joint reactors,

when air-ozone mixture was first bubbled in the great dispersion reactor with catalyst

and then gas was passed through the fine dispersion column (the dye solution was

delivered in complete counter-current). These facts and others findings from Table 2

pointed out the advantage of joint reactors system in comparison with the single

barbotage column. In addition, low ozone utilization values near 50 to 60 per cent give

in this case much better possibilities of ozone utilization from effluent gases. Unreac-

ted ozone may be used for preozonation of raw solution or wastewater.

CONCLUSIONS

It was stated that catalyst introduced into the reactor caused favourable of ozone

utilization conditions.

Process parameters were much better in two joint reactors than in the single fine

dispersion reactor due to using of catalyst in this system. In order to obtain more

informations about this system is necessary to continue this work. We hope to do it in

the future.



Table 1. Ozone decomposition degrees - a - in drinking water

Gas flow rate
NmVh

40

60

80

100

120

Ozone decomposition degrees - a - in drinking water

Great dispersion reactor

with catalyst

46

40

36

38

without catalyst

18

21

32

52

64

Fine dispersion re-

actor

without catalvst

10

22

36

50



Table 2. Ozonation of direct Blue 84 solutions

Dve concentration, me/1

Flow rate air-ozone mix.Nm /m h
dye solution m /m2h

Ozone concentration
in the gas stream, mg/1

initial Co

finalC

Ozone dose, ma Oa/mR of dye

Ozone consumption, mg 03/mg of
dye

Ozone utilization, per cent

Decolorization degree of dye solu-
tion, per cent, 0

Fine dispersion reactor
without catalyst

100

20

4

15.2

0,4

0.76

0.74

83.5

97

100

20

3

32.5

6.4

2.17

1.74

80

100

Two joint reactors sy-
stem with catalyst in
the great dispersion re-
actor

200

40

4

21.7

10.8

1.35

0.58

50

96

200

40

1.5

19.5

7.2

2.6

1.6

63

99



DETERMINATION OF HARMFUL SUBSTANCES

IN THE LIWIEG RIVER IN POLAND

J. Jarosayhsfca, K. Qprsadek, W. Zalewski

Institute of Chemistry, Agricultural and Teachers University,

ul. 3-Maja 54, 08-110 Siedlce, Poland

The Liwiec river is 130 kms long . It is an affluent of

the Bug river. The river wells in marshes and quagmires that

are localized in the east of Siedlce. It flows across typical

agricultural areas far from towns. There are two places where

communal sewers pollute the water of the Liwiec river <at the

31** and the 80** km of the river section).

From January to May 1991 water the Liwiec river was

investigated at the 19*H to 47trt km river section.

The samples were always taken in the same places in the

vicinity of following villages: Wycsdlki, Pruszynek, Golice,
Y "A" T~~Pur sec, Chodow, Kisielany, Mokobody (see the Fig. 1.). (> V'U J.

The concentration of heavy metals (Fe, Mn, Zn, Cu, Ni, Co, Pb,

Cd), chlorides, nitrates, nitrites, dissolved oxygen, biochemi-

cal oxygen demand (after five days), dissolved compounds and pH

were analysed. The results of the analysis are presented in the

Figures 2 and 3.

The curves present an arithmetic mean results of the chemical

analysis.

The Table 1 contains the values of the admissible pollutants

concentration for the three classes of the water purity in

Poland. The obtained results of the chemical analysis of the

Liwiec water are also given in the Table 1.

The obtained data helped us determine the purity of the Liwiec

river as the second or third purity class.



Table 1.

The permissible limit of pollutants established by Polish

Ministry of Environment Protection

Dissolved oivqen

9iacheucal oiyqen deund

Chlorides

Dissolved coioounds

Suspension

PH

Nitrates

Iron

Nanganese

leid

copper

Zinc

Cadaiua

Hick*]

Concentra-

t ion

•9 0,/dr5

•Q 0,/di3

•9 CI/oV

•g/dt

•q/di>

• q N * /d«»

•q/dl*

• •

• •

t •

• •

• •

• •

A permissible limit

1 class

) 6

( 4

(250

(500

<20

4.5 • 9.0

(1.5

(1.0

<0.1

(O.t

(0.01

<0.01

(0.005

<1.0

II class

> 5

( a
(390

(1000

(JO

6.5 - 9.0

(7.0

(1.5

(0.3

(0.1

(0.1

(0.1

(0.03

(1.0

I I I class

; 4

( 12

(400

(1200

(50

6.0 - 9.0

(15

(2.0

(0.8

(0.1

(0.2

(0.2

(0.1

(1.0

The Liwisc

w a t e r

3.0 - !2.0

0.4 - 7.3

42 - 130

243 - 460

1.5 - 32

7.1 • 8.2

0.25 - 2.7

0.06 • 1.53

0.06 - 1.05

0.03 - 0.1

0.001 - 0.017

0.05 - 0.75

0.001 - 0.007

0.003 - 0.07

The results of the water analysis were used for calculate

partial quality indexes of the water C13.

The water partial quality index, x, and the concentration, c

«mol/dm3), are linked sach equations:

ft?.*" rfisscj sed cxvgen

if c = l then :: = 0

if 1 c =4 then ..• = i|? <c-l)3

if 4- c =6 then >: = 25c-75

if 6 c =3 then >: = -6.25c= + 100c - 30O

if c 3 then x = 100



t-i?>"" &i£>cne<vicdi o\'\gen d&mand tarter five dnvs>

I f C =2, .: = 100

i f 2- c =4, .! = (3c a -2ac+76) c ^"

i f 4- c =12, :: = -6.25+100

i f 12- c =20, >< = <c=-40c+400)*n

i f c 20, >; = 0

for pH

if c =5.5, •: = 0

, i c =_ .- , o =• .. = _->=;r2 + •'•7=;,- _ •22c&

i f c =9.5, x = 0

for suspensions

i f c =18.3, x = -0.0674525c3 - 0.13224c + 100

i f c -18.3, x = 141.42<2-»-':'8I<=)

for dissolved compounds

if 0- c =293,e >i = 100

if 293-. c =1000, .: = 0.0001c= - 0.2c +• 150

if 1000- c < 1232, x = 0.000625ca •»• 1.25c - 575

if c 5 1232, x = 0

for c hi or l des

if c =" 100, x = 100

if 100< c .500, x = -0.25c + 125

if c =500, x = 0

for mtrstes

i f c =1.25, .: = 100

if 1.25- c -:20, .-: = =~r 1

if c =20, >: = 0

for iron

if c =0. 5, >: = 100

if O.5< c =2.0, x = -50c + 125

if 2.0< c '3.0, .: = 25 <c - 3) =

l f c = 3. 0, x = 0



if c 0.036, •: = too

if 0.036* c >2.3, x = -24 In c + 20

if C ̂ 2.3, :: = 0

if c - 0 . 0 1 , x = 100

if 0.01- c v0 .21 , x = -32.306 In c - 51.15

2 f c ' . " ' . 2 1 , >: = 0

fc-- copper

if c ^0.021, :; = 100

iF 0.021-'. c <0.43, x = -31.85 In c - 23.33

i f c ^0.48, x = 0

for zinc

if c ^0.2, >: = 100

if 0.2<> e ^7 .3 , s = - 27,28 In c + 56.09

if c 7.3, x = 0

fe" cadmium fug/dm^1}

if c - 3 , x = 100

if 3'. c <48, >: = -36.06 In c + 139.6

if c ^48, >: = 0

«3f nickel

i f c -0.021, ;: = 100

if 0.021<- c 0.4S, x = -31.31 In c - 23.33

if c ^0.48, :: = 100

The. to ta l water quality index (IJW) vgere calculated by harmonic

square mean C23:

tL
were xt = partial quali-

ty index of the

water

N = numerous sample

For example, the determined results of the total quality mde::

of the water are presented on Fig. 4. L£&



Cone 1 usion

It fallows from our investigations that the Liwiec is nearlv

proportlonalv polluted on the all length.

The main its pollutants are:

- the domestic sewages from farm which are located near the

river,

- the increase of inorganic fertilisers,

- the municipal and industrial wastes from Siedlce which are

only partialv purified.
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1. The map of places •Pram which samples of

water were tal-en.

Figure 2. Dissolved oxygen, biochemical oxygen demand

and chlorides concentrations in the Liwiec riser.

Figure 3. The contents of nitrates, nitrites and dissolved

compounds in the Liwiec river.

Figure 4. Qualification of purity degree of the Liwiec river

by water quality index method Cl,23;

perfect (91 - 100), good <71 - 90), middle <51 - 70>,

bad <24 - 50), very bad <0 - 25) C33.
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THE USE OF THE ION EXCHANGERS FOR THE RECOVERY OF NICKEL

FROM WASHERY EFFLUENTS AITER THE PROCESS OF NICKEL

PLATING

A.Jozwiak, Z.Gorzka

INSTITUTE OF GENERAL AND ECOLOGJCAL CHEMISTRY

TECHNICAL UNIVERSITY OF LODZ, Lodz, ui.Zwirki 36, Poland

Abstract

A considerable decrease in the amount of wastewaters and a reduction in the costs

in the nickel plating process can be achieved using ion exchange for recovery of nickel

from washery effluents and recycling it into the bath again.

The results of equilibrium and dynamic investigations and the knowledge of the

kinetics of the H+/Ni2+ exchange for both the ion exchangers are decisive of the

possibility of using the ion exchangers Wofatit KS-10 and Wofatit KPS for the removal

of nickel ions from washery effluents. As effect of temperature on the rate of the

H+/Ni2+ exchange over the range of 293-313 K, of the acidity of the solution from 0

to 1.0 mole/dm3 of HCI and of the initial concentration ofNi/II/ over the range of

0.05 - 0.7 mole/dnr have been studied. The state of equilibrium was attained in all the

experiments in the time of 2 hours. It has been found that the concentration of

hydrochloric acid contained in the solution over the concentration range investigated

does not affect the kinetics of the H+/Ni2+ exchange but it has an effect on the

equilibrium of the exchange. Basing on the investigations carried out it can be

supposed thet internal diffusion, that is transport of Ni/II/ ions inside the ion exchanger

is decisive of the rate of the H+/Ni + exchange process under the conditions used in

the experiments made both for Wofatit KS-10 and Wofatit KPS. Investi- gation of the

H+/Ni2+ ion exchange under the dynamic conditions on both cation exchangers

aimed at determination of the effect of the hydraulic load and the counter-ion effect

on it. Over the range of loads of 4.3 - 16.8 m3/m3h no changes in the course of the

H+/Ni + exchange process were observed.

The results obtained point to the possibility of effeecient recovery of Ni/II/ions from

washery effluents from the nickel plating process using both Wofatit KS-10 and

Wofatit KPS.



Problem:

In the recent years the problem of raw materials management and environmental

protection have brought about a substantial change in the views on questions of

treatment and reclamation of electrolytic baths. Great importance is also attached to

the recovery of valuable substances contained in used washery effluents and to

recycling them for the re-use in the technological process [1,2,3,4).

A considerable decrease in the amount of wastewaters and a reduction of costs of

the nickel plating process can be achieved by employing ion exchange for the recovery

of nickel from washery effluents and recycling it into the bath. This also allows a

considerable decrease in water consumption and closing the cycle of washery efflu-

ents. The possibility of use of ion exchangers Wofatit KS 10 and Wofatit KPS for the

removal of nickel ions from washery effluents depends on the results of equilibrium

and dynamic tests and on the knowledge of ihe H+ /Ni2 + exchange kinetics for both

these ion exchangers.

Methods of measurements

The apparatus for the kinetic studies was composed of a flask, a thermostating

system and a magnetic stirrer. Air-dry ion exchangers in the hydrogen form were

weighed with an accuracy of up to + 0.1 mg. Then 10 cm of demineralized water was

added, the flasks were covered and allowed to stand for 24 hrs. Such a method of

preparation of the samples guarantees that the cation exchanger swelling process has

no effect on the ion exchange. After this time a solution of Ni/II/ was introduced into

the flask and then the solution was sampled for the analysis with a micropipette at

definite intervals of time. In the samples taken Ni/II/ was determined [5]. In the

experiments aiming at investigating the effect of temperature, Ni/II/ initial concentra-

tion and acidity upon the kinetics of the H+ /Ni2 + exchange such an amount of ion

exchangers was used that the following ratio was maintained:

a) =CV/CV = z m ] / CV= 1

where:

C - the concentration of ionogenic groups in the ion exchanger phase,

V - the volume of the ion exchanger phase,

C - the Ni/II/ solution concentration,



V - the volume of the Ni/II/ solution used,

2 - the gravimetric exchange eapacit.,

nis- the dry ion exchanger mass.

The investigations of the H+ /Ni ion exchange in the dynamic conditions were

carried out in glass ion exchange columns using ion exchangers in the hydrogen form.

Regeneration of the ion exchange bed was made with 10% hydrochloric acid.

Results of the experiments and their discussion

The effect of the hydraulic load /Qh/ on the course of the H + / N i 2 + ion exchange

on both ion exchangers was investigated in the dynamic conditions.

Over the range of loads of 4.3 • 16.8 m /m" h no changes in the course of the H+ /Ni +

exchange process were observed, which is ilustrated in Figs 1 and 2.

The influence of the counter-ion effect on the H + / N i 2 + exchange dynamics for both

ion exchangers is presented in Figs 3 and 4. The investigation of the counter-ion effect

was carried out for Oh = 15.6 nv/m'h and the concentration of nickel /II/ of 0.100

mole/dm3. As can be seen, the presence of H + ions at a concentration of up to 0.05

mole/dm has no effect on the H +/Ni exchange dynamics. Over the ranges of values

of the hydraulic load and concentrations of H + ions in a solution containing Ni/II/, the

H+ /Ni ion exchange process can be conduced efficiently both on Wofatit KPS and

KS-10. The operation of ion exchangers was tested during ten ion exchange cycles.

One operation cycle comprised a complete breakthrough of the ion exchange bed,

rinsing with distilled water, regeneration with 10% hydrochloric acid and repeated

rinsing of the ion exchange bed with distilled water until neutral reaction was reached.

The results obtained are illustrated by Figs 5 and 6. It was found that there was no

difference in the course of each cycle of work. Exchange capacity of both ion exchan-

gers did not change in each cycle of ion exchanger work.

The course of the H +/Ni + ion exchange during the first two cycles is slightly different

from the other ones. This is probably related to the exhaustion of the ion exchangers.

The investigation results obtained indicate the possibility of using both ion exchangers

for removal of Ni/II/ ions from washery effluents, with applying Wofatit KPS as well

as KS-10. After ion-exchanger regeneration, Ni/II/ can be recycled again to nickel

plating.



The effect of the initial concentration of Ni/H/ over the range of 0.06 - 0,30 mole/elm1

on the kinetics of the l l+ /Ni2 + ion exchange for Wofatit KPS is presented in Fig,7,

while for Wofatit KS-10 in Fig.8. As can be seen in the figures, the degree of attaining

the equilibrium state does not depend on the initial concentration of Ni/II/ over the

range investigated for both ion exchangers. The degrees of attaining the state of

equilibrium {U) were calculated from the following! formula:

U = (Co-Ci)/(C«-Cr)

where:

Co- concentration of the Ni/II/ solution used for the experiment,

Ci- concentration of the Ni/II/ solution after the time r of the contact with the ion

exchanger,

Cr-concentration of the Ni/II/ solution in the state of equilibrium.

The effect of temperature over the range of 293-313 K on the H+/Ni2 + exchange

kinetics for the ion exchanger Wofatit KPS is shown in Fig.9, while Fig. 10 presents the

H+/Ni2+ exchange rate for Wofatit KS-10. The experiments carried out have shown

that the degree of attaining the state of equilibrium for Wofatit KPS and Wofatit

KS-10 only slightly depends on the temperature, this dependence being more distinct

for Wofatit KS-10.

Hydrochloric acid of concentrations of 0.025 • 1.0 mole/dm3 contained in the solution

did not affect the kinetics of the H+/Ni exchange for the ion exchanger Wofatit

KPS or Wofatit KS-10. This dependence is illustrated by Figs 11 and 12. It does affect,

howewer, the exchange equilibrium, which is proved by the equilibrium concentra-

tions of nickel /II/ presented in Fig. 13. Basing on the investigations carried out, it can

he seen that under the condition of the experiments performed for both ion exchan-

gers the rate of the process depends mainly on the internal diffusion, i.e. on the

transport of Ni ions inside the ion exchanger [6j. At room temperature and higher

/293-313 K/ the reaction proceeds practically until the state of equilibrium is attained

in less than an hour.

Summary

The investigation results obtained indicate the possibility of using both ion

exchangers for the removal of Ni/II/ ions from washery effluents. This allows recycling

them into the bath and a considerable decrease in the water consumption by closing



the cycle of wnshery effluents. For both ion exchangers the rate of the process depends

mainly on the internal diffusion, i.e. on the trasport of Ni2+ ions inside the ion

exchanger. At room temperature and higher the reaction proceeds until the state of

equilibrium is attained in less than an hour.
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Figures

Fig. 1, The effect of the hydraulic load on the dynamics of the H+/Ni exchange on

the Wofatit KPS. T = 293 K. Curve 1 - Qh = 4.3 m 3 / m \ curve 2 • Qh= 16.8 m3/m3h.

Fig.2. The effect of the hydraulic load on the dynamics of the H+/Ni2+ exchange on

the Wofatit KS-10. T = 293 K. Curve 1 - Qh= 4.3 m V h , curve 2 - Qh = 16.8m3/m3h

Fig.3, The effect of the Ni/II/ solution acidity on the dynamics of the H+/Ni2+

exchange on the Wofatit KPS.T = 293 K. Curve 1- C HC1= 0.00 mole/dm3, curve 2 -

C HCI=0.02 mole/dm3, curve 3 - C HCI =0,05 mole/dm3.

Fig.4. The effect of the Ni/II/ solution acidity on the dynamics of the H+ /Ni2 +

exchange on the Wofatit KS-10. T = 293 K. Curve I - CHCI =0.00 mole/dm3, curve 2

- C HCI=0.02 mole/dm3, curve 3 - CHCI =0.05 mole/dm3.

Fig.5. Exchange curves H+/Ni2+ in individual working cycles of resin Wofatit KPS. T

= 293 K. Curve 1 - one cycle, curve 2- 2 cycles, curve 3 - 5 cycles, curve 4 -10 cycles.

FIg.6. Exchange curves H+/Ni2+ in individual working cycles of resin Wofatit KS-10.

T = 293 K.Curve 1 -one cycle, curve 2- 2 cycles, curve 3-5 cycles, curve 4-10 cycles

Fig.7. The effect of the Ni/II/ initial concentration on the H+ /Ni2 + ion exchange

kinetics on the Wofatit KPS. T = 313 K.

Fig.8. The effect of the Nifll/ initial concentration on the H+/Ni2 + ion exchange

kinetics on the Wofatit KS-10. T=293 K.

Fig.9. The effect of temperature on the ion exchange kinetics on the Wofatit KPS

cation exchanger. CNJ= 0.07 mole/dm3.Curve 1 - 293 K, curve 2 - 303 K,

curve 3-313 K.



Fig, 10. The effect of temperature on the ion excgange kinetics on the Wofatit K.S-10

cation exchanger.CNi^ 0,07 molc/dnv\Curve 1 - 2<J3 K, curve 2 - 303 K, curve 3 - 313K

Fig. 1 l.The effect of the Ni/ll/solution acidity on the 11 /Ni exchange kinetics on

the Wofatit KPS. CNJ = 0.07 mole/dnv\ T = 293 K.

Fig.12.The effect of the Ni/ll/ solution acidity on the H+/Ni2+ exchange kinetics on

the Wofatit KS-10.CNJ= 0.07 mole/dm3.T = 293K.

Fig.B.Exchange curves of Wofatit KPS H+/Ni2+ depending on the time. T = 293 K.

CNi = 0.07 mole/dm3. Curve 1 - C nci= 1.00 mole/dm3, curve 2 - CHCI = 0.50

mole/dm , curve 3 - CHCI =0.10 mole/dnv, curve 4 - CHCI =0.05 mole/dm , curve 5

- C HCI =0.025 mole/dm3.
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DETERMINING INHIBITION POTENTIAL OF WASTEWATERS BY MEANS OF A
COMPUTERIZED RESPIROMETER AND A STANDARDIZED MICROBIAL CULTURE

Martha I. Beach, Pres. N-CON Systems Co., Larchmcnt, NY,
Fernando Cadena, Prof., New Mexico State University, Las Cruces, NM,
Linda M. Troop, Polybac Corporation, Bethlehem, PA, USA

ABSTRACT

Although many chemicals and chemical compounds can be treated by biological
processes, great care must be taken to assure that discharges do not exceed the
capability of the biomass in the treatment facility. Monitoring the oxygen uptake rate
(OUR) of trade wastes and prompt determination of their inhibition potential can
prevent costly upsets.

In order to be effective, a monitoring technique should be rapid, accurate,
reliable, and require minimum operator time and skill. The method described is based on
several established comparative tests, buc simplified by using oxygen uptake rate (OUR)
data generated and interpreted by a computerized respirometer using a commercially
available, standardized, broad spectrum microbial culture.

The availability of a standard bacterk culture enhances the repeatability of OUR
tests and is essential for correlating the effects of wastes in various parts of the world.

INTRODUCTION:

In many instances the failure of waste treatment plants to meet their effluent
permit limits has been traced to wastes from industrial operations that inhibit the
biological activity of the activated sludge microorganisms. In addition, there is
increasing interest in bioremediation as a means of cleaning groundwater, and leachates
from waste sites. This has directed attention to the effects of various materials on
biological treatment systems, as well as the ability of microorganisms to break down
complex materials.

In spite of the fact that most engineers generally refer to activated sludge or
biomass in the singular, microbiologists and bio-process engineers are quick to point out
that activated sludge consists of an innumerable and diverse population of aerobic
microorganisms. These microorganisms consume the carbonaceous material in the
wastewater if they are healthy and have sufficient nutrients and oxygen available.

WHAT IS INHIBITION POTENTIAL?

Toxicity can not truly be defined as an absolute. We should think more in terms
of functional toxicity or inhibition potential. Inhibition potential takes into account the
form and concentration of the substance, exposure time, type and condition of the



exposed specie(s). Inhibition occurs when a substance or substances cause reduced
metabolism in che subject organism(s) resulting in reduced activity and/or food intake,
inability to reproduce, or death.

BIOMONTTORING TECHNIQUES

A wide array of biomonitoring techniques have evolved for determining the
effect of creatmenc plant effluent on receiving waters. The best known are those
involving various species of fish and invertebrates. However, such tests are not
appropriate for determining the toxic or inhibitory effects of incoming materials on che
waste treatment plant's biological processes. For this purpose researchers have found
that respirometry, using seed or inoculum frcm an activated sludge process is one of the
most sensitive for determining the effect of pocencial toxic materials on the biological
processes of a wastewater treatment plant.

BACKGROUND OF WASTEWATER RESPIROMETRY

The use of respirornetry to study che oxygen consumption of waste treatment
processes dates back to the middle 1920s with the Warburg and Sierp manual
respirometers. Montgomery1 describes a variety of respirometers developed in England,
che United States, Europe and South Africa during the 1950s and 60s to aid in che
determination of biochemical oxygen demand (BOO/5). In I960 Jenkins" observed chat:
"Use of manomecric (respirometric) methods for determination of BOO would eliminate
any errors introduced by dilution, would give a quicker answer, and if a standard
apparatus to study large volumes (500-1000 ml) of respiring liquid, could be developed,
the course of oxidation of a representative sample of the liquid could be followed by the
changes in the chemical nature of the samples, as well as by observing directly the
exact course of oxygen-uptake." Observation of oxygen uptake rate Is also of prime
concern for activated sludge biokinetics and determining inhibition potential or toxicity.

SOURCES AND CORRECTION OF ERRORS

Because respirometers depend on measurement of minute changes in vacuum in a
closed reactor caused by the respiration of bacteria, they are necessarily sensitive to ail
types of pressure changes. Temperature and atmospheric changes, as well as leaks, are
the prime causes of error. Errors caused by temperature changes are relatively simple
to control with constant temperature water baths or incubators. Such errors may also be
compensated for mathematically. However, because of their dynamic nature over time,
it is virtually impossible to compensate for atmospheric pressure variations, whether
caused by weather, operation of lab vents or opening and closing doors. It is therefore,
essential that the reference side of the sensor be isolated from changes in atmospheric
pressure, particularly for tests lasting more than a few hours. In 1984 Drohoybczer and
Cadena developed a new respirometer with a pressure reference that could be sealed at
the start of each test. This system eliminated errors caused by atmospheric pressure
changes. Oxygen is supplied by a precisely regulated source and delivered to each
reactor by its own individually calibrated oxygen metering device (OMD). Oxygen
delivery is controlled and monitored by the system computer.



COMPUTER CONTROL OF RESPIROMETER FUNCTIONS

The combining of a personal computer with the pressure compensated
respirometer creates a unique system in which the computer controls the delivery of
oxygen to the reactors, collects, stores and produces numeric and graphic displays of
the data generated. During the test(s), accumulated oxygen demand, as well as oxygen
uptake rate, are displayed on the monitor. Cadena reported on the development of the
instrument, called a PCBOD, at the Purdue Industrial Waste Conference in 1983. This
respirometer, is manufactured and marketed by N-CON Systems as the Comput-OX
Wastewater Respirometer in 2, 4, 8 and 12 reactor models.

BENEFITS OF A STANDARD BIOCULTURE

Reduction of instrument errors has increased attention on the need for
standardized biological test procedures. The organisms used in respiration measurements
range from fish to microorganisms. Regardless of size, the presence of toxic materials
disrupts normal metabolism, hinders respiration or kills the test organisms. Single
species tests are often too sensitive to provide repeatable results when exposed to a
wide variety of potentially toxic substances. If respirometry is to take advantage of the
sensitivity of microorganisms, it is essential to maintain a reliable source of healthy,
broad spectrum population. For comparative purposes it is also essential that the
culture be representative of microorganisms found in both industrial and domestic
wastewater treatment plants and provide reproducible results.

The Organization for Economic Cooperation and Development's OECD Guidelines
for Testing of Chemicals. Test 30IC "Ready Biodegradability: modified M1TI Test (I)",
describes a complex activated sludge seed taken from 3 city treatment plants, 1
industrial waste plant, 3 rivers, 1 lake and 2 inland seas in various locations in Japan.
An attempt to simplify sludge seed collection by using the return activated sludge of a
single treatment plant has been documented by Magliette.4 Research by Cadena,
Jacquez and Zachritz using a commercially available dried, standardized microbial
culture, indicates that it provides a simple to activate, broad range seed. The stability
and repeatability of this seed also minimizes the number of blanks that must be run and
provides international comparability of results.

The following graphs show the effect of single chemicals in varying concentrat-
ions on a commercially available, broad-based microbial population. This has proved to
be a highly repeatable reference culture6. AH data was collected using an N-CON
Comput-OX respirometer.
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GENERAL DESCRIPTION OF EQUIPMENT

Comput-OX respirometer operation is based on the pressure drop generated by
microbial respiration in the presence of potassium hydroxide (KOH). Oxygen becomes
depleted in a sealed reactor as respiration takes place and carbon dioxide is released.
The carbon dioxide produced by the metabolic process is removed by a KOH trap,
creating a slight pressure drop in the reactor. This pressure drop is sensed by a
specially designed transducer which transmits a signal to the computer. The ccmputer
responds by releasing a precisely calibrated pulse of oxygen to reestablish equilibrium in
the reactor. The frequency, mass and volume of the oxygen delivered to each reactor is
recorded by the computer and may be viewed in numeric or graphic form during
operation. ASCII files of each test are maintained by the computer for future use or
transfer to other data processing programs. Tests in individual reactors may be started,
stopped, samples of gas or liquid removed or added and results viewed without effecting
other reactors.
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RELATIONSHIP BETWEEN LIVESTOCK ACTIVITIES AND NITROGEN
COMPOUNDS IN THE AQUIFERS OF THE ASTURIAS AND CANTABRIA
PROVINCES (SPAIN).

Navarrete, P. u™,,™,. T^™,^.,.
Arenas, M.; Martin, G. <*„»,,.... .— .̂ .i «.««. — .r~..«.«
Virgos, L. c,™...,—.<*, „ Q..«,« « .«

ABSTRACT.

This report presents the results of the analysis of
nitrogen compounds (nitrate, nitrite and ammonia) on ground-
water supplies in Asturias and Cantabria, two stock breeding
provinces located in northern Spain.

An evaluation of the contaminant load generated by
breeding wastes, in terms of nitrogen contents, has been
carried out.

Samples were collected in springs and wells using the
in-place pumps. Physical properties and nitrogen compounds
were "in situ" determined.

The results of the analysis indicate low concentrations
of nitrate and nitrite ions, but in some cases significant
concentrations of ammonia, which origin is attributed to the
farmer's wastes spilled in the neighbourhood of the springs
over high vulnerable aquifers with a low soil protection.
Nitrate concentration agrees with the calculated nitrogen
loads generated by livestock wastes.

INTRODUCTION.

The stock breeding activities in the provinces of As-
turias and Cantabria generate important quantities of resi-
dues able to pollute the groundwaters.

There are many karst areas in which the leachate can
reach rapidly the groundwater.

Special risks are caused by the practice of piling up
the manure on the soil surface and, the most important, the
injection of residues into the vadose zone and aquifers.

The theoretical nitrogen concentration of the infiltra-
tion water can be estimated by the amount of this chemical



ANIMALS
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Adult

HORSE
Young
Adult

PtG
Young
Adult

CHICKEN

RABBIT

DAILY MANURE PROD.
(Kg/day/viimtl)

SOLIO

16.0
22.0

0.6
2.5

0.6
2.5

4.0
20.0

1.2
3.6

LIQUID

10.0
12.0

1.2
5.0

1.2
5.0

1.0
5.0

1.S
5.5

0.16

0.23

NITROGEN CONCEN-
TRATION (5)

SOLID

0.35
0.35

0.30
0.30

0.30
0.30

0.5
0.5

0.5
0.5

LIQUID

0.7
0.7

0.30
0.30

0.30
0.30

1.2
1.2

0.4
0.4

1.40

1

NITROGEN LOAD
(g/day/animsi)

AS N At NOa

126 S56
163 722

5 22
22 97

5 22
22 97

32 142
160 709

13 58
4tf 177

2.2 9.7

2.3 10.2

BOO, LOAD
(Kg/year/
animal )

320

25

30

ZOO

45

1.6

S.S

Table 1: Theoretical pollution load from livestock

Agricultural
regions:

ASTURIAS:
Uegadeo
Luarca
Cangat del Narcea
Grado
Bclmonte de Miranda
Gi jon
Oviedo
Hieres
Llanes
Cangas de Cnis

TOTAL ASTURtAS

CANTA8RIA:
Costera
Lictsana
Tudanca-Cabuermga
Pafiguna
A*6n
ftainosa

TOTAL CANTAIRIA

MANURE BOO, NITROGEN
(•atria tons Cta/year) (tn/ytar)
/ > Aa N At NO,"

99215 4708
46S418 22JJ6
496674 23578
282130 13415
152729 7224
455802 21700
375779 17936
261986 12*32
286912 13744
193436 9332

3070081 146185

1499229 71634
98571 4806
128667 6137
451496 21487
176986 8455
173389 8301

2528338 120820 22275 98644

902
4177
4488
2536
1385
4159
3308
2356
2524
1816

276*9

13051
924
1172
4021
1554
1550

3997
18473
19878
11231
6135
18422
14651
10435
11179
8044

122445

57797
4096
5191
17809
6883
6868

Table 2: Livestock pollutant load in
Asturias and Cantabria.



and the volume of water that percolates towards the ground-
water.

METHODOLOGY.

The amount of residues produced by the livestock is
calculated by multiplying the number of animals of each
specie by the "Daily Manure Production" from Table 1. The
pollutant load (Nitrogen, BODs) is obtained in a similar
way. Results are indicated in Table 2.

A total of 237 points were analysed: 118 in Cantabria
and 119 in Asturias. The points correspond to municipal
supplies using groundwater, in most cases springs and a few
number of wells.

Ion-selective electrodes where used for the Hin-situ"
nitrate and ammonia analysis. Nitrite was determined using a
colourimetric test kit. Also "in-situ" where determined the
physical properties (temperature, conductivity, pH) and the
dissolved oxygen concentration.

POLLUTANT LOAD OF NITROGEN COMPOUNDS.

The final nitrogen concentration in groundwater is a
function of the compounds added, but it depends also on the
dilution with the total volume of recharge water (mainly the
useful rainfall = rain less evapotranspiration).

The "Nitrogen Potential Concentration Coefficient
(NPCC)" has been defined. It is indicative of the greatest
concentration of N that can percolate through the soil to
the groundwater:

Nitrogen load (kg/year)
NPCC = * 100

Useful rainfall (mm/year) * Area (hectares)

This coefficient does not take into account neither the
autodepuration processes, nor the extraction of nitrogen by
crops.

Table 3 indicates the NPCC of the regions of the two
provinces. The higher values are located in the coastal
areas and valleys, and the lowest in the mountain regions
(Figures 1 and 2).



Agricultural
regions:

ASTURIAS:
VCgadeo
Lu<rci
Cangas del Narcea
Graao
Selnonte de Miranda
Gijon
Oviedo
Mieres
L lanes
Cangas dt Onis

TOTAL ASTUWAS

CANTAU1A:
Costtra
Liftbana
Tudanca-Cabuern tga
PWlgUfia
Ason
Rtinosa

TOTAL CANTABR1A

NITROGEN
(Mtric
A* N

902
4171
4488
2536
1385
4159
3308
2356
2S24
1816

27649

13051
924

1172
4021
1554
1550

22275

LOAD
tons/year)

A* NO,

3997
18473
19878
11231
6135

18422
14651
10435
11179
8044

122445

57797
4096
5191

17809
6883
6o6B

98644

USEFUL
RAINFALL
(urn/year)

650
517
750
514
578
411
470
6H>
620
793

786
629
787

1033
1250
618

AREA
(hectare!)

53549
107221
214964

77425
100471
89838
88530

143773
78733

101924

1056428

169733
57423
69823
86653
44706

100518

528856

NITROGEN POTENTIAL
CONC.
Aa N

2.59
7.53
2.78
6.37
2.39

11.27
7.95
2.54
5.17
2.25

9.78
2.56
2.13
4.49
2.78
2.50

COEFFICIENT
AS NOs

11.5
33.3
12.3
28.2
10.6
49.9
35.2
11.2
22.9
10.0

43.3
11.3
9.4

19.9
12.3
11.1

Table 3: Calculated Nitrogen Potential Concentration
Coefficient (NPCC) values.

ASTURIAS

Sampling I
(March, 1990)
Sampling II
(oct.-nov. 1990)

CANTABRIA

Sampling I
(March, 1990)
Sampling II
(oct.-nov. 1990)

NITRATE
GEOMETRIC
MEAN
( m g / 1 NO 3~)

2 . 0 5

4 . 0 6

5 . 0

5 . 2 5

NITRATE
GEOM. STAND.
DEVIATION
(mg/1 N03-)

0.65 - 6.5

1.7 - 12.5

1.8 - 13.0

1.3 - 21.0

Table 4: Nitrate statistical values



NITROGEN CONCENTRATION IN GROUNDWATER

The results of the analysis of nitrogen compounds
(NO3~, NOa", NIU*) in groundwater supplies show in most
cases low concentrations of these chemicals. However, in
some cases, the ammonia reaches important values, occasio-
nally over the Spanish limit for drinking water.

The contents of NH* are greater in the first sampling
sequence (March, 90), and disappear in the second sampling
(Oct.-Nov, 90). This behaviour is attributed to the special
weather conditions at that time, with a drastic drought.

Nitrate concentrations in groundwaters of Asturias and
Cantabria have a geometric mean and geometric standard de-
viation shown on Table 4. This table indicates an increment
in the values in the second sampling, focused in those areas
in which the first sampling has shown tne highest concentra-
tions .

Figures 3 to 6 represent the distribution of N03~ con-
tents. The isoconcentration lines indicate increments in
this chemical in the coastal and valley areas. This beha-
viour agrees with the prevision made with the NPCC calcula-
ted before.

CONCLUSIONS

The results of this work give out the following con-
clusions:

* The nitrogen load generated by the livestock residues
reaches 27650 tin/year in Asturias and 22300 tin/year in Can-
tabria .

* The "Nitrogen Potential Concentration Coefficient"
(NPCC) calculated can be used to predict which areas will
receive the highest concentrations of nitrogen compounds and
then the ones that will have the long-term greatest risk of
groundwater pollution.

* In general, there is a coincidence in the predictions
made with the NPCC coefficient and the results of the ana-
lysis of nitrogen compounds. The exception are those areas
where the aquifers are protected by layers of less permeable
materials.

* The groundwater quality of public supplies, refered
to nitrogen compounds, can be qualified as acceptable, in
spite of the ammonia concentrations. Ammonia can be oxidized
to nitrate in presence of oxygen; so, we suppose in most
cases the water can be easily depurated.
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EXPERIMENTAL APPROACH TO MONITORING THE PRESENCE AND
MOVEMENT OF PESTICIDES IN UNSATDRATED ZONE AND GROONDWATER.

Navarrete, P.; Jimenez, J.R.; Aroca, E.
(Instituto Tecnologico GeoMinero de Espafla).

Beltran, J.; Esteller, M.V.; Hernandez, P.; Morell, I.
(Environmental & Natural Resources Laboratory, Universitat
Jaume I, Castellon).

ABSTRACT.

An experimental work to determine the presence and
movement of pesticides and related compounds in soil
solution and groundwater is made in a citric crop field in
the Plana of Castell6n (Spain).

A hydrogeological study of the whole aquifer has been
carried out, to determine the hydrodinamic parameters
affecting the behavior of the pollutants in the unsaturated
and saturated zones, with emphasys in the lithological
distributions, both vertical and horizontal, in the experi-
mental field.

The whole study includes the analysis of several water
samples from the unsaturated zone at different depths,
between 0.2 and 3.4 meters, and groundwater samples from
two wells close to the experimental field. Moreover, several
samples of soil were also collected and analyzed for their
caracterization.

The procedure to collect soil solution samples was
carried out by using pressure-vacuum soil samplers,
consisting in PVC or stainless steel probes with porous
ceramic cups. The vacuum within the sampler causes the
moisture to move from the unsaturated zone through the cup.

Several pesticides widely used in the area, at their
recommended doses, were spread in the field and irrigation
was made at the habitual rates for citric crops. Pesticides
studied included organophosphorus and organochlorine
insecticides, and phenoxyacid herbicides.

Samples were collected monthly and given to the
laboratory to analyse.

1. HIDROGEOLOGY

The experimental field is located on the Plana of Cas-
telldn aquifer, in the eastern coast of Spain (Fig. 1).

In outline, detritical materials of tertiary and
quaternary age are disposed discordantly on the mesozoic
substratum of limestones and sandstones.

The aquifer is formed by gravel and conglomerate
wedge-shaped which thickness reach up to 200 meters. Several
layers of clays can be distinguished with a irregular
geometry, so that a multilevel aquifer is formed.
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Nevertheless, because of the hydraulic connection between
levels and both lateral and vertical changes of facies, the
aquifer can be considered as a simple unit.

Transmissivity values range normally from 3000 to 6000
nrVday, and the storage coefficient varies between 5 and 10%

The groundwater recharge arises from infiltration of
rainfalls, lateral flow from the bordering aquifers,
infiltration of superficial waters (Mijares river) and, in
an appreciable amount, from irrigation recharge.

Discharge occurs by pumping, coastal springs and
groundwater flow to the sea.

Figure 2 shows watertable shape (1990, July);
groundwater flow is almost perpendicular to the sea, except
in overexploitated areas where flow inverted occurs.

Around the experimental field, hydraulic head is about
2 meters a.s.l. with decimetrical fluctuations. Watertable
is located at 3.5-4 meters of depth. Aquifer is 100 meters
thick, with transmissivity values around 5000 m3/day.

The unsaturated zone is formed (Fig. 3) by a superfi-
cial level (0.90 m.) of clays and silts with organic matter
in which the development of roots and biological activity is
important.

One deeper level (between 0.90 and 1.50 m.) is
predominantly sandly. Below, down to 3.40 m. as minimum,
there is thin levels of gravel in a silty matrix.

2. SOIL CHARACTERISTICS

Measures of texture, hydraulic conductivity, organic
matter, pH and electric conductivity were performed in soil
samples taken from boreholes made during samplers
installation.

The samples were taken at depths of 0.15 m. (Pi), 1 m.
(P2) and 2m. (P3).

Results from granulometric measures indicate that the
soil formation corresponds to a fluvial dynamics. Therefore,
in Pi the predominant fraction is the slightest, cl^y and
silt (54% in weight of total). In Pa sandy fraction is
prevailing (62%) and in P3 predominates the thickest, gravel
(53%).

Infiltration capacity, measures by Porchet's method, is
5.6 cm./h, indicative of a good drainage capacity of the
soil.

The organic matter content corresponds to a poor (h)
and very poor (Pa,P3) soils. The pH values, asociated with
humic acids, is in accordance with organic matter
distribution: higher in the most superficial sample and
decreasing in depth.

Tables 1 and 2 show soil measures results.



Net opening Type Pi P* P*
(TO) XRet. XAccum XRet. XACCUM XRet. XAccum

> 0.5 Gravel 2.5 2.5

0.5 - 0.05 Sand 43.S 46
< 0.05 CUytSlime 54 100

Table 1 . Texture measures on soil samples.

Saiple O.H.S pH Conduct (mV)

2
6;-.
36

2
64
100

53
39
S

53
92
100

P,
P.
Pa

0.24
0.04
0.02

5.6
8.5
9.1

80
85
130

Table 2. Ptiyiic-chamtcal pwantccr*
of soil

3. EXPERIMENTAL FIELD DESING.

The field is located in a citric crop ground. It is a
square of 50 ma., divided in four sections. The soil
samplers were installed in each section at depths of around
0.5, 1.5, 2.5 m. Two more samplers were placed, one next to
the water table (3.4 m) and one superficial (0.2 m) (Figure
3).

The distribution on depth and surface of samplers has
been designed to obtain the most possible information about
the longitudinal and transverse movement of pesticides.

The water of soil and unsaturated zone is taken out
through two samplers models. Plastic model (Fig. 4) is made
of PVC with a porous ceramic cup at the end. It has a lenght
of 60 cm and at depths higher than 60 cm, it remains all
below the soil, connected with surface by the extraction
tubes.

The Teflon samplers (Fig. 5) are made of Teflon
steel-clad, with a porous ceramic cup also. The extraction
tubes are too of teflon. Thus, water doesn't get in contact
with any plastic material. This model needs extension tubes
to be install at depths greater than 60 cm.

The method used to extract water from soil is the
generation of vaccumm into the sampler. This moves water to
flow inside the sampler through the porous ceramic cup. In
PVC samplers water remains into the plastic body untill its
extraction. In Teflon samplers water is kept into a glass
container placed on soil surface.
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4. AGRICULTURE PRACTICES.

The Plana of Castell6n is an important agricultural
area of Spain with predominance of citric crops. The
agriculture practices performed in the experimental field
were the usual of the region.

Fertilizers were applied at the same time and in the
same rates than in the rest of the citric field.

The irrigation started in June, after finishing
rainfalls and the weet period.

The watering practice is swamp.
Pesticides choosen for the study are shown in Table 3.

These are ones of the most representatives among the usually
applied citric crops. Doses applied were recommended by the
Vegetal Protection Service. Pesticides were spreaded in
water solutions with mechanic pumps on leaves (insecticides)
andwith hand pumps in ground (herbicides).

The whole study includes three applications per year.
One in January, other in May and the last one in September.
Other additional pesticides are foreseen to be also applied
in future applications (e.g. fenitrotion, piretroids,...).

ACTIVE

NATTER

(A.M.)

Dimetoate

Hetidation

Dicofol •

Tetradifan

Glifosato

NCPA

TYPE

Organo-P

Insecticide

Organo-P

Insecticide

Organo-Cl

Insecticides

Ptunoxyacid

Herbicide

Phenoxyacid

Herbicide

X A.M.

40

40

16 •

' 6

36

40

XDILUTION

0.1S

0.1S

0.2

0.1

0.06

APPLICATION

DOSES

(kg A.M./hi)

5.20

5.28

2.81 •

1.05

5.76

3.84

APPLI.

METHOD

Spray

Spray

Spray

Spray

Spray

APPLI.

DATE

30.1.91

30.1.91

30.1.91

30.1.91

30.1.91

Table 3. Pesticides applied in experimental field.

5. SAMPLING.

is:
The programmated sampling frequence of soil solution

* Weekly during the month after pesticides application.
* Monthly in the rest of control period.
* Inmediatly after a rainfall.



Soil water is extracted from samplers by opening the
pinch clamps which close the access tubes and, when
necessary, by pumping air into the sampler.

Volumes collected are very variable, depending on the
sa^xer and on the weatherand usually varied between 10 and
200 ml. Often, it was necessary to make a second sampling
two days later, in order to get a volume of water sample
that would be enough for analysis of pesticides.

After taking the soil moisture, vacuum was made again
for the next sampling.

Samples werw mantained in refrigerator until their
analysis.

Several samplings were temporary intercalated between
samplings for pesticides in order to analyze other
components like nitrogen compounds (NHs, N03), heavy metals,
etc, which could be of interest for this study.

6. ANALYSIS.

Analysis of pesticides were carried out by capillary
gas chromatography with a dual detection system (ECD, NPD)
for OC and OP compounds, and by HPLC with detection for
phenoxyacid herbicides.

Extraction of pesticides was performed in a maximum
space of three days after sampling, using liquid-liquid
extraction dichloromethane.

The volume of water sample used for analysis of
pesticides varied between 100 and 500 ml, in most of cases.

7. RESULTS.

The sampling technique used for collecting the soil
moisture gave, in general, good results in the experimental
field. It provides enough volumes of water for analyses.

There was found a correlation between the volume of
water collected and the soil characteristics. Thus, samplers
installed at depths where there was high content of clays
pick up more water than those of sandy levels. Besides, the
largest volumes of solution are collected at the deepest
holes. This fact agrees with the behavior of water that
infiltrates through this type of soils.

The maximum quantities of water extracted occurred at a
depth of 1.5 m. Moreoever the water volumes collected from
PVC samplers are higher than those of Teflon.

Preliminary results of analysis of pesticides (Fig. 6)
indicate a strong decrease of concentrations below 1.5 m.,
specially for dimethoate and methidation.

According to the application doses, which were equal
for dimethoate and methidation, the lower content of the
last one found in soil could be explained by its higher
retention on soil surface and/or leaves, and also for a big
rate of volatilization. Tetradifon must be also retained
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because of its low presence in water. Kel thane was no
detected in water probably to its degradation in this kind
of samples.

Differences found in behavior of the two types of
samplers could be attributed to the soil heterogeneites on
soil estructure and texture, more than the type of sampler.
In fact, interferences no were found in the analysis of
pesticides in waters collected from PVC samplers.
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THE DESIGN OF SOIL RESTORATION TREATABILITY STUDIES

John J. Barich. Ill1, Edwin F. Barth2, and Roy R. Jones, Sr.3

ABSTRACT

Contaminated soils are a feature common to many hazardous
waste sites in the United States. They are studied frequently to
determine the nature and extent of contamination (site
characterization), and less frequently to develop soil restoration
strategies (treatability). Sampling and analytical needs for
contaminated soil treatability studies are discussed, with emphasis
on how treatability studies differ from the more common site
characterization studies. The use of bulk site reference materials
in the conduct of treatability studies is introduced.

INTRODUCTION

Hazardous waste sites in the United States have been
investigated intensively since 1980. Contaminated soils are an
important feature of sites in that they represent a source of
contaminants to surface and ground waters, and a source of fugitive
emissions to the atmosphere. The goal of all investigations is to
induce action to eliminate threats to human health and the
environment. Two federal statutes in the United States provide the
needed legislative emphasis. They are the Resource Conservation
and Recovery Act, or RCRA, and the Comprehensive Environmental
Response, Compensation and Liability Act, or Superfund.

RCRA requires owners and operators of hazardous waste
management facilities to undertake corrective action for releases of
hazardous chemicals. Releases from contaminated soiJs are included
as an element for corrective action. An objective of Superfund is to
remediate hazardous waste sites in ways that permanently and
significantly reduce the volume, toxicity or mobility of hazardous
substances, pollutants and contaminants.

1 Environmental Engineer, USEPA, Seattle, Washington, USA
2 Environmental Engineer, USEPA, Cincinnati, Ohio, USA
3 Environmental Scientist. USEPA, Seattle. Washington, USA



Studies are done to determine the nature and extent of
contamination identify the magnitude of a problem, the resources at
risk, and the potential pathways by which resources may be
threatened. Treatability studies are used to evaluate the efficacy
of RCRA corrective actions or Superfund remedial technologies for a
given soil type. They do not, however, address large-scale problems
such as those caused by excavation or in situ soil behavior. Barth
and Barich (1987) discuss basic information needs for optimizing
treatment actions at sites containing contaminated soils. In
contrast to extent of contamination studies where all variables
change continuously, the most important treatability study variable,
the treatment technology itself, changes discreetly. The
consequence of this observation is an opportunity to apply "knee-of-
curve" analyses with the discreet, independent variable being a
remedial technology specification.

The observation that engineering decision thresholds change
discreetly rather than continuously both simplifies and complicates
treatability data need?,. Contaminant detection limits might be
increased whenever the treatment technology decision depends on a
threshold value, for example, the decision to attempt to stabilize an
organic contaminant. If the contaminants are present at too great a
concentration, then the technology might be disqualified. The
concept of sample "representativeness" is different. Although it is
not important to relate a sample to a specific location on a site (a
simplifying feature), it is important to represent accurately the
matrices of the site (a complicating feature). And, most
importantly, data beyond that required in extent of contamination
studies must be developed.

Data acquired in the management of hazardous waste sites
must be defensible. Legal and technical defensibility are equally
important. The use of standard methods which are fully peer
reviewed are easier to defend than non-standard methods. For the
former, only the application of the method and the interpretation of
the data need be defended; for the latter, the method itself must
also be defended. Standard methods which are regulatory tests may
not be as appropriate as other standard engineering and chemical
tests for predicting the environmental behavior of treated soil
systems.

While extent of contamination data tends to fix liability (a
legal concept), treatability data tends to identify treatment
technologies and to fix remedial costs (engineering concepts). Legal



defensibility. therefore, may be more critical for extent of
contamination, while technical defensibility is more important for
treatabi l i ty.

Design concepts for the conduct of soil restoration
treatability studies recognize that the objective of study is action,
that actions take place within the context of environmental laws,
and that actions (treatment technologies) behave like discreet
rather than continuous functions. Design requirements include the
acquisition of site samples, the manufacture of bulk site reference
materials, and the specification and execution of the treatability
tests.

DISCUSSION

Sample Acquisition

Three working definitions guide the design of a sample
acquisition program for soil restoration treatability studies. These
include:

A Treatabilitv Study is a technical evaluation, normally
conducted at the bench-scale, of candidate treatment
technologies using important contaminated materials in the
matrices of the site.

Contaminants of concern are the smallest set of contaminants
which will, if properly managed, fulfill all environmental,
health, and regulatory objectives for the site. This set may be
smaller than the set representing all site contaminants.
Contaminants of concern are not indicator chemicals.

Matrices of concern are the smallest set of matrices which
will, if completely accommodated, ensure that al1 site
treatment and analytical needs are met. In addition to natural
materials, interfering compounds which are not contaminants
are included in the definition of matrix. A matrix is described
both by its bulk, in situ properties, and by its intrinsic
properties.

Soil samples are acquired using standard techniques; the
difference between sampling for treatability as opposed to



characterization is the degree to which these definitions influence
the sampling design,

Every soil sampling program should be guided by quality
management principles. In the sampling of hazardous waste sites in
the United States, these principles are included within and well-
documented by a "Quality Assurance" program. A technical and
policy guidance has been published by the United States
Environmental Protection Agency (USEPA) (1987). It outlines a
process whereby decision types are first identified. Roles and
responsibilities are identified, and a conceptual model of the site
(in the context of the decisions to be made) is developed. The
conceptual model must accommodate both contaminants and
matrices of concern. Data uses and needs are specified, as are
methods for the acquisition of samples. Precision, accuracy,
representativeness, completeness, and comparability, the "PARCC"
parameters are specified. Finally, the data collection program is
designed.

The preceding guidance applies in a general way to the quality
management needs of many different environmental programs.
Barth, et. al. (1989) discuss how these principles apply in the soil
media. The USEPA (1990) provides summary technical guidance on
the assessment of errors in the sampling of soils. Taken together,
these guidances provide a defensible, technically adequate base from
which to design the sample acquisition program.

The location of specific sampling sites is guided by site
knowledge, sampling principles, and the analytical tools which will
be used in the analysis of data. The USEPA (1986), for example,
provides concise guidance for sampling at PCB spill sitss. A multi-
step procedure is described for establishing sampling locations. The
steps include diagraming the site, selecting areas of interest within
the site, selecting sampling locations within the areas of interest,
transferring this information to the field, and making field
adjustments as appropriate (samples of opportunity or judgmental
samples). If the definitions of contaminants of concern and
matrices of concern are substituted for PCB's, then these procedures
apply directly to soil restoration treatability studies.

Sampling grids can be random, systematic, or stratified
(USEPA, 1989). Triangular grids may be more effective than
rectangular grids in locating contaminants with an unknown and
irregular distribution pattern. Random grids are preferred for



contaminants with unknown but regular distribution patterns
(Gilbert. 1987),

Geostatistics has emerged as a powerful analytical tool for
use at contaminated soil sites. It comprises a set of statistical
methods which are useful in the analysis of spatially distributed
data. Geostatistics can be used to predict the likely outcome of
future sampling based on past sampling results. Because soil
treatability studies avoid the requirement to associate treatability
samples with specific locations on a site, geostatistics is less
useful for treatability than for characterization studies. Flatman,
et. al. (1988) provides an introduction to the subject from the
perspective of the environmental sciences. Although geostatistics
requires the use of computers, software in the public domain is
available (USEPA, 1991).

Sampling for both characterization and treatability is
facilitated by the use of field screening techniques. Methods which
have been used successfully at hazardous waste sites are
documented by the USEPA (1988). When establishing data quality
objectives for soil restoration treatability studies, contaminants of
concern, usually at high concentrations, and key matrices are of
primary interest. Field screening technologies normally exhibit
higher detection limits than full laboratory methods. They are well-
suited to support treatability evaluations whenever the sampling
objective is to distinguish highly contaminated from less
contaminated soil.

Cole, et. al. (1991) demonstrates how one field screening
technology. X-ray fluorescence spectroscopy (XRF), is capable of
producing better estimates of site contamination than are full
laboratory methods. Full laboratory methods are acknowledged to
produce data of greater accuracy, but at a greater unit cost than
field screening. Since hazardous waste sites are spatial features,
and uncertainty between sampling points is greater than the
analytical uncertainty at a sampling point, improving spatial
estimates is critical to reducing overall uncertainty. Improving
spatial estimates is a function of sampling density and is enhanced
by the use A lower unit cost field screening methods. A given
investment in increasing the number of sample points has more of an
influence on reducing uncertainty than does reducing errors at
individual sampling points through the use of higher cost, full
laboratory methods. The benefits of field screening are magnified



when tne data quality objective is guided by "knee-of-curve"
thresholds.

Bulk field properties of soil systems are required occasionally
to evaluate treatability study results. For example, many land
reclamation projects involve in situ technologies such as vacuum
extraction, biotreatment, soil flushing, and grouting. !n situ
technologies are attractive because they eliminate the off-site
disposal of contaminated soils and reduce air emissions associated
with excavation. Field hydraulic conductivity for treatment reagent
delivery and contaminant removal is required in the interpretation
of treatability data. Unfortunately, field hydraulic conductivity
values are difficult to obtain. Laboratory testing of soil samples is
less expensive and easier to perform, but the sample is disturbed
sufficiently so that the values obtained may not represent field
conditions. Hydraulic conductivity values obtained from the field
can be combined with bench scale treatability studies to determine
the feasibility of an in situ technology.

A soil restoration treatability study may evaluate several
promising technologies. Each technology may be evaluated with test
procedures unique to it, and by other procedures which are common
to several technologies. A soil restoration treatability study is
hkely to require numerous samples. An effective means of providing
needed samples is the bulk site reference material.

Bulk Site Reference Materials

Hazardous waste sites in the United States typically require 8
to 12 years from site identification to remediation. During that
time, available remedial technologies, analytical needs,
laboratories, and analytical methods are all likely to change. The
bulk site reference material (BSRM) is a useful tool for evaluating
soil restoration technologies, and for relating past to future work.
The development of bulk site reference materials and examples of
their use at hazardous waste sites is provided by Barich and Jones
(1990).

A BSRM is a site specific reference material which is
representative of important conditions encountered at a hazardous
waste site. While not representative of any point on the site, it
contains the contaminants of the site in the matrices of the site. As
such, it presents the remedial technologists and analysts with the



same problems of matrix interference and masking exhibited by
samples taken from a point of record on the site.

Bulk site reference materials fulfill several needs in the
restoration of contaminated soil sites.

First, site needs change. In the early years, studies to
understand the nature and extent of contamination predominate.
This is typically the time when the maximum investment in field
data acquisition is made. Data needs differ from those in later
phases of management, such as design and post-remediation
compliance monitoring. A BSRM developed early in the life of a site
can provide comparability of data in all subsequent phases.

Second, BSRM materials provide a convenient, well-
characterized source of samples for conducting soil restoration
treatability studies, and for comparing the relative merits of
competing technologies.

Third, in an attempt to accelerate the remediation process and
to reduce costs, field screening techniques are used with increasing
frequency. The BSRM is a convenient source of material to both
calibrate field screening methods and to correlate the field methods
with standard analytical techniques.

Finally, BSRM materials provide a source of material for a
site-specific performance evaluation program. This is especially
useful at large, complex sites where many laboratories are likely to
be involved.

The definition of a BSRM requires that it be representative of
important conditions encountered at a hazardous waste site. An
important condition may be one that presents critical treatment
problems, or one that presents critical analytical problems, or both.
Treatment problems are a function of both analytes and matrix, as
are analytical problems. The magnitude of the problems, may be
different.

When considering how many BSRMs to specify for a site, one
first asks: how many contaminants of concern are present? One
then asks: how many different matrices of concern are present?
Finally, one determines whether the volumes represented by various
contaminant/matrix combinations are large. Small volume "hot
spots" are therefore eliminated as BSRM candidates.



The review of contaminants, matrices (including interfering
compounds), and volumes produces the specification of important
site conditions for which BSRMs are developed. The specification
also provides the rationale for where on the site to obtain raw
materials for manufacturing the BSRM, i.e.. the field sampling
program.

The design objectives for a BSRM are to produce a material
which 1) maintains good fidelity to the important matrices and
contaminants, and 2) exhibits the lowest possible relative standard
deviation. The manufacturer! techniques specified for a BSRM
depend on the volume, matrix, and contaminants, and to a certain
extent the predicted period of use or storage stability. Mixing
methods are evaluated from the perspective of their ability to meet
BSRM design objectives, cost, available resources, and practicality.
The container size for the bulk reference material inventory is the
smallest container that will satisfy treatability study needs.

The question of how to mix bulk samples to achieve a
homogenized material is answered empirically. Mixing methods need
not be elaborate. Because ot the wide variety of particle sizes,
moisture content, cohesive characteristics and distribution of
contaminants, mixing methods will vary. Experience with materials
will suggest potential methods. The validation of the mixing
techniques is accomplished through experimentation with portions
of the pre-BSRM bulk that can be sacrificed. Soil sample
homogenization techniques are discussed from the perspective of
environmental management by Schumacher, et. al. (1990) and the
USEPA (1990a)

Whenever a soil restoration treatability study is supported by
BSRMs, the flexibility to specify numerous treatability tests is
ensured.

Treatability Tests

Soil restoration treatability tests are selected to 1) provide
an understanding of contaminant/matrix interactions, 2) provide
technology-based performance data, or 3) confirm that the goal of
site restoration - the reduction of risk - is achievable.



An important contaminant/matrix interaction is the
distribution of the contaminant between host matrices.
Contaminants partition to soil particles (solid phase), water and air.
Partition or distribution coefficients describe these relationships.
For example, solid phase partitioning can be described with the
distribution coefficient Kd, defined as contaminant concentration in
the solid phase divided by the contaminant concentration in the
aqueous phase (units of V3/M). Kd is highly matrix dependent and is
best determined experimentally. A companion solid phase
partitioning coefficient is KOc. the organic carbon partition
coefficient. It can be determined experimentally, or estimated
(calculated) from published values of KOw. the octanol-water
partition coefficient. Air/water partitioning is described by the
Henry's Law coefficient, KH. This coefficient is less dependent on
the matrix and may be acquired through handbook data. Vapor
pressure, a published value, is another contaminant attribute which
is used to predict the tendency of a contaminant to move to the air
media.

Partition or distribution coefficients can be manipulated by
soil restoration technologies. For example, if a contaminant of
concern exhibits a large Kd, a stabilization strategy might be
selected which exploits the tendency of the contaminant to
associate with the solid phase. If a contaminant of concern exhibits
a low KH , alternative technologies which require transfer of the
contaminant to the gas phase, such as air stripping, might be
avoided.

Soil characteristics such as cation exchange capacity (CEC)
and anion exchange capacity (AEC) provide some indication of the
ability of the soil to retain cationic contaminants (e.g., heavy
metals), or anionic contaminants (e.g., arsenate or chromate). Point
of zero charge (PZC) provides an indication of the pH at which
surface charge becomes zero; PZC can be used to help select a
solution pH for certain soi! washing technologies. The tenacity by
which contaminants are bound to the soil matrix can be evaluated
with techniques such as differential scanning calorimetry (DSC) and
Fourier transform infrared spectroscopy (FTIR). Gibbons and
Soundararagan (1988) discuss how these techniques are used to
evaluate the capability of modified clay minerals to retain strongly
several organic contaminants. Table 1 provides an abbreviated list
of test procedures which might be specified in a soil restoration
treatability study. These "non-traditional" tests provide an example



of tests which are useful for treatability but not for extent of
contamination.

TABLE 1

TREATABILITY CHARACTERIZATION PARAMETERS

TEST RATIONALE

particle size distribution

organic carbon

X-ray diffraction (XRD)

microscopy, including scanning
electron microscopy (SEM)

cation exchange capacity (CEC)

anionic exchange capacity (AEC)

point of zero charge (PZC)

differential scanning
calorimetry (DSC)

Fourier transform infrared
spectroscopy (FTIR)

location of contaminants,

affects performance of technologies

influences soil sorbent properties

soil mineralogy

soil mineralogy

sorption capacity

sorption capacity

electro-neutral point for surfaces

bonding strength of sorbents

bonding strength of sorbents

Piwoni and Keeley (1990) present basic concepts of
contaminant sorption at hazardous waste sites. Breckenridge, et. al.
(1991) discuss the characterization of soil matrices at hazardous
waste sites.

Each soil restoration technology has its own performance
characteristics and operating constraints. These must be evaluated
with technology-specific treatability tests. As an example, if
biological degradation is a technology under consideration, the
presence of major nutrients and the absence of toxicants should be
evaluated. If a thermal technology is under consideration, heat, ash
and chlorine content are examples of data that should be acquired.
Knowledge of the candidate technology is required to soecify these



data. The USEPA (1989a) provides suggestions for several general
classes of technology. Another guidance by the USEPA (1988a)
provides additional information requirements for specific
technologies. Table 2 provides examples of "non-traditional"
parameters which are related to performance characteristics or
limitations of soil restoration technologies.

TABLE 2

SOIL RESTORATION PERFORMANCE PARAMETERS

TEST RATIONALE

nutrient availability

culture studies

microbial toxicity

BTU content

alkali/alkaline metal/salts

organic phosphorus

halogenated compounds

soil fines (silt/clay)

Hg intrusion

oil/grease

Biological Technologies

ability to sustain growth

identifies indigenous organisms

identifies application limitations

Thermal Technologies

auxiliary fuel requirements

minimum for vitrification,
potential slagging

refractory attack, slagging

potential acid gases

Physical/Chemical Technologies
(e.g., stabilization, matrix washing)

diminishes washing efficiency

indicates porosity in solidified
material

interferes with processes,
stabilization interference

X-ray photo-electron
spectroscopv (XPS)

surface availability in
immobilized samples



The goal of all soil treatment processes is to reduce risk
exposure by destruction, conversion, or immobilization of
contaminants. There are several methods to evaluate risk reduction.
These include comparing untreated contaminant values to treated
contaminant values, total contaminant characteristics following
treatment, and extraction (or leaching) tests. In addition to
contaminant chemistry, characterization procedures include those
for physical properties and bioassessment.

Contaminant destruction can be determined from total
contaminant analyses and mass balances. While these
determinations are useful for evaluating process efficiency, they do
not determine residual contaminant availability. They can serve as a
conservative estimate of the relative degree of bonding in organic
stabilization processes, even though the harsh extraction procedures
are not realistic in the environment. Several USEPA and agricultural
test methods are available. Unfortunately, because each of these
test methods employ different digestion chemicals and conditions,
test values are not directly comparable. For example, total waste
values from a nitric acid digestion will not be the same as from a
hydrofluoric acid digestion.

Extraction tests are designed to evaluate and present a worst
case estimate of the availability of a contaminant to the
environment. Extraction tests generally grind a test sample to a
designated size, and then agitate this material in an extractant fluid
for a set period of time. These tests expose a maximum surface
area. Maximum surface area is critical for contaminants whose
release to the aqueous environment is controlled by diffusion
mechanisms. The availability of contaminants is determined by the
chemistry of the leachant at only one point in time. Examples of
extraction tests in use in the United States include the Extraction
Procedure Toxicity Test (Federal Register, 1980) and Toxicity
Characteristic Leaching Procedure (Federal Register, 1986). They
are used by the USEPA to determine whether a solid waste is legally
hazardous.

Leaching tests are the most realistic contaminant availability
tests when considering the surface and ground water exposure
pathways. Samples usually are ground or pulverized prior to testing.
Samples are placed in several distilled water or site water
solutions over time. These methods allow the determination of
contaminant flux release, and can be interpreted as diffusion rates
for incorporation into surface and ground water models. An example



of a leaching test is the ANS 16.1 test (ANS, 1986). It has been used
by the United States Nuclear Regulatory Commission for evaluation
low level nuclear waste disposal alternatives.

CONCLUSION

Soil restoration treatability studies address the most
important soils at a site. The mix of contaminants, the abundance of
contaminants, and the characteristics of soil as the host matrix
define which soils are important. Large volumes of these important
soils are acquired using various sampling strategies and field
screening tools. Samples are manufactured into bulk site reference
materials, highly homogeneous samples which represent the most
difficult conditions at a site to restore. They are characterized
thoroughly for properties which hinder or facilitate site restoration.
BSRM's provide a convenient and useful feedstock for all soil
treatability studies.

Treatability tests are selected to increase the understanding
of contaminant/matrix interactions, provide technology-specific
performance data, or document risk reduction following treatment.
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REAL-TIME IN-SITU MONITORING OF HYDROCARBON LEAKAGE -
A FIBER OPTIC CHEMICAL SENSOR (FOCS) COMES TO THE RESCUE
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Hydrocarbon spills, either from a leaky underground storage tank or from
a damaged tanker, pose a severe threat to public health and to the ecosystem.
To monitor the contamination of water by hydrocarbons, and their intrusion into
the vadose zone, a fiber optic chemical sensor (FOCS) has been developed. The
complete system has three basic parts: (a) the sensor, (b) a photometer, --id (c)
a computerized data acquisition and transmission module. The sensor cons .ts of
a piece of fiber optic with hydrocarbon specific coating applied on the bare
core. Depending on the concentration of hydrocarbon (HC) in the immediate
vicinity of the FOCS, the intensity of light passing from one end of the fiber
to the other is modulated. The photometer transforms the resultant optical
signal into a voltage which is fed to a computer for processing.

Currently, the complete system has two versions: (a) the field unit - a
continuous monitoring system (CMS) designed for permanent installation at the
monitoring site, and (b) the hand-held unit - for quick on-site evaluation of the
extent of HC exposure. The performance of the field unit is controlled round the
clock from a central monitoring station. The field units are armed with preset
alarm settings for trend alarms (small leaks), threshold alarms (requires EPA
reporting) and system/equipment failures. Each field unit can control 16 sensors
distributed at various monitoring wells at a given site. The hydrocarbon FOCS
is completely reversible. Both the field and hand-held units have selectable
dynamic ranges to cover 50 to 150,000 ppm hydrocarbons in the air and in soil.
They can also detect droplets and emulsion as well as hydrocarbons floating on
water. Extensive calibration and testing in the laboratory shows a close match
of the sensor data to that of a gas chromatograph which automatically samples HC
every 3 minutes.



3. TECHNIQUES & METHODS

The hydrocarbon sensor consists of a fiber optic core containing a
proprietary sensing chemistry on it. The special formulation of the chemistry
enables the fiber to see hydrocarbon, in its micro-environment. Light is
launched ii.co the fiber through one end and is detected at the other. The
intensity of tha light reaching the detector depends on the amount of hydrocarbon
chat the sensor sees in a particular situation. The light output J.S then
processed into an electrical signal for further processing and storage. More
details on the principle of sensor operation appears elsewhere.*5'

For testing the sensors in vapor, toluene was used as a representative
hydrocarbon. A light-shielded glass jar was used as the testing chamber.
Toluene was measured with a 100 /i£ capacity syringe. For calibrating the gas
chromacograph (GC), the concentration of toluene in the vapor phase was
calculated from the following equation:

Cppmiv)
{27 3) (MM) (VO

Where.

C ppm(v) • che concentration of toluene vapoz

p » density of toluene

Vt » volume of liquid toluene added

KW • molecular weight of toluene



V => volixr.e of zhe IQSZ chafer

GC measuresr.encs wore done with a SRI661O gas chromacagrnph having a bonded
phase (non polar) capillary column, equipped, wich an auto sampler and eleccron
capture detector. Samples were analysed every three minutes.

The hydrocarbon layer thickness experiments were carried out in a glass
cylinder with an appropriate amount of water. The sensor was submerged halfway
into the water. Measured volumes of commercially available unleaded gasoline
were added to correspond to the desired thickness.

4. RESULTS AND DISCUSSION

Figures 1, 2 and 3 show the performance of three hydrocarbon sensors in
toluene vapor. Figure 4 shows the corresponding concentrations of toluene as
determined by a gas chromatograph. The hydrocarbon FOCS were placed in a glass
chamber. A measured
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Figure 1. Response of the hydrocarbon sensor in toluene vapor
(Sensor #1) at room temperature (22°C).

volume of toluene was injected and it was allowed to vaporize at ambient
temperatures. The maximum toluene concentration corresponded to 2,300 pptn as
determined by the gas chromatograph. Evaporation of toluene continued until the
test chamber was free from toluene. A second injection was then made into the
test chamber and toluene concentrations were monitored every three minutes, as
before.
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Figure 2. Performance of another hydrocarbon sensor (Sensor
# 2) in toluene vapor placed in Che same environment,
as Sensor * 1 (Figure 1).

The characceriscics of che sensor syscem have been such chac che signal
oucpuc becomes maximum in air without any pollucanc such as toluene. As these
sensors are exposed to coluene vapor, che intensity of che signal diminishes.
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Figure 3. Response of Sensor * 3 in colouene vapor.
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Figure 4. Concentrations of toluene vapor as determined by the
gas chroniacograph every three minutes.

It is evident from Figures 1, 2 and 3 that the sensor responses correlate
very well to the CC measurements (Figure 4). This proves the viability of these
sensors as an in-situ real-tine monitor. As the toluene concentration reaches
"zero" ppra, the sensors also return to their respective baselines indicating
their reversibility. For the same ppm concentration of toluene, the magnitude
of the sensor responses are different. This difference can be ascribed to: (a)
difference in the light input, (b) difference in the detection system, and (c)
difference in the quality of the sensor. These sensors are all hand made, and
therefore there will always exist some variation in their performances. However,
these differences can be adjusted electronically.

These sensors can also be used for estimating the thickness of hydrocarbon
layer floating on water. Figure 5 shows the sensor response for three different
hydrocarbon layer thicknesses, 0.04 cm, 0.32 cm and 0.64 cm. The initial sharp
signal drop is followed by a gradual one. This slow drop can be ascribed to the
response of the sensor to hydrocarbon vapor. The attainment of hydrocarbon
liquid - vapor equilibration is a slow process.
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Figure S. Measurement of Che thickness of gasoline layer
floating above water with a hydrocarbon sensor.

5. CONCLUSION

The solid stace hydrocarbon sensor is a fast-responding, reversible sensor.
Under the current state of development, the system has two designs. In one
design, the sensor can be used for continuous, on-site monitoring of
hydrocarbons. The second design leads to a hand-held device for "on the spot"
assessment of the hydrocarbon leakage.
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Tracing the movement of ground water from recharge to discharge points is important in
estimating both ground-water budgets and potential rates of vertical infiltration of pollutants from
the surface. Particularly difficult is the task of estimating these rates in unsaturated geological
materials.

Atmospheric tritium, produced by above-ground nuclear-weapons testing in the late 1950's
and early 60's, has been proven to be a very useful tracer in saturated materials. Recently, the
authors used it to estimate vertical recharge rates in unsaturated glacial till. The results of their
investigations, corroborated by an independent method, indicate that this tracer and methods of
tracking it can be used to great advantage in estimating rates of vertical pollutant transport in
unsaturated materials as well.

A tritium profile obtained from a drill core taken on the Tipton Till Plain near West
Lafayette, Indiana, USA, showed a "Tritium Reversal" (corresponding to a low-high-low activity
of tritium relative to depth) at 7 m, indicating the present position of recharge water derived from
1963/64 precipitation. The average recharge rate calculated using the tritium data is 3.5 cm/yr
for the "Mass Balance" method, and 4.7 cm/yr for the "Transit Time" method. The average of
4.1 cm/yr is in reasonable agreement with a mass balance method utilized by the U.S. Geological
Survey, in a numerical modeling project in similar geological terranes. Two other ceres, located
on a nearby topographically lower slope, showed no definite reversal in tritium activity, probably
because of lateral flow components at these locations.

To be applied, the tritium technique should assess the contribution of summer and winter
precipitation to recharge because tritium activities tend to peak in spring and summer
precipitation. Contrary to the usual assumptions that recharge to aquifers in temperate zones of
the northern hemisphere occurs between October and April, stable isotopic data of well water in
the study area indicate that an appreciable amount of annual recharge (about 34%) actually occurs
between April and October.
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ABSTRACT

The ingestion and inhalation of radioactive products of uranium (U-238) decay, isotopes of radium
(Ra-226) and radon (Rn-222), arc worldwide concerns. Beginning in 1984, a scries of sequential studies
was carried out by Cech and coworkcrs at the University of Texas School of Public Health in the search
for predictors of radium and radon presence in water supplies. Several hundred samples of water were
collected from public and individually-owned domestic water sources, as well as from sources of water
used for livestock watering, industrial purposes, and oil production. Data are mapped and statistically
analyzed by aquifer, pumping depth, and distance from potential controlling features, such as faults, salt
domes, lignite, and hydrocarbon deposits. This produced one of the largest databases ever collected on
radionuclidcs in ground and surface water sources.

The U.S. EPA is proposing to set a maximum contaminant level for radon in public water supplies at
300 picocurics per liter (pCi/J). More than one-half of public water wells surveyed in our study
exceeded this level. Concentrations as high as 26,000 pCi/l of radon (and up to 23 pCt/1 of its
progenitor, radium) were encountered in public water wells along the Texas Gulf Coast and in parts of
West-Ceniral Texas. These same areas have rates of respiratory cancer mortality among the highest in
the United States.

Finding radon anomalies in Tertiary clastic aquifers in Texas suggests that unsuspected high
concentrations may exist elsewhere in the world. While locations of deeply buried uranium bodies arc
difficult to predict, our study documents that high concentrations of radon arc likely to be found in water
pumped near zones of faulting and other potential uranium trapping features. This is important, as it
offers the possibility of avoiding high risk areas when developing water wells.

INTRODUCTION

Studies have established a strong association between certain occupational and therapeutic
exposures to isotopes of radium and bone cancer.1'4 Further studies also have raised the issue
of elevated cancer risk (leukemia, bone, respiratory, and other organ-systems) associated with
radium and its progeny, radon, in domestic water.3'7



Radon-222, an airborne product of uranium-238 decay series, has been associated with lung
cancer. Earlier .studies in Czechoslovakia. United States, and Canada showed occupational risk
to miners.*'10 Recently radon has received much attention in me USA because of high con-
centrations found in houses in various parts of the country.""13 Although radon gas may enter
a dwelling from several sources, in some geographic regions releases from ground water used
domestically contribute a share of indoor radon significantly greater than soil and other sources.

The EPA reported in 1987 that over a period of 70 years (the average lifetime in the United
States), between 2,000 and 40,000 lung cancer fatalities were caused by inhalation of natural
radon released from U.S. public water supplies. The average concentration of radon in these
water supplies was said to generate a lifetime risk of about 1 ii 10.000.13 The EPA is now
proposing a standard for radon in household water to be set at 300 pCi/C.14 This standard is
expected to go into effect in July 1993. Until that time, however, no reguilatory authority
monitors or monitored water-borne radon in the past on a regular basis. Thus, it is impossible
to say accurately how many public water systems will be affected by the proposed radon
standard.

Deposits of uranium, rich enough to be mined commercially, occur in Texas, yet little attention
has been given until recently to the possibility that significant concentrations of uranium
disintegration products may be present in ground water supplies. In 1984, studies were initiated
by University of Texas School of Public Health researchers to address this issue. Because of
timely significance, we wish to share the data obtained via these projects. While both radium
and radon data are being collected (Figure 1), the present communication will focus specifically
on radon.

METHOD

A total of 434 radon measurements from ground and surface water sources were obtained.
From this amount, 149 samples were derived from public water supplies and 206 samples came
from individual domestic and livestock watering wells. The rest of the samples were obtained
from irrigation, oil and gas, industrial, and observation wells. Selection of regions to sample
was based on geological reasoning and included both areas where rock compositions suggested
elevated terrestrial radioactivity and also where no such sources were known or suspected to
be present. The sampling scheme was as follows (Figure 1):

1. Twenty samples were obtained in the northern part of the Texas Panhandle.15-16 The
source of water in this region is the Ogailala aquifer (Figure 2).

2. Fifteen samples were obtained from the Hickory Sandstone aquifer in the Llano Uplift
area.'516

3. Two hundred seven samples were collected from six counties on the Upper Gulf Coast.15"
18 Approximately one-half of these samples was collected in Harris County and the City
of Houston.1317 With 2,684,000 people. Harris County is the most populated county in
Texas and has 18 percent of the state's population. The southeast part of Harris County
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Figure 1. Study areas in Texas (shaded).
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Figure 2. Location of the major ground-water aquifers in Texas. Minor aquifer
important in this study. Hickory, situated at the base of Llano Uplift, is also shown.



is supplied by surface water, but the rest of the area is supplied by wells pumping water
from the Gulf Coast aquifer.

4. One hundred nine samples were collected in seven counties on the Lower Gulf Coast, in
the uranium mining district in south Texas.19 Source of water in this region is the Gulf
Coast aquifer.

5. Eighty-three samples were collected in nine northeast Texas counties, in the area above
and below the Eocene Wilcox lignite belt."0 Ground water in this region is derived from
the Canizo-Wilcox aquifer.

The physical size of Texas makes gathering data from remote parts of the State difficult.
Collecting samples from individual rural wells involved visiting private residences where
permission was secured from heads of households to collect water samples. Samples of
municipal drinking water were obtained from commercial and household taps, and where
necessary1 directly from wells. Locations were selected to obtain a representative coverage of
water sources. Samples were taken in duplicate to assure the rcproducibilily of the laboratory
results.

Radon concentration was determined by drawing a 15 ml sample directly from a source into
a clean syringe. Care was taken to prevent aeration of the samples in the process. The sample
was then injected beneath a S ml layer of mineral oil-based scintillation solution in a 20 ml
vial. The viols were vigorously shaken to promote phase contact, held for at least three hours
to permit radon daughter ingrowth, and assayed with a liquid scintillation counter. The results
were corrected for the amount of radon decay between sampling and assay. All analyses were
carried out in the University of Texas School of Public Health laboratory.

RESULTS

Concentrations of radon in the domestic water supplies varied by geographic region and source.
In the Ogallala aquifer (the main source of water in northwest Texas) the median concentration
was about 230 pCi/l. but the range was from below 100 pCi/C to as much as 1000 pCi/f. In
40 percent of samples collected in this region radon concentrations exceeded 300 pCi/C.

The median concentration in water from the Hickory sandstone aquifer was about 210 pCi/f,
but 36 percent of wells had more than 300 pCi/C. Up to 1400 pCi/6 of radon was found in
rural wells near the top of the Llano Uplift. Median concentration in water from the Carrizo-
Wilcox aquifer was about 200 pCi/ff, but 30 percent of water supplies had more than 300 pCi/fl
and up to 1360 pCi/t was observed near lignite deposits.

Median concentrations in tap water on the Upper Gulf Coast were about 200 pCi/f, with the
range of variation from undctcctablc to as much as 3300 pCi/J. No appreciable radon
concentration was observed in the southeast part of Houston, where water of surface origin or
a mixture of surface and ground water is distributed. However, in northwest, northeast, and
southwest Harris County, ground water had greater than trace levels of radon.



The first anomaly, up 10 about 3300 pCi/C, was found in the northwest, coincident with faults
stretched between two local salt domes (Hocklcy and Tomball). The second and third
anomalies, up to 2900 and 3110 pCi/fi were found in the City of Houston wells on the south-
west, developed less than 3 kilometers from picrccmcnt-typc salt domes (Blue Ridge and Pierce
Junction). Up to 6,240 pCi/J also was found near a salt dome (at Humble) in northeast Harris
County. High radon concentration at this last location may be due to the presence of on
unmapped fault. A spring 700 meters northeast of the well suggests the presence of a fault,
which may have brought ground water to the surface.

Overall, 43 percent of wells sampled on the Upper Gulf Coast had radon concentrations in
excess of 300 pCi/C; however, even greater concentrations were found in ground water on the
Lower Gulf Coast, in the uranium mining area. The median concentration was 315 pCi/C.
signifying that more than 50 percent of 109 samples taken in this area exceeded the proposed
limit of 300 pCi/f, Four samples had more than 10,000 pCi/J, and as much as 14,000 and
even 26,000 pCi/fi were found in municipal wells.

Earlier work by Cech and co-workers'5'7 indicated that a relationship exists between radon
concentrations, pumping depth, and location of the water source. This observation was tested
statistically on a subset of 64 point-source locations representing a diverse distribution of water
sources in the Upper Gulf Coast around Houston.17 A statistically significant tendency was
observed for radon concentrations to increase with depth (p<0.0l). Furthermore, the proximity
of salt domes and associated faults was found to be on important predictor for radon in well
water. A hypothesis was postulated that, in addition to the basic properties of aquifer matrix,
external controls (e.g., salt domes, faults, hydrocarbons, or lignite deposits) may explain the
presence of radon.

This was further investigated in several subsequent studies by Ccch and her graduate students.
In particular, a much expanded sampling was carried out on the Upper Gulf Coast near salt
domes and associated faults.18 A parallel study was conducted in the uranium mining area on
the Lower Gulf Coast, to investigate the relationship of radium and radon with depth and
proximity to fault-controlled oil accumulations.19 While this particular area docs not have salt
domes, factors which were postulated to control the precipitation of uranium around salt domes
were similar to those in fault-controlled oil fields. The third study was carried out in northeast
Texas to address the role of lignite as a radon trapping feature.2

The data from these new investigations presently arc being assembled and will be detailed later
in a separate communication. Preliminary results support that anomalous radon concentrations
along the Gulf Coast arc found near zones of faulting, as illustrated by examples on Figures 3
and 4. The relationship between radon concentration and the distance to a fault was highly
statistically significant (p<0.01).i8 The proximity of a lignite deposit was shown to be a
predictor for radon in north-cost Texas.20



Figure 3. South Texas uranium mining area: zones of radon concentration greater than
1000 pCi/< (.shaded) observed in groundwater and their relation to faults.19 Locations of
oil and gas production also are shown. Fault locations are reconstructed from Bebout et
aL44 and Gallowav et ah45
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DISCUSSION

The origin of radon observed in the water supplies in Texas is natural given lhai uranium and
radium are present in rocks "'""2 and in the water.13 Figure 5 shows known deposils of mineral
uranium on which our findings are superimposed. Not claiming comprehensiveness, this map
allows the pinpointing of areas where elevated concentrations of radon and its predecessor,
radium, were documented with reasonable certainty.

In some pans of the State. Precambrian igneous and metamorphic rocks are uplifted and
exposed. One such uplift exists in west-central Texas. Earlier study by Ccch and coworkcrs15

reported a radium-226 anomaly at the base of the Llano Uplift, where the Cambrian age
Hickory sandstone is the main source of ground water. Anomalous radium concentrations were
associated with deep wells (from 370 to 670 meters). The present study shows that radon
concentrations up to 1400 pCi/8 exist in spots in this area even in relatively shallow rural
wells. Although no uranium deposits arc explicitly shown on the geological map for the Llano
Uplift, igneous rocks typically contain greater amounts of uranium than other crustal rocks.23

Radium and radon in the Hickory sandstone apparently originate from eroded igneous rocks.

Radioactivity found in ground water in (he Gulf Coast evidently relates to uranium trapped in
the coastal sediments. Known host-rocks arc volcanic tuffs of the Miocene age. Uranium was
present in volcanic ashes blown by winds into the Texas region during eruptions of the
Mexican Rockies in the Miocene era.2423 Uranium subsequently traveled with the ground
water until stratigraphic traps (i.e., faults that may have served as barriers to circulation) or
reducing conditions (hydrogen sulfide. lignite deposits, methane gas, or carbonaceous matter)
were encountered which caused uranium to precipitate and form ores." Fluvial transport and
a series of rcdissoluu'on and reprccipitation caused uranium and its decay products to travel
considerable distances away from their source-deposits and toward the modern-day coast.

The fonnation which is mined for uranium in south Texas extends along the entire Gulf Coast
from the border with Mexico to the Louisiana border (Figure S). It crops out parallel to the
coast at some distance inland and dips toward the Gulf, so that near the coastline it is deeper
than 1.5 km below the land surface.26 Many water wells have been developed in the Gulf
Coast, from as shallow as 6 meters to as deep as 600 meters. The density of deep wells has
been particularly great in a heavily populated part of the Gulf Coast at Houston. As evident
from our study, public wells developed in the Houston area encountered radium and radon.

Although uranium-rich Miocene age sandstone is the deepest fresh-water bearing unit in the
Gulf Coast aquifer complex, the actual production of well water docs not involve this depth.
Therefore, the exact mechanism which causes radon to be present at the pumping depth of 600
meters and less is not entirely clear. One explanation is that it may be a result of
cross-formational seepage, that is, when deeper water with its greater potcntiometric head seeps
upward. An alternative explanation would be that a uramum-radium-radon source is present
directly in the aquifer at the pumping depth.

The nature of the Gulf Coast aquifer has been described elsewhere."6"30 Relevant here is that
it consists of numerous alternating beds of clays and sands, which crop out in bands parallel
to the coast and dip toward the Gulf at an angle, which is greater than the slope of the land



Figure 5. Radioactive deposits in Texas. Compiled by superimposing radium and radon
data gathered by Cech and co-workers on a map of uranium deposits from Kier et al.!>

surface and also increases with depth. The Miocene age formations dip toward the Gulf at a
rate of about 17 m/knr6; younger formations have progressively decreasing dip, from 15 to 8
m/km in the intermediate beds, and to about 2 m/km in the youngest beds. Deeper units in Uie
Gulf Coast aquifer have greater potcntiometric heads compared to more shallow units.31 This
results from greater elevations of the recharge zones for the older formations and from the
absence of reasonable downdip regional discharge zones. The combination of factors causes
pressure to build up. In much of the area, confining beds of clay create artesian conditions.
However, confining clays arc not continuous and there is hydraulic communication around clay
beds. That, plus interconnections along the flanks of picrcemcnt-typc salt domes, provides
opportunities for upward seepage of ground water.31

While the vertical concentration profile observed for radon suppons the upward seepage
hypothesis, it is also possible that radon in well water relates to uranium and radium present
directly at the producing aquifer. Uranium deposits have been reported in the rocks that flank
or overlay Gulf Coast salt domes, such as Palangana dome32 and Hockley dome,33 and may be
the source for radium and radon found in water on the Gulf Coast. The uranium presumably
is precipitated in the reducing environment surrounding the dome. As ground water flows past
the dome, it entrains the soluble radium and radon.

In the absence of a uranium-radium-radon source, radon concentrations observed in Tertiary
clastic aquifers in Texas were quite mild, 100 pCi/l or less. These concentrations wen: clearly
in contrast with up to 1,400 pCi/J found in spots near igneous rocks in the Llano region or
near the lignite deposits in ihc Carrizo Wilcox aquifer. Even greater anomalies, up to 6240
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pCi/C or 26,0(X) pCi/C, were found on the Gulf Coast. This large variation suggests that it may
be external sources, e.g., uranium ashes, leaky faults, salt domes, and not the bulk mineralogy
of the aquifer which cause elevated concentrations. This should be an important consideration
when decisions arc made about sites for drilling water wells. We advise against developing
domestic wells near faults or other potential uranium traps.

The tertiary clastic aquifers extend in the United States all the way from south Texas to the
mid-Atlantic states. The presence of radon documented on the Texas coast suggests that
unsuspected radiation anomalies may exist in coastal water supplies elsewhere, in the United
Slates and other countries. Conversely, the presence of high radon may have resulted from the
interaction of coxstal aquifers with salt domes, faults, lignite, and uranium bearing volcanic
ashes. In this case, the extent of high radon ground water might have been underestimated
previously and may not be confined to the south Texas uranium belt. There are at least 467
salt domes documented by drilling in the Gulf region of the United States and Mexico,-*4 and
scores of other domes where salt has not yet been penetrated by the drill. Salt domes have
been documented in Europe, Asia, and Alrica.35"*Q

The significance to health of radon anomalies observed in Texas is not yet known. The U.S.
EPA is now proposing to set a maximum contaminant level for radon in public water supplies
at 300 pCi/{, Our data show that 96 wells (64 percent) from a total of 149 public water
sources surveyed in our study had radon concentrations greater than the proposed maximum
contaminant level. Concentrations as high as 26,000 pCi/C of radon (and up to 23 pCi/t of
radium) were encountered in public water wells along the Texas Gulf Coast and in parts of
west-central Texas. Furthermore, 55 rural domestic wells (26 percent) of a total of 206 rural
wells surveyed had radon concentrations in excess of 300 pCi/J.

Parts of the Gulf Coast area have been identified in the literature as being in the highest decile
in the nation for respiratory cancer mortality.41"42 The geographic distribution of cancer
mortality in Texas by counties, cities, and by water sources was described for the period from
1964 to 1976 by Cech and co-investigators.43 The analogy of the pattern depicted in Figure 6
with those on Figures 2 and 5 is worth noting.

Counties with high respiratory cancer mortality rates lined up downdip from uranium deposits.
The average age-adjusted rate for white males in counties using water from the Ogallala aquifer
was 43 per 100.000. but it was 48 per 100,000 in counties of the Carrizo Wilcox aquifer, 54
per 100.000 in the Hickory sandstone aquifer, 62 per 100,000 in the Gulf Coast aquifer, and
74 per 100,000 in the down-dip counties of the same Gulf Coast aquifer (Tables la and 1b).

This gradient in average annual county mortality rates was not eliminated statistically when
several other county-based characteristics (sociocconomic differences, occupation in cancer risk
industries, ethnic diversity, mobility, and degree of urbanization) were taken into account as
covariablcs. The variations observed for females were in the same direction but not statistically
significant. The cohcsivcncss of patterns alone is not sufficient evidence that water may be a
causal factor in respiratory cancer. The lifestyle and other environmental cancer risk factors
arc loo complex and too intertwined to allow for disentanglement simply by comparing mortal-
ity and environmental patterns. A much more rigorous analytical treatment of the subject is
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Figure 6. Mortality by Texas counties from malignant neoplasms of respiratory organs,
1969-1976 (age-adjusted annual average rates per 100,000). Source: Cech et al.43

necessary. The concentration of petrochemical, shipping and other industries on 'he Gulf Coast
make industrial air pollution high on the list of suspect causal factors in respiratory cancer.
There may be regional differences in smoking patterns within the Slate of Texas. However,
even though the risk from other cancer-provoking agents might also differ geographically, it
would be unwise to ignore the possible contribution of wafer-conveyed factors. Wiih (he
emphasis on air-tightness of dwellings necessary in the hot and humid climate of Texas, it is
conceivable that releases from domestic use of ground water contribute a significant amount
of radon to indoor air. The observed pattern was sufficiently suggestive to warrant further
attention to radon and to cail for future investigators to include this factor in cpidciniologic
studies.
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Table la. Means of Age-Adjusted Annual Average Respiratory Cancer Mortality
Rates by Aquifer and Significance uf Differences by ANOVA* -

Ground Water Using Counties/ Texas, 1974-1976

Aquifers

OgaUala

Carrizo-Wilcox

Hickory Sandstone

Gulf Coast

Significance

Number of
Counties

25

13

5

36

Rates Per 100,000

Aggregate
Population

25

30

30

32

<0.05

White

Male

43

48

54

62

<0.01

Female

10

12

8

13

*

Table It). Means of Age-Adjusted Annual Average Respiratory Cancer Mortality
Rates by Location on the Outcrop or Downdip of the Gulf Coast

Aquifer and Significance of Differences by ANOVA* •
Ground-Water Using Counties/ Texas, 1964-1976

Outcrop

Downdip

Significance

26

10

30

33

P<.01

57

74

p<.oi

12

15

-

'Inclusion criteria: population of at least 1,000 (1970 census); more than 50% of the population was on ground
water, and no changes in source of drinking water (ground/surface) occurred over the study period.

'Source: Cech el at.43
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HEALTH CONCERNS ASSOCIATED WITH ENVIRONMENTAL
CONTAMINATION DUE TO INJUDICIOUS DISPOSAL

OF HAZARDOUS WASTES
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Hazardous waste management: emerges as an acute problem worldwide, and the human
health risk is at the heart of the matter. This presentation is aimed at an international audience
of chemists and industrial engineers, inviting their attention to health concerns surrounding
improper storage and disposal of hazardous chemicals and radio-chemicals. It is hoped that this
information will be helpful to the Symposium's participants in formulating environmental
protection policies in their respective home-countries.

Practically all manufacturing brings about the production of wastes. Many common
industrial by-products are potentially hazardous if injudiciously disposed and allowed to come
into contact with the human population. Wastes may be ignitable, corrosive, reactive, and they
may exhibit toxic, carcinogenic, or mutagenic properties. Human exposures occur when wastes
migrate from disposal sites and contaminate ground or surface water, soil, air, seafood, or
agricultural produce. Acute health outcomes may follow exposures to high doses of hazardous
chemicals, and exposures to low concentrations for extended periods of time may induce chronic
illnesses.

At issue is finding appropriate strategies to deal with hazardous wastes and methods to
protect human health and the environment. However, in situations when industrial productivity
concerns supersede other considerations, environmental protection often is given low priority.
Evidence of uncontrolled releases of hazardous substances can be found in many parts of the
world and examples in this presentation will be drawn from experiences in the United States,
Mexico, and Central America, as well as Central and Eastern Europe. Also acknowledged in
these examples will be limitations inherent in efforts to establish causal relationships between
human exposure to hazardous substances and increased prevalence of adverse health outcomes.
These limitations of the scientific evaluation methods are particularly obvious when dealing with
simultaneous effects of several chemicals and complex chemical mixtures, such as exist at most
hazardous waste disposal sites.
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