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INTRODUCTION

European research on the application of ionizing radiation for
the treatment of liquid and solid waste had made such rapid progress
that in 1975 the European Society" of Nuclear Methods in Agriculture
(ESNA) decided to include a working group on 'Waste Irradiation1

within the Society. The objectives of this working group is to ex-
change ideas, experiences, and techniques with the aim of promoting
the advancement of agricultural science and to optimize the
application of nuclear techniques in pollution abatement. Meetings
are informal with plenty time permitted for discussions.

The first separate meeting of this working group on 'Waste
Irradiation1 was held at Munich from 8 to 11 June, 1976. It was
attended by 40 scientists and delegates from research institutes,
universities, industries, and governments from in. and outside
Europe. During four days a total of 19 papers were presented. The
participants also visited a pilot plant and inspected agricultural
field experimental sites. In the final session a summary of the
previous sessions was given, followed by discussions on future
prospects and recommendations for research and development in the
area of waste irradiation.

The full text of all papers are published in this volume. Some
resetting has been done to the extent considered necessary for the
readers understanding. The views expressed and the general style
adopted remain, however, the responsibility of the authors. Papers
have been printed by direct photocopying of the manuscripts.

The meeting was organized in close and very pleasant coope-
ration with the Bayerische landesanstalt fur Bodenkultur und
Pflanzenbau at Munich. Dr. A. Siiss and his coworkers were so kind
to serve as our host. We are grateful to our German friends for
offering us this chance to meet and for providing us the excellent
facilities.

We hope the ideas and experimental results reported here will
help the people involved in research, industries, municipalities,
and agriculture to optimize the applications of nuclear techniques
in pollution abatement.

A.F. Groneman,
Editor and Chairman of
ESNA working group
•Waste Irradiation1,
P.O. Box 48,
Wageningen,
THE NETHERLANDS.
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PROBLEMS IN THE USE OF MUNICIPAL WASTES IN AGRICULTURE

A. KRAUS

President of Bavarian State Institute for soil and plant

cultivation, Munich

Abstract

PROBLEMS IN THE USE OF MUNICIPAL WASTES IN AGRICULTURE
Bavarian agriculture has successfully applied sewage sludge to

farmland for more than thirty years. Problems in the use of municipal
wastes in agriculture are discussed and agricultural research projects
at the Bavarian State Institute for soil and plant cultivation are
explained.

It Is of great honor for me to welcome you at the Bayerische Lendes-
anstalt and on behalf of the Bavarian Ministery for Food, Agriculture
and Forestry.
I am glad that you choose our institute for your working group meeting
because problems in the use of wastes in agriculture are interesting
already since more than twenty years.

The "Bayerische Landesanstalt" is an agriculture research and
extention institute for problems of Bavarian agriculture. The institute
is divided in five departments with fifteen subdivisions and fifty
three groups.

During the last twenty years Bavaria become more and more an
Industrial state, but agriculture and forestry is still important. At
this time 3-5 million ha were used for agriculture and 1.7 million ha
for forestry. kti% of the agricultural land is pasture. Our agriculture
today is directed to an integrated plant production considering
Important enviremental aspects. The use of municipal waste in agriculture
is tried in this country for a long time. Munich City is one example
because more than thirty years sewage sludge was applied successfully
to farmland.

Because the load of sewage sludge and compost w.i th anorganic and
organic toxic substances is increasing, the application in agriculture
becomes more and more serious. On the other hand we know that in our
waste several nutrients are available for plants and soils. But the
total amounts of nutrients are nearly negligiable today compared to the
nutrients supplied by mineral fertilizers.

By the used sewage treatments 0.8 million tons of organic matter
are produced in the BRD per year. Cattle manure production lies at
18-19 million tons for organic matter.

For our agriculture the fertilizing effect of waste is mostly
interesting. He has to be considered under the aspects of the production
of humus, plant available nutrients, trace elements and the possibility
to improve pH and soil properties.

But we have to consider the content in organic and anorganic toxic
substances. The amount of heavy metals is mostly important. By the use
of waste in agriculture toxic substances may be transferred to soil and
plants. In the future, hygenic aspects become more and more important
for pathogens and viruses, dangerous for men and animals, and for plant
deceases. Pathogens can be controlled successfully by special
treatments and composting procedures. The pasteurization is, therefore,
used in several sewage plants.

The radiation treatment is an alternative process which must be
studied seriously. This is one aim you would like to claim during
your working group meeting.

A lot of problems still exists which have to solve. Your meeting
can contribute successfully with new results obtained in the last. I
wish you a happy stay in our lovely city and the white-blue heaven of
Bavaria. - 2 -



REVIEW OF POLLUTION PROBLEMS IN DUTCH LIVESTOCK PRODUCTION
AND WASTE WATER PRODUCTION BY THE AGRICULTURAL INDUSTRY

J.H. VOORBURG
Rijks-Agrarische Afvalwaterdienst,

Kempenbergerweg 67, Arnhem

The Netherlands

Abstract

REVIEW OF POLLUTION PROBLEMS IN DUTCH LIVESTOCK PRODUCTION AND WASTE
WATE?. PRODUCTION BY THE AGRICULTURAL INDUSTRY

Actual environmental problems related with l ivestock production
and wi th waste water production of agr icu l tu ra l industry in the
Netherlands are described. Topics covered are: the manure surplus,
ongoing research programmes,odor problems and odor con t ro l , po l lu t ion
problems in potato processing, in dairy industry, and in slaughter
houses. Waste water treatments in food industry and waste disposal
In agr icu l ture are also discussed.

' Livestock and environment.
The environmental problems connected with 1ivestock production in the Netherlands
are rooted in the dense population and in the small acreage of the Dutch farms. The
economic development since the last world war stimulated the farmers to increase
their production per worker. On small holdings this could only be done in increasing
livestock production. The by-products of livestock are manure and odors. So more
and more farmers produced more manure than they couid u t i l i se by land spreading
on their own farm. The increasing production of bad odors gave rise to complaints
from neighbours. Due to the urbanisation of rural .areas this neighbours are very
often non-farmers and have less understanding for the rural aromas produced by
livestock farms.

The manure surplus.
For an optimal u t i l i sa t ion of livestock manure suff icient storage capacity should be
available to cover periods in between two seasons, suitable for land spreading. This
Is also the case i f there is a surplus to be spread on the land of other farmers.
When this farmers are l iv ing at a certain distance extra costs for transport of
manure have to be made. This usually does not give problems as long as the costs of
transport can be paid with the value of the manure as a f e r t i l i z e r .

From this point of view roughly three types of manure should be distinguished:
a. Veal calf manure: a very diluted slurry; 1-2 % dry matter value as a f e r t i l i s e r

very low.
b. Ptg slurry and

other s lurr ies:

c. Solid manure:

6-3 % dry matter, value sufficient to cover the costs .of
transport over a distance of 10-25 km.
manure from a manure heap with straw or litter and manure dried
In the stable. This manures are very appreciated and can be
transported over long distances.

As soon as the price of manure is not high enough to pay the costs of transport the
situation becomes different. The farmer is looking for a disposal system at the
lowest costs, e.g. disposal in the surface water are giving an overdose of manure.

- 3 -



In the Netherlands the research on the above mentioned problems
is concerted by a Committee named Megista. This name is compo-
sed of the first letters of the Dutch words for manure, urine and
odor.

The research on problems connected with the manure surplus is di-
vided over k working groups:

a. Landspreading and pollution of waters and soil contamination.
This group is studying following problems.
x Nitrogen: Application of nitrogen in organic manures leads
to a, compared with fertilisers, extra leaching of nitrate to
the ground- or surface water. This nitrate losses increase
when an overdose of manure is applied. There is insufficient
knowledge about the denitrification of this nitrate in the
deeper layers.
x Phosphates: Especially poultry manure is relative rich in
phosphate. Together with overciosing this rosulta in accumu-
lation of phosphates in the soil. In the long run we have to
prevent a saturation of the capacity for a^sorbtion of phos-
phates. Kolenbrander (1971) estimates the phosphate losses
from cultivated soil on 0.06 kg P/ha/year from arable land
and 0.2.k kg P/ha/year from grasland. The rainfall contains
ca. 3 P kg/ha/year. The research program aims at the deve-
lopment of a model on accumulation of phosphates to be able
to predict the effect of overloading with phosphates on the
long run.
x Copper: The ration of fattening pigs contains 200 - 250
ppm Cu. This results in +_ 1000 ppm Cu on dry mather basis
in the manure. This causes an overdosing of the soil with
Cu already with optimal application rates of manure. This
Cu accumulation can easily reach a level that is poisonous
for crops and animals. This can also be the result of land-
spreading of other heavy metals e.g. sewage sludge.

b. Transport stppa%eT and treatment of manure.
This grojp does mainly development work to reduce transport
costs and improve the value of the manure e.g. by increasing
the dry mather content or separation in different fractions.
The group cooperates with the "manure banks" organised by the
livestosk farmers. This manure banks stimulate the application
of orgsnic manure on farms and in regions without a manure sur-
plus . .'

Special attention was paid to the spreading of diseases with
the transport of manure. This study lead to the following
conclusion: "Landspreading on the same farm is without pro-
blems/ because at this level there are so many direct and in-
direc,'; contacts between the animals that landspreading as a
vector of diseases can be neglected.



Excepted epidemic outbreaks of some diseases, transport and
spreading of manure on the arable land of other farms is
without problems if the manure is applied in autumn or spring
before 6owing. Spreading of manure on the grassland of other
farmers is nat advised^ Farmflrs with grassland usually have
cattle and with manure production from this cattle sufficient or-
ganic manuring of that grassland is possible. Special attention
should be paid to the spreading of sewage sludge on grassland.
In addition to the problems with heavy metals there is a risk
that the cycle of some parasites is closed. Attention should
be paid to parasites with as host, man, dog or cat in one phase
and cattle in the other phase: Echinococcus species and Taenia
saginata (tape worm).

c. Biological treatment.

The very diluted veal calf slurry was seen by some farmers as
a waste water and disposed in the surface water.

With a BOD5 of about 7500 mg/1 this causes a heavy water pollu-
tion. A set of experiments was carried out on the breakdown of
this waste water in an oxidation ditch. Ten Have (1971) reports
that it is possible to reduce the BOD5 with 99# to a level of
50 - 100 ppm. The authorities responsible for water quality
usually don't except this "purified" manure. Officially it can
be refused because the BOD5 is not below the standard of 20
ppm., but a more serious reason is the high amount of nitrogen
and phosphates in the final effluent. Moreover there is a sus-
picion about the management of an oxidation ditch by livestock
farmers. The newest development is a cooperatieve oxidation
ditch with disposal of the final effluent in the public sewer.
Hesearch on a pilot scale with denitrification and phosphate.re-
moval with lime gives promising results.

d. Nutrional aspects.

The amount of minerals in the ration is the main factor for the
mineral composition of the manure. As the amount of manure that
can be applied per ha is determined by the minerals, attention
should be paid to the mineral composition of the concentrates
especially when minerals are added. The most difficult problem
is the copper in the ration of pigs. This copper is not a nu-
trient but seems to play a prophylactic role. It improves food
conversion and growth. An alternative is the addition of anti-
biotics. The development of a more acceptable alternative will
be the best solution.
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An interesting aspect of manure and nutrition is recycling. It
is estimated that our domestic animals produce half of the pro-
teins in the form of beef, meat milk and so on and the other
half in the form of manure.

However it proves to be difficult to make a practical use of
this knowledge. The best results are reached in mixing
10-20$ dried poultry manure in the ration of beefcattle. In the
Netherlands this is not allowed for ethical reasons. When recir-
culation of manure has a perspective, attention should be paid
to desinfection. This will not give to much problems when dried
manure is used. In the U.S.A. Harmon (197*0 recycles aerated
pig manure. During the aeration there is a growth of single-eel
proteins in the form of sludge. He takes profit from this pro-
teins in giving the oxidation ditch mixed liquor as drink water
to the pigs. This system reduces the volume of the manure to a
great extent. The recycling of pathogens seems to be one of te
main problems.

Odors from livestock.

As result of our dense population and the increasing intrest for
living in che country side, many livestock farmers have neigh-
bours at distances of 100 - 300 meter or even less. An increasing
number of this neighbours have no relationship with livestock
production. So the number of complaints about bad odours and
sometimes flies is growing fast.

The Nuisance Act. places the livestock farmer in a weak position.
Even if hj[s family has been living on the farm for centuries,
complaints of a new coming townsman can lead to closing down of
the livestock building or urge the farmer to make high cost for
air scrubbers or other systems to reduce the emission of odors.
Very often the consent for enlargement of the livestock is re-
fused.

For this reason odor control got the first priority in our re-
search program. However the main bottle neck for this research
is the measurement of odors.

Odor measurement techniques can be devided in olfactometrical
andanalytical. For olfactomefcrical measurement the main instru-
ment is the nose. The odorous air is diluted with clean air.
The number of dilutions at the threshold value is a measure for
the odor intensity.

Some portable olfactometers have been developed. One of the main
problems is the fact that the testing person is working in an
odorous environment.
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Differences in sensitivity and adoption to thesmell are other
reasons why the use of this instruments is often disapointing.
More reliable results can be obtained with panels, working in
aft isolated cabin. However this is so expensive that for finan-
cial reasons the employment of panels has to be very restricted.
Analyses of odorous air with the aid of gaschroraatography have been
done in different countries. In the Netherlands Schaefer (197*0
found the following components as important for the odor of pig
manure: indole, skatole, fenol and the aliphatic carbonic acids
C2 - C5. But is was not yet possible to find a good correlation
between the olfactometric measured odor intensity and the con-
centration of one or more components.

In spite of this handicap we try to continue the research on odor
control. This research aims at de development of three models.
x Odor production and odor emission.
The main sources of odors from livestock are the mar.ure and the
animal. Their is not yet made a fair estimate of the contribu-
rion of each of them. Experiments in a respiration unit can give
information about the odor production from ths animals. If this
contribution is relative small we should concentrate on. ef-
forts on the removal of the manure from the stable. A promising
6ystem is aerated storage of the manure outside the stable. The
fresh produced manure can be flushed out of the stable with this
aerated and odor free manure.

The main bottle neck for this system are the energy costs of
about 100 Watt=-hour per pig per day. For this reason a new re-
search program has been started recently, aiming at the pro-
duction of odor free manure by means of anaerobic treatment.
xTransport and dispersion of odors.
The concentration of odorous components outside the stable is
so small that it is not possible to study their dispersion
with the help of sampling and analysing. From the industry many
models about transport and dispersion of odors are available.
However this models have very often emission from a chimney as
starting point and there is little information about the validity
at distances of less than 200 m. Because this short distances in
the Netherlands are very important for odors from livestock we
are going to test the dispersion models with SFg as a tracer.
Livestock farms are not very appreciated as a part of the lands-
cape. This can be improved with the help of a curtain of trees
or busheso A special study will be made on the influence of
plantations on the dispersion of odors.
x Odor immission.

If an odor immission is acceptable or not depends not only in
concentration or intensity but also on time and frequency.
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I

An estimate of the acceptability can hardly be made because
also the opinion about modern livestock production and the
relation to the livestock farmer have influence. None the
less the acceptability of odor iimuissioa plays on i.mportant
part in the Butch legislation on odor nuisance.

The Public Health Inspector who has to make a judgement about
the consent for the livestock farmer works with the graph in
figure 1.
This graph gives an indication if there is sufficiant distance
between a livestock farm and houses of neighbours or public
facilities.

The required distance depends on the size of the farm:

1 unit: 1 fattening pig
1 veal calf
1.5 breading sow
15 layers
30 layers on deep-pit
100 broilers

The four lines are related to the acceptability of odour immis-
sion

I : builded area, hospital or holiday bungalows'

II : A ribbon of houses along a dike or a canal or a

number of houses not occupied by farmers.

III : One or two houses not occupied by farmers.

IV : Region with only agricultural dwellings.

If the required distance is not available the consent for a new
stable will be refused or only given with severe conditions
about odor emission as the installation of air scrubbeis or some-
times a chimney.
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Water pollution by the agricultural industry in the Netherlands.

The raw-material of the agricultural industry is organic matter.
This results usually in a high oxygen demand of the waste water.
Already centuries ago the canals that recieved the waste water
from industries like breweries or tanneries were in a bad odour.

In the period before 1970 some Waterboards requiered polluters
to purify their waste waters. This was done by means of consent
based on the regulations of the waterboard.

Legal power, however, to force polluters to purify the waste
water was very limited and so the progress in waste water treat-
ment was insufficient.

The 1970, Surface Water Pollution Control Act, resulted in a
rapid increase in the number of purification plants and especial-
ly in the agricultural industry in a reduction of the waste water
production.
The Act prohibits the discharge of polluting matter or harmful
substances without consent.
The controling authority can give permit for discharge and
such a permit is always conditional and until further notice.
There can be limits for the concentration of polluting and harm-
ful matter as well for the totale load to be discharged.

Apart from the consent a pollution tax is imposed relating to
the polluting load discharged. The law enables the authorities
to raise a tax upon oxygen consuming wastes and on inorganic
materials. At present usually only the first is used. Every
discharge is assessed on a population equivalent basis (p.e. units)i
For standard domestic sewage the chemical oxygen demand is taken
2.5 times the BOD-load of 5*f gr per inhabitant per day. This gives
a COD/inhabitant of 135 gr/d. To this the NOD (Nitrogen oxygen
demand) is added. Therefore the Kjeldahl nitrogen load is mul-
tiplied by the factor *t.57. According to the formula for ammonia
oxidation,

2 N % + + h 0 2 —>• 2 NO3 + ^ H
+ + 2 Hp0

it can be calculated that for the complete oxidation of one gram
nitrogen *K57 gr of oxygen is needed.
The law is supposing that the daily amount of Kjeldahl - N of an
inhabitant is 10 gr. This leads to a NOD of k5 gr per day. The
sun of COD and NOD is an oxygen demand of 180 gr per inhabitant
per day
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For industrial waste the load in p.e. units can be calculated as:

g/d COD + k.57 g/d N
180

To make this calculation, measuring the volume of the waste water
flow and proportinal sampling is necessary.
In cases where the costs of this control would be too high rela-
tive to the polluting load e.g. in small industries, the law al-
lows the polluting load to be calculated from certain production
figures.

The law also enables in-organic discharges to be taxed according
to type and e'ffect e.g. heavy metals, phosphates or salt. Until
now this approach is only used in some regions for salt and
since 1976 for Hg (1 kg Hg: 1 p.e. unit). To reduce the in-
organic discharge the autorities can forbid them in the concent.
This can be the case with the discharge of brines.

If the waste water is tBeated in a purification plant wich is more and
more the case (table I), the volume of the waste water will be
charged if it differs from 100 1 per p.e. unit per day. This
charge (called: volume correction) can be positive and negative.

It is usually calculated as 5 p.e. units per rnvday. Some agri-
cultural industries e.g. the canning industry have a peak in there
waste water production. This "peak" can be charged according to
the formula 5/7 (p.e. units in peakperiod) + 2/7 (average number
of p.e. units).

Table II gives the development of the water pollution tax.
From this table you will understand that the reduction of waste
water pollution became an important factor in the management
of the agricultural industry.

The agricultural industry.

The waste water production in p.e. units in the Netherlands in
1969 is shown in the tables III ad IV. They demonstrate clearly
the important part the agricultural industry plays in the water
pollution with biodegradable material. The food processing in-
dustry contributes with 1?.k x 106 p.e. units more than 50?£ to
the water pollution. On the other hand estimating the tax per
p.e. at / 17-50 the total charge for water pollution on the
food processing industry in 1975 would have been 300 million
guilders.
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Table I. Capacity of waste water treatment plants

in the Netherlands p.e. units (1975).

1-1-1971 5.023.000

1-1-1975 10.933.000

1-1-1980 20.341.000

Table II. Water pollution tax in the Netherlands

in guilders per p.e.

Board

Groningen

Friesland

Drente

West-Overijssel

Regge en Dinkel

Oostelijk Gelderland

Veluwe

Rivierenland

Uitwaterende Sluizen

Rijnland

West-Brabant

De Dommel

State

1972

6,-

6,-

11,75

10,50

10,50

10,50

9,65

9,40

7 ——

7,-- 4

5, --

1975

15,--
15,—
18,-

18,96

15,60

21,00

20,40

22,80

18,50

17,90

20,—

13,—
13,-

1976

21,50

18,-

22,—

25,44

19,44

26,80

2 4 , -

26,80

28,-

19,50

24,-

18,-

15,--
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Table III. Waste water production in p.e. units in

the Netherlands in 1969.

Industrie and services 31«0 x 10

Agriculture and livestock 2.5 x 10

Population 13.O x 10

Table IV. Waste water production by the Dutch indus-

try in p.e. units in 1969.

Potato starch

Paper and paperboard

Dairy

Sugar

Textiles

Yeast and alcohol

Slaughtering and meat proc.

9
3
2

2

1

1

1

Other Food processing industries

(canning, breweries, potatoes

etc.)

Chemical industry

Services c

1

5
k

31

.5
• 5
.8

.0

.0

A

.2

X

X

X

X

X

X

X

X

X

X

X

106

106

106

106

106

106

106

106

106

106

106
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It is obvious that the industry does its utmost to reduce this
charge in reducing the waste water production or applying cheaper
treatment systems.
This will be demonstrated on the base of a more detailed infor-
mation about some industries.

The dairy industry.

The raw-material of the dairy industry is milk. Except from
inevitable cleaning all the water pollution is caused by spil-
ling milk or whey. If e.g. a factory is charged for 5.000 p.e.
at / 15,- = / 75.OOO,- also the following calculations can be
made.

a: The water pollution was caused by spilled milk: 5.000 p.e. =
^.500 kg milk/day
250 working-days = 1.125.000 kg milk/year = 1.125.000 x
/ 0.40 = / ^50.000,-/year.

b: The water pollution was caused by spilled whey: 5-000 p.e. =
5.000 : 0,35 = 1^.300 kg whey/day 250 working-days =
3.575.000 kg whey/year = 3.575.000 x / 0.02 = / 71.500,-/year.

This calculatations explain why it is normal in the dairy industry
to have a device for measuring the waste water production. It is
a check on good economizing of the raw material.

The effect on water pollution is demonstrated in table V.
Table V shows that in this industry the water pollution can be
reduced to 20$. This is the result of simple efforts like, pre-
vention of leaking, collection of all the whey and dripping
milk and "dry" cleaning as the first stap in the cleaning process.

Potato processing.

In many other branches of the agricultural industry the raw-mate-
rial is much cheaper than in the dairy industry.

So good economizing does not pay in the same way as in the dairy
industry. In the contrary it is very often the aim of the process
to remove a part of the dry matter e.g. peeling and blanching.
If this has to be done with the help of water, water pollution
is inevitable.
Fortunately sometimes it is possible to develop a dry alternative
process like the dry-peeling of potatoes-.



Table VI shows the possibilities to reduce the water pollution
cause;1 by the peeling of potatoes. This table is calculated from
a numbtr of observations under different circumstances. It
clearly shows the ways to reduce water pollution. Sievirg with
a pore size <£ 2 mm gives a reduction of 20$. Sedimentation even
after dry peeling reduces pollution to less than ^>0%.

This systems of reduction of water pollution that keep a part
of the dry solids out of the water or remove them afterwards,
give rise to a new problem namely the removal of the sludge.
Fortunately potato-sludge has a value in animal nutrition. The
low dry-matter content (5-15$) is a handicap for a profitable
sale. A practical solution is mixing with dried feeds e.g.
brewers grains for cattle or concentrates for pigs.

Slaughtering.

The most important polluting agents in slaughtering are blood,
fat and manure. (Table VII).
Blood and fat are valuable products. It pays to collect them
carefully.

Almost two-thirds of the water pollution from cattle slaughte-
ring is paunch manure. If it is collected the reduction is 200
p.e. per ton. On a year basis the volume of this paunch manure is
250 x 0.2 = 50 m3.

If the water pollution tax is / 20,- per p.e. unit / 80,- per/m^
manure would be available for collection and disposal of the
manure. As will be explained later on, the reduction of the tax
is only 50$ because the volume of the flow is not reduced.

So in fact maximal / ^0,- per ra3 manure is available for collec-
tion and disposal. The best solution for the disposal is to
spread it on arable land. For reason of the risks of spreading
diseases disposal on grass-land is less attractive.
In literature there is some information about the feeding value
of paunch-manure. Some orientating test in our country are not
promising.

The amount of water.

As the pollution charge is half on organic load and half on the
amount of waste water it pays to reduce the amount of water. Be-
fore the 1970 Act very much water was spilled by not closing the
taps when no water was needed, by cleaning and washing with
abundant amounts of water, by wet transport of products and by
cooling.



Table V. Water pollution by the dairy industry in

p_.e.

type

units per

of plant

ton product per

Efforts

NO

milk receiving station 0.09

butter production 3«0

Cheese production 3»0

milk powder 1.2

fluid milk 0.24

year.

to reduce

Some

0.0^5

1.5

1.2

1.1

1.1

water pollution.

Special attention

0.017

0.56

O.56

0.22

0,12

untreated

after sieving

after sedimentation

270
220

110

Table VI. Water pollution in p.e. units caused by peeling

of potatoes (p.e. units per ton potatoes/day).

wet peeling (steam or lye) dry peeling

135

110

75

Table VII. Water pollution in p.e. units per ton

slaughtered weight/day.

(ten Have 1975).

cattle pigs

Total +325 +115

Paunch manure 200

Content of stomachs

and entrails 31 ^5
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In many cases the amount of water can be reduced strongly by
good economizing, by recycling wash water, special cooling
towers and so on.

As already calculated in the case of paunch manure 1 tP water/
day or 250 m3/year gives an extra tax of 5 ^-e. units. This
means / 75.- - / 125,-/year of / 0,30 - / 0,50 per m3. The main
restriction for recycling of water has to be found in hygienic
conditions e.g. wash water in slaughterhouses and canning in-
dustry and cooling after canning of fruits and vegetables.

Waste water treatment by the industry.

A.) Complete purification.

The increasing waste water taxes gives rise to the question:
Is not it cheaper for the industry to have an own waste water
treatment plant?
The philosophy behind this question is that the industry can
build cheaper than a public service. More-over a part of the
plant e.g. the building site, the fences, the office and so on
is already available.

This may be true, but the water boards are calculating the
tax as an apportionment of their purification iosts. In estima-
ting this costs they usually have an amortisation period of 20
years or more. In the industry an amortisation period of 10
years is the maximum.

Even within 10 years there is a big risk that as a result of
increasing or changing production the purification plant does
not meet the requirements. Sometimes complete treatment of the
waste water by the industry is the only solution because there
is not a communal purification p3ant in the neighbourhood or
the capacity of this plant is too small.
Purification of the waste water of the agricultural industry with
an active sludge system can give special problems namely the se-
paration of the final effluent and the sludge. If the waste water
is rich in sugars or carbohydrates a heavy filamentous growth
may occur, resulting in bulking sludge with a sludge volume index
of far over 100 ml/g. Also from the potato processing industry in
other countries many cases of bulking sludge are reported.
This bulking is caused by different filamentous microorganismes.
It can be induced by different factors wich mainly have to do
with a nutritional unbanlance: abundance of sugars, deficiencies
in nitrogen, phosphate or trace elements). Pipes (196?) supposes
that the ratio surface/volume of the micro-organismea is an ad-
vantage for the filamentous microbes in the competition for
nutrients.
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Sludge bulking can be prevented in treating the waste water in a
trickling filter. However this treatment system asks much higher
investment costs.

Partial treatment.

The suspendid solids in a waste water can be removed with the help
of sieves, decanters or sedimentation tankj. The diluted matter
and the very small particles can be removed with a biological
treatment. A partial removal can be reached at low costs in wor-
king with a high loading rate.

In calculating the profitability of a partial treatment one should
not forget the casts of disposal of the sludge that is produced.
This costs can be low if the sludge has a value in animal nutrition.
Very often however the low dry matter content makes this inattrac-
tive.

Under Dutch circumstances there is another.limiting factor: the
charge on the volume of waste water when it differs from 100 1 per
p.e. unit/dsy (25 m? per p.e. unit/year). If e.g. with sieving the
organic pollution is reduced with 2.000 p.e. units, the correspon-
ding volume is reduced with 200 m-vday. This means un extra charge
on the volume of 1.000 p.e. units.

In other words the pollution tax is not reduced with 2.000 but on-
ly with 1.000 p.e. units.

Land disposal.

The agricultural industry lives in narrow contact with agricultu-
ral production.
So it is obvious to look for the possibilities to recycle the wastes
from this industry in agriculture. In the Netherlands special at-
tention is paid to the possibilities for land disposal of the waste
water from the potato-starch industry.

The potato-starch industry is situated in the north-eastern part
of the country.
It is a typical seasonal processing industry (Sept-December), so it
is expensive to treat the waste water in purification plants. At a
waste water production of 8 m? per ton potatoes the average compo-
sition of the waste water in mg/1 is: 8.^00 COD, kZO N., 190 POj,.,
580 K.
In experiments the land was flooded with amounts as high as 500 mm.
(De Haan 1973).
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It was shown that there was a increase of components in the ground-
water. However the degree of purification, expressed as a percen-
tage removal from the waste water was extremely high. Because of
the risks of polluting groundwater and the large area needed pre-
ference was given to a combination with agricultural use of the
nutrient elements. In the supposition that 50% of the S ad P a 80#
of the K in the waste water is available for the crop an estimate
can be made of the amount waste water to be disposed. For the potato
waste water mentioned before it varies from 15-30 mm. An overdose on
potatoes reduces the starch content and on cereals there is an in-
creasing risk for lodging.

Experiments on an acreage of 100 ha showed a crop production compa-
rable with fertilizers. The costs of land disposal with sprinklers
were estimated to be about two and a half guilder per p.e. unit.

The bottle neck for large scale application is the organisation of
a good cooperation with the farmers.

Summary.

The environmental problems caused by livestock production have
to be distinguished in manure and odors. The key to a manure
surplus is the amount of minerals.

If there is an unbalance between in-put and out-put of minerals
there is a risk for water-pollution and soil contamination. The
sollution should be found in redressing this balance or in the
development of alternative disposal systems.

The odor problems can be reduced if sufficient attention is
paid to a zoning system that separates areas for housing from
livestock production. But even than it is inacceptable that
livestock production has a bad smell.

A suitable measurement technique is important for the reduction
of odor production and odor emission to a minimum.

The surface water pollution control act in the Netherlands has
influenced the waste water production by the agricultural indu-
stry.

The high tax on waste load and volume of the waste water has
lead to a decreasing flow and a decreasing oxygen demand.

The charge on the volume of the waste water, makes partial
treatment less attractive. Complete purification by the indu-
stry itself is only a solution under special circumstances.
If sufficient land, is available, land disposal can be a cheap
solution.
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Abstract

DOSIMETRY IN THE MEGARAD RANGE BY MEANS OF ESR-SPECTROSCOPY ON FREE
RADICALS OF AMINO ACIDS

Starting from the difficulties in determining doses in the range from 10 krd
to 1 Mrd using conventional measuring techniques which are based on optical
signals, a non-optical dosimetry technique is described using the paramagnetic
absorption of irradiated organic materials whose approximate tissue equiva-
lence allows widely energy independent dose determinations. On the example
of the amino acid alanine, dosimetrical details are given and practical ex-
periences with this technique are reported, such as dose-effect relationsphip,
sensitivity scattering within a large collective of detectors and signal loss
with storage time.

INTRODUCTION

Dosimetry in the range above 10 krd up to several Mrd often is based on

radiation induced discoloration in liquids or solids combined with an appro-

priate readout-technique, such as densitometry or spectral photometry. Typical

examples are the chemical dosimetry or the dosimetry with perspex, dyes and

special phosphate glass detectors. Since for many practical applications of

such dosimetry techniques, for instance in the field of hygenization of
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sewage sludge or sterilisation of food, the detectors should preferably be
of good mechanical stability, we favoured the glass dosimetry, so far /I/.
However, this technique turned out to be remarkably influenced by inhomo-
geneities in the glass material and by surface contaminations; therefore
the read-cut procedure has become complicated and time consuming. For this
reason, we continued investigating other dosimetry techniques, particularly
such ones which can be evaluated non-optically.

Very promising results were obtained by using the paramagnetic resonance
signal of irradiated phosphate glasses 111. However, because of the pro-
nounced energy dependence the glass detectors seemed disadvantageous in case
of usual irradiation-facilities with a relatively unknown spectral distri-
bution. Therefore, efforts have been made to study the applicability of
organic materials for dosimetry. By the way, the amino acid alanine appeared
suitable for a practical dosimetry whose investigation took, moreover, profit
from similar studies at the French Atomic Energy Commission /3/.

EXPERIMENTAL

Alanine is an amino acid of the formula CH3-HCNH2-COOH. For the dosimetry
measurements, it has been used as pellets of 4 mm 0 and 7.5 mm length based
on purified polycristalline material which has been mixed with paraffine.

Most of the irradiations have been performed with a 20 kCi Cobalt-60 source
of the "gammacell" type in the dose range between 30 krd and 3 Mrd. The dose
rate was approximately 1 Mrd per hour, the ambient temperature in the irra-
diation chamber up to around 50°C. For a homogeneous irradiation of larger
numbers of detectors a 7 kCi Cobalt-60 therapy unit of the "Eldorado" type
has been used, providing a dose rate cf 6.6 krd per hour at the source
distance chosen; a field size of 10 x 10 cm yielded reliably field homo-
geneity. Both irradiation units have been supplied by Atomic Energy of
Canada.

The paramagnetic absorption of the irradiated detectors has been measured

on a Varian E9 X-brnd ESR spectrometer at constant microwave power level

(2 mW) at room temperature.



RESULTS AND DISCUSSION

Fig.l shows the first derivative of the paramagnetic absorption spectrum of
alanine at two dose levels, 20 krd and 1 Mrd with different amplification
factors. Each signal consists of several peaks due to the hyperfine inter-
action of the unpaired electron of the induced free radicals. The predominant
free radical is of the type CH3-CNH2-C00H and is caused by rupture of a C-H
bond.

Generally, the area under the paramagnetic absorption spectrum is proportional
to the number of free radicals. However, if there are negligible secondary
reactions and no changes in the hyperfine structure with dose it is possible
to take the amplitude of the first derivative as a relative measure for the
amount of free radicals. Since in Fig.l, the structures of both the ESR
spectra at 20 krd and 1 Mrd dose level are truely identical, the peak-to-
peak value was taken as a representative reading value in arbitrary units
such as mm for the number of radiation induced free radicals. For quanti-
tative considerations the respective amplification factor of the spectro-
meter has been taken into account, for correction.

Peak 2
Peak 3

!Mrd

20 krd

Amplification 5000

H
50 G

Fig. l : ESR-spectra of alanine for two dose levels.



By irradiating 60 alanine samples simultaneously to 450 krd at the "Eldorado"

unit it turned out that all obtained reading values were very close. As a

result of systematic investigation, Fig.2 shows the distribution of detector

sensitivities within the collective. For each of the three peaks of the ESR

signal this distribution is very narrow with maximum deviations of i 4% re-

lated to the mean value. The relative standard deviation was determined to be

around 1.5%.

30
1 V.

52
S

20-

•s
o 10

i 0J

Peaki Peak 2 r-, Peak 3

-3-2-1 0 1 2 3 4-4-3-2-1 0
Deviation from mean value in %

4 - 4 - 3 - 2 - 1 0 1 2 3 4

Fig.2: Sensitivity distribution of 60 solid
alanine detectors.

By varying the dose level between 30 krd and 10 Mrd it became obvious that

(i) the ESR signal intensity is proportional to the dose applied up

to 1 Mrd and even up to 10 Mrd and more it is only slightly below

linearity (Fig.3). Therefore, the ESR signal of alanine may well

serve for dosimetry.

(ii) the linear dose relationship is valid for all three peaks which

differ hardly in intensity. Therefore each of the three peaks may

be used as a measure for dose.

The lower limit of detection has not yet been investigated. Taking into

account the amplification and modulation amplitude used so far with the

present ESR spectrometer, 100 rd and even less seem to be detectable. A



further extension of the low dose detection limit should be obtainable by
cioosinga more appropriate alanine.

arbitrary
units

Mrd

Fig.3: Dose-effect relationship for alanine-ESR-dosimeters.

In case where an integrating dosemeter cannot be read immediately after ex-
posure, the amount of signal loss during storage or transport caused by
thermal fading is of great practical importance. As is shown in Fig.4, the

1.00

•OQ90

•0.85

V ° ^
X4

A

1
1

1

22°C

\o°c

1 ».
9'0°C i

0

A

0 250 500
Storage time

750 1000 1250 min

Fig.4: Thermal fading of the ESR signal of irradiated
alanine at different temperatures.
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ESR signal of alanine is very stable even at storage temperatures up to
70°C, within the first 24 hours after exposure. At 90°C, one day storage
reduces the reading value by about 10%. Thus the alanine dosimeter signal may
be regarded as practically stable at usual temperatures.

It may be well understood that, for the reason of high costs of the reading
apparatus, the alanine dosimetry may only be interesting if an ESR spectro-
meter is already available. Thus, the use of this type of dosimetry may be
limited mainly to research centers. However, as the signal is hardly
diminished under normal storage conditions, the detectors could in practice
be transported even over long distances for evaluation. Alanine could thus
serve as a kind of "tele-dosemeter" or also "intercomparison dosemeter" in
different application fields.

CONCLUSION

Regarding the properties of an alanine doseineter based on the radiation induced
ESR signal, it appears of high interest for all those medical, technical and
research projects, where high doses (up to more than 10 Mrd) are applied and
must be measured or surveyed. It should be mentioned that this method is a
relative dosimetry requiring a proper calibration and that the samples cannot
be reused. However, the detector material is rather low-priced and, moreover,
can be handled without special care. There are almost no effects of surface
contaminations on the reading value which seems to be also valid for tempe-
rature and humidity. If the rather sophisticated and expensive reading
equipment is not directly accessible, this should not be a principle hindrance
for the application of this dosimetry technique, as the detectors are suitable
for transportation and centralized evaluation,
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Abstract

INVESTIGATIONS OF THE EFFECT OF ELECTRON-BEAM IRRADIATION ON BACTERIA
IN SEWAGE SLUDGE

Investigations of the effect of electron-beam irradiation on

bacteria in sewage sludge.

The effect of electron beams on bacteria was investigates in

2 experimental facilities. A MOO kV electron accelerator was

used to irradiate sludge quantities of 10 1 and 18 0 1. The

total bacterial count, the number of coliform bacteria and, in

injected sludge, the relative bacteria density of salmonella

were investigates. A dose of 0,5 to. 0.7 5 Mrad was required to

reduce coliform bacteria to below the detectable level in

0.1 ml. With a dose of 1.5 Mrad salmonella were reduced by 6

orders of magnitude on the average. In addition, the dependence

of the reduction in bacteria on the dose rate as well as on

mixing of the irradiated material was investigated.

Substantial reproduction of bacteria in digested sludge was

found in all cases after the irradiation.

1. INTRODUCTION

Bv 1985 a sewage sludge output of 38 million m3 is expected in

the Federal Republic of Germany. Disposal of such large amounts

of sludge by incineration or pyrolysis is not possible for

economic reasons. Use of suitable sludge in agriculture would

provide a way out.
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According to a draft of an order regarding § 15 of the Federal

German Waste Disposal Law, only thermally treated, heated or

pasteurized sludges or thermally dried sludges are absolutely

safe when-it comes to preventing disease. The use of gamma

rays and electron beams was also tested as other methods. Both

produce basically the same biological effect, namely ionization

of atoms and molecules. The difference is to be found in the

depth of penetration. This is very low for electron beams.

2. MATERIAL AND METHODS

2.1 Experimental Facilities

Irradiation experiments were carried out in 2 experimental faci-

lities. One facility is located at the Werner and Pfleiderer

Company in Stuttgart-Feuerbach and is designed as a continuous

flow system.The heart of the facility, the electron accelerator

from the Brown, Boveri and Cie AG, Mannheim, has the following

data:

Accelerator voltage: max. 400 kV

Current (total): max. 60 mA on the total width o the
scanner (120 cm)

electrons"™ ° f ^ max- 1-2 ™> <at a density of 1).

In this facility sewage sludge is irradiated in a closed system.

In numerous experiments 18 0 1 of digested sludge were alterna-

tely transferred from a container into the irradiation compart-

ment and back to another container (Fig. 1). The irradiation

channel is oriented perpendicular to the scanner (Fig. 2).

Nozzles through which compressed air is introduced into the

material being irradiated are located on the bottom of the

channel. This compressed air causes turbulence in the 12 mm

thick layer of flowing material as it passes the field of beams.

The radiation dose can be varied by changing the number of

passes or recirculation time.
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Fig. 1: Storage container (200 1 ) , homogenizer, pump
and electrical installations
Company photo: Werner and Pfleiderer, Maschinen-

fabrik, Stuttgart

Fig. 2: Flow system; experimental construction in the
irradiation chamber
Company photo: Werner and Pfleiderer, Maschinen-

fabrik, Stuttgart
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Besides the experimental facility just described, a
facility at the Polymer-Physik Company in Tubingen was
used to carry out irradiation experiments- This facility,
which is designed as a recirculeting system, has an
electron accelerator with the following data:
Accelerator voltage: max. 400 ,kV
Current (total): max. 75 mA
Penetration of the electrons max. 1.2 mm (at a density of 1),

Approximately 10 1 of digested sludge are irradiated in
a tank containing an immersion pump which forces at a high
velocity beneath the field of beams the 6-8 mm thick
layer of material to be irradiated. This guarantees
intensive mixing of the material during the irradiation
(Pig. 3). The radiation dose is obtained from the radiation
time. Twelve (12) seconds correspond to a dose of 0.25 Mrad.

Jc- |e- je-

Immersion Pump

Outlet

Fig. 3; Recirculating system; 10 1 or 50 1 tank with
immersion pump
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2.2 Bacteriological Methods

In both facilities digested sludge with a natural bacteria

content was initially irradiated and then digested sludge

that had been injected with test bacteria. The samples

taken from the experiments with digested sludge with a

natural bacteria content were investigated for:

a) Total colony count/ml (Standard I-Agar; incubation

24 hours at 37°C).

b) Total coliformes/ml (Endo-Agar Type C-Merck;

incubation 48 hours at 37°C).

c) From samples which received the maximum doses counts

were made for coliforms from 1 and 10 ml resp.

(Membranefiltration device, Sartorius Type SM 16201

plus SM 16807).

Digested sludge was injected with salmonella suspensions

in other experiments. Five (5) different salmonella

strains were used: S. enteritidis, S. manchester, S. dublin,

S. senftenberg and S. typhimurium.

The relative bacteria density per ml was determined in the

samples withdrawn.

(Enrichment with Na-Tetrathionate with Malachit-green

added. Selective medium Brillant-Green-Phenol-Red-Agar,

Prilf Mannitol-Agar and Kligler-Agar. Final serological

identification with specific 0-and H-Antisera.)



3. EXPERIMENTAL RESULTS

3.1 Irradiation of Digested Sludge with a Natural Bacteria
Content

Digested sludge with a natural bacteria content was irradiated

in both experimental facilities, the dose being varied by

changing the irradiation time. The intensity of the radiation

was kept constant. A total dose of 0,525 Mrad was used for the

experiments in the continuous flow facility (Fig. 2). Here the

total bacterial count per ml was reduced by about 2 to 3 orders

of magnitude. The reduction in coliform bacteria per ml was 5

orders of magnitude (Tab. 1).

In the recircuiating system (Fig. 3) a total radiation dose of

0.7 5 Mrad was used. Here the total bacterial count per ml was

reduced by 3 to 1 orders of magnitude. The number of coliform

bacteria per ml was reduced by 5 to 6 orders of magnitude

(Tab. 2).

When irradiating with the maximum dose, no coliform bacteria

could be detected in 0.1 ml in any of the experiments.

Table 1: Reduction of the total bacterial count and coliform
bacteria in digested sludge by means of electron-
beam irradiation (continuous flow system)

Technical data: U = 400 kV; I total = 25 mA;
Q.

Layer thickness = 12 mm; Flow velocity=lm/sec

Dose: 1 pass = 0.017 5 Mrad

Number of
passes

0

10

20

30

Dose in
Mrad

0

0,175

0,350

0,525

Total bacterial
count/ml

2,0

1,2

1,6

7,9

X

X

X

X

106

10b

lO*

10d

Coliform

1 4

6,8

1,8

- in

bacteria/ml

x 105

x 103

x 102

0,1 ml
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Table 2: Reduction of the total bacterial count and coliform
bacteria in digested sludge by means of electron-
beam irradiation
(recirculating system)

Technical data: Ufl = 400 kV; I
Q B

- 10 mA

0

12
24
36

Mrad

0

0,25

a,so
0,75

Total 1
count/i

3,3

4,2

2,8

5,8

sac
nl

X

X

c
X

:terial

io6

10*

103

102

Colif

4

5
2
—

orm bacteria/ml

,8 x 10s

,6 x 102

germs

in 0,1 ml

3.2 The Effect of the dose rate
ON the Reduction in Bacteria

The dependence of the reduction in bacteria on the dose rate was

investigated in the continuous flow system (at the Werner and

Pfleiderer Company). Keeping the number of passes constant, the

beam current of 50 mA was reduced to 6 mA step by step (Fig. 4).

The experimental results showed that, with the duration of

irradiation held constant, the same reduction in bacteria can

be attained in spite of reducing the beam current down to

approximately 10 mA (Fig. 4).

According to these results, the duration is of greater importance

than the d o s e of the radiation. The explanation is that the

thickness of the layer of material irradiated (12 mm) is greater

than the penetration of the electrons (max. 1.2 mm). Some of the

bacteria in the digested sludge pass beneath the radiation source

without being irradiated with each pass.
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It is thus necessary to assure that each bacterium is kept in

the irradiated layer long enough to receive a cerbain radiation

dose. This is achieved by mixing the sludge in the field of

beams, piping system and storage tanks.

A minimum dose is necessary when irradiating. According to

the experiments carried out to date, this minimum dose is

approx. 0.007 Mrad per pass and is provided by a 10 mA total

beam current.

If a higher radiation dose per pass is used, an overdose

results. This does not result in any greater reduction in
bacteria.

These results are important for the economy of the facility.

Abb<. Keimreduktion in AbbaviiQkeil der Durchlaute.
Btstrahlung von Faulschlamm bet unterschiedlicbem
SlrohtstrcmtReduktion der cohformcn Heimtl

J
A
H*

10-

,1

fO-

^cotiforme
Keime/mf
fog-

X:—
A : -

- 50 mA
— 25 mA
— 10mA
... 6mA

10 20 X 50 Zahlder
Durchlaufe

Fig. 4-: Reduction in bacteria as a function of the number
of passes.
Irradiation of digested sludge with various beam
currents (reduction of coliform bacteria)



3.3 Mixing of Air with the Digested Sludge during the
Irradiation '

In the continuous flow system the sludge was mixed with injected

air during the irradiation for all experiments. This produces

optimum mixing of the sludge. Without mixing only those partic-

les are irradiated which are contained in th^ irradiated surface.

In addition, this mixing enriches with oxygen the material to

be irradiated. WOODBRIDGE (1) and TUMANJAN and PERSINA (2) have

already pointed out this effect of increased sensitivity of

bacteria to radiation in the presence of oxygen.

The magnitude of this effect was now investigated in the ex -

periments..To this end, digested sludge was irradiated without

the addition of air in a comparative test. The reduction in total

bacterial count and coliform bacteria amounted to 3 orders of

magnitude (Fig. 5).

Keimreduktion in Abhdngigkeit der Bestrahlungsdosis

(Reduktion der coliformen Keime)

Einllul) der Verwirbelungmit Luft

catiforme
Keimr/ml

ohne Verwirbelung
nvt Verwirbehng

Fig. 5: Reduction in bacteria as a function of the radiation
dose
(Reduction in coliform bacteria)
Effect of mixing with air.
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4-. Irradiation of Digested Sludge Injected with Salmonella

Digested sludge, that had been injected with 5 different
salmonella strains, was irradiated in the recirculating

n
system. The initial bacterial count for salmonella was 10'

o

to 10 bacteria/ml.

With the maximum dose of 1.5 Mrad, the strains were reduced
by just under 6 orders of magnitude on the average. In none
of the experiments carried out could the salmonella be reduced
to such a level that they were no longer detectable in 1 ml
(Tab. 5).

Table J: Reduction in bacteria for 5 different salmonella
strains by means of electron-beam irradiation

(recirculating system)

Technical data: U & = 400 kV; I B = 10 mA; Dose =1,5 Mrad

Salmonella
strains

S. enteritidis

S. manchester

S. dublin

S. senftenberg

S. typhimurium

Number of
samples

6

2
2
2
2

Seduction of orders
of magnitude

5-6

6

5
6-7
6
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5. BACTERIA REPRODUCTION AFTER ELECTRON-BEAM IRRADIATION

The samples were stored at room temperature for 4 days after

the irradiation. Then the number of coliform bacteria and

relative bacteria density of the salmonella were redetermined.

The number of coliform bacteria had risen to 10 to 10 bac-

teria/ml after 4 days in all experiments, that is in some

cases to above the bacteria density in the starting material

before irradiation. This reproduction was observed even if

coliform bacteria could no longer be detected in 10 ml directly

after irradiation.

In 2 experiments the reproduction of coliform bacteria in

digested sludge was investigated for 4 days at time intervals

of 24 hours (Fig. 6).

In these experiments the number of coliform bacteria had already

reattained the initial bacteria level after the 1st and 2nd day

after the irradiation. By the 4th day the bacterial count had

once again reached 10 to 10 bacterial/ml.

Abb 6: W/ederwochstum der eoliformen Keime
in Faulschlamm nach der Bestrahtung

cobforme
Xeime /ml
tog.

+ : Po Kontroliprobe
*: PM Prcbtmit 15 •

Mrod Bestrohlungsdosis

-in fOml

1 } 3 t Jogt nod, Bntnhkng

Fig. 6: Reproduction of coliform bacteria in digested sludge
after irradiation
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The relative bacteria density of the salmonella strains also

increased to 10~ to 10 once again after the irradiation.

The reproduction observed is probably caused by bacteria that

remain undamaged during the electronbeam irradiation; for

example, a reduction in the salmonella experiments to below

the detection limit in 1 ml was never attained. In digested

sludge with a natural bacteria content the reproduction is

possibly caused by undamaged coliform bacteria that are present

at such a low concentration that they can no longer be detected

in 0.1 ml.

Actually, it was found in the investigations that, in the

majority of experiments, between 1 and 5 bacteria are still

present in 1 ml.

These microorganisms presumably are derived from "dead parts"

of the pipe system.
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DATA ON THE IRRADIATION OF LIQUID MANURE ARTIFICIALLY INFECTED
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PHYLAXIA Veterinary Biologicals and Feedstuffs Co.,

Budapest, Hungary

Abstract

DATA ON THE IRRADIATION OF LIQUID MANURE ARTIFICALLY INFECTED WITH
FOOT- AND MOUTH DISEASE VIRUS

Research on the application of an ionizing radiation treatment to
liquid manure infected with Foot- and Mouth disease virus is described.
Virus suspensions diluted with a phosphate buffer solution showed a
considerable decrease of virulence already at an exposure to O.k - 0.8
Mrad at low inifial titre. 1.2 Mrad proved to be effective also against
high concentrations of the virus. However, with liquid manure used as
diluent, a certain protective effect was noted against the destructive
influence of radiation on the virus.

INTRODUCTION

The Department for Radiation and Environmental Protection of the
PHYLAXIA Co. has been entrusted with the elaboration of radiation
procedures for the disinfection of various types of town sewage and of
liquid manures originating from large animal production units.

Investigations conducted along this line in the years 1972-7^
included the microbiological testing of town sewage from various communal
settlements, and of liquid manure from several large pig and cattle units,
in order to assess the optimal parameters of disinfection by irradiation.

Part of the results obtained in the above studies were presented
in two papers at the International Atomic Energy Agency Symposium on
"Radiation for a Clean Environment", held in Munich from 17th to 21st
March, 1975-

It was concluded that treatment with a radiation dose of approx.
A00 krad is reliable enough in respect of rendering sewages and liquid
manures non-pathogenic. The size of the radiation dose required to
destroy the bacterial or viral agents of notifiable animal diseases was,
however, not pursued earlier in a greater detail. In order to obtain
more information on this problem, the competent authorities
were approached in 1975 for approval of radiobiological studies on the
agent of foot-and-mouth disease (further on referred to as FMD).
Selection of this virus for further study was motivated on the one hand
by the great economic losses caused by outbreaks of FMD, on the other
by the extraordinary resistance of FMD virus to a score cf disinfectants.
In possession of the necessary approval, the related studies were
commenced in our experimental unit in summer, 1975, under rigorous
observance of all safety precautions. Samples of virus suspensions were
transported for irradiation under sterile conditions, under the
surveillance of a veterinary officer, and were returned to the FMD-
laboratory under similar conditions.

According to the literary data (which have been very comprehensively
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reviewed by Richter, 1973), the minimal radiation dose required for the
depression of virus replication is larger than the one capable of
suppressing bacterial growth, and it should be established separately
for each virus species. BALDELLI et al (1964, 1965) reported that at
least 2 Mrad was required to destroy the FMD-virus which had multiplied
in the organs of infected pigs. Frescura et al (1972) found that the
radiosensitivity of FMD-virus differed notably in liquid suspension and
freeze-dried state. The decrease of the infectivity titre did not
deviate too much between the two forms of virus material: with an
initial titre of 1o6-5-io7, complete inactivation was produced by
k.S ~ 5-0 Mrad. The CF-titre, on the contrary, behaved quite differently:
it practically did not change in the freeze-dried sample, while it fell
to half of the original value in the irradiated liquid suspension. The
same applied to antigenicity: only the freeze-dried virus remained
immunogenic on exposure at up to 5-6 Mrad. Baldel1i et al (1964), who
also studied the influence of serial transfers and of irradiation at
different passage levels, found that radiation treatment in the 330th
passage resulted in loss of pathogenic!ty for cattle, while the non-
irradiated contol was still pathogenic at the same passage level. Anti-
genicity was, however, not affected by the irradiation.

Experimental
Material and Method

The 5 irradiations were carried out partly in the Irradiation
Division of PHYLAXIA, using an Sovatora apparatus, with 60co gamma
radiation source 500 krad/h dose rate respectively. The gamma-cell type
equipment was owned by the F. Joliot-Curie Radiobioiogical and Radiation
Health Research institute at Budapest; and partly using the "OCo
irradiation Plant of Phylaxia (10.000 Ci activity) with 400 krad/hour
dose rate.
Virus strains.

Types Aj and C of FMD virus maintained in bovine lingual epithelium
cell culture, were tested in two kinds of medium: swine liquid manure on
the one hand and phosphate buffer solution (PBS) on the other.

The evaluation of virulence tests was hampered by the fact that the
untreated liquid manure did by itself kill part of the mice, owing to
massive contamination with various pathogenic agents. For this reason the
liquid manure used for the dilution of the stock suspension had been
pretreated with 0.8 Mrad, which rendered it sterile and innocuous for
suckling mice. Detection of the virus in irradiated and control samples
was made by administration to 4-6 days old suckling F] mice bred from
Balb/c £ x CBA o parents.
Determination of the CF-titre was carried out by Takatsy's microtitrator
procedure.

Results

The first experiment was performed with type A^ virus. The initial
titre was 105-25 LOJQ/O.I in suckling mice, and the applied radiation
doses were 0.4, 0.8 and 1.2 Mrad.

The virus suspended in liquid manure was still demonstrable after
treatment with 1.2 Mrad, while it completely lost infectivity on a
similar exposure in PBS.

The type C virus tested in the second experiment had an initial
titre of 1CH-25 LDcg/0.1 ml in suckling mice, and the applied odiation
doses were 0.8, 1.2 and 1.5 Mrad.

Infective virus, although at a reduced titre, was still present in



the liquid manure after exposure to 1.5 Mrad, while the PBS-suspended
virus lost infectivity already on treatment with 0.8 Mrad.

Type C virus, having 106.17 L D C Q / 0 . 1 ml initial titre in suckling
mice, was used in the third experiment, too. The radiation doses were
1.5, 1.8 and 2.1 Mrad. No infective virus was demonstrable either in
liquid manure or in PBS after exposure to the lowest dose, but type C
FMD-virus was isolated from one mouse each, which died after treatment
with virus-containing liquid manure irradiated at the 1.8 and 2.1 dose
levels, respectively.

The PBS-diluted samples were also tested for CF titre, which was
scarcely altered even by the highest radiation dose. Experimental
vaccines were then prepared from both irradiated and non-irradiated
batches of FMD-virus, and tested for potency in adult mice, using the
F-index+ method for evaluation. The control lot was inactivated by
treatment with formaline and heat, but no chemical agent was used for
inactivation of the irradiated lots.

The E-index.value was 2.^3 for the vaccine prepared from the
control batch, whereas it was 2.5 and 2.84, respectively, with the
batches irradiated at 1.5 and 2.1 Mrad dose levels.

Discussion

As can be seen from the attached Figure, liquid and freeze-dried
suspensions of FMD-virus behaved dissimilarly on irradiation at various
dose levels. The results obtained in 3 series of experiments are
summarized in the figure and in Tables 1 and 2.

PBS-diluted virus suspensions (Table 1) showed a considerable
decrease of virulence already on exposure to 0.U - 0.8 Mrad, or even a
complete loss of virulence, if the initial titre was low, and 1.2 Mrad
proved to be effective also against nigh concentrations of the virus.

With liquid manure used as diluent (Table 2 ) , a certain protective
effect was noted against the destructive influence of radiation on the
virus: 1.2 Mrad produced only a minimal depression of the virulence of
liquid manure diluted virus, even if the initial titre was low. Doses of
1.8 Mrad and above had, however, a deleterious effect also on high
concentrations but -unlike the PBS-diluted lot- residual virulence was
still demonstrable in several samples. The irregularity of residual
virulence was in all probability due to the inhomogeneity of the liquid
manure viz. to the presence of contaminating substances in it.

The CF-activity of the virus suspensions was less afected by
irradiation, than their infectivity.

Evaluation of the potency of experimental vaccines prepared from the
irradiated and non-irradiated batches of FMD-virus indicated that the
applied irradiation doses did not significantly depress immunogenicity.

mouse in hungarian = j[ger

note of the editor: no figure was included in the manuscript



Table 1

DEATH RATE {%) AMONG MICE TREATED WITH FMD-V1RUS SUSPENSIONS DILUTED

IN PBS EXPOSED TO DIFFERENT RADIATION DOSES

IUx/o.l ml

102

103

10*

10*

to6

o.k

25
100

0.8

0

0

12,5

100

M r a d
1.2

0

0

0

0

1.5
0

0

0

0

0

1.8

0

0

0

2.1

0

0

0

Remark

Diluted

in PBS

Infective units in. suckling mouse

Table 2

DEATH RATE {%) AMONG MICE TREATED WITH FMD-VIRUS SUSPENSIONS DILUTED

IN MANURE EXPOSED TO DIFFERENT RADIATION DOSES

IUx/0.1 ml

102

103

10*

105

106

0.4

100

100

0.8

0

100

100

100

100

M r a d
1.2

0

100

100

100

100

1.5

25
57
57

0

0

1.8

0

0

0

33

2.1

0

33

0

33

Remark

Diluted

In manure

Infective units in suckling mouse
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Abstract

CGR MeV PROGRAM FOR WATER AND LIQUID SLUDGES TREATMENT WITH HIGH-ENERGY
ELECTRON BEAMS. - I - PRELIMINARY INVESTIGATIONS

Research on the application of High-energy electron beams treatment
to water and liquid sludges is described. Topics discussed include
limitations of conventional methods of water treatment, dosiraetry,
biological assays with Pleurodeles waltlii, radioactivity measurements,
chemical and bacteriological analysis.

I. INTRODUCTION

Fresh water consunption increases regularly with population growth

and industrial development. In technologically advanced countries

the average consumption is of 7000 litres per day an per inhabitant,

out of which 6500 litres are for agriculture and industry. Home

consumption in industrialized countries averages 200 to 300 litres

per inhabitant per day, but already the U.S. citizens use 600 litres

per day in some cities like LOS ANGELES. Forecasts for 1980 are based

on 1000 litres per inhabitant per day. More than anything else the

economic development results in an increase in water consumption.

Thus in developing countries vater consumption does not exceed

presently 50 litres, for the total domestic, agricultural and

industrial needs. It is obvious that tremendous increase in needs

vill appear in the near future. For example tlie Near East States

will' in the next ten years put sea-water desalting plants in

1 operation. It is estimated that in 1985 such facilities will be

able to deliver more than two billion 1 .res of desalted water each

! year.

However the increase in water polluLion is at least proportional

to the increase in consumption. Thus from 1968 to 1975 the quality

of vater taken upstreata of Paris, as measured by the taste assay,

has decreased by a factor in excess of 3, and in the same period,

the free chlorine appearance dose limit (break point) has increased

from 3.5. ppm to 7 (1).



Most states are conscious of the importance of the fresh water pollution problem.

From a technical point of. view the counter measures adopted are mainly based on

the use of chemical and biological purification means.

Generally speaking it appears that these conventional methods are limited by two

major difficulties :

- creation of new pollutions by chemical wastes rejection,

- resistance of pathogen germs protected by gangues of mud, spores and of several

• forms of kysts.

Moreover these treatments cannot eliminate the musty odour.

The purpose of this program, developed by CGR MeV, is to define a technology

using high-energy electron beams, which could be applied :

1. To the treatment of water for consumption, and also to hygienisation of

sewage water.

2. To the treatment of liquid sludges, so that it can be contemplated to

retrieve the organic matter thus cleaned of parasitic seeds and pathogenic

germs, for agricultural needs.

The use of high-energy electron beams appears as a complement, which can be essen-

tial, of chemical and biological treatments. It is however necessary to proceed

with a precise evaluation of what is implied by this type of procedure. In this

work, we present preliminary investigations on three points concerning fresh

water treatment :

- Is it possible that treated water induces perturbations in biological processes

where it is implied ?

- Are there any chemical modifications in the treated water ?

- Does the treatment insure sufficient reduction of pathogenic microorganisms ?

we shall also propose a first definition of the optimum doses to achieve this

last objective.



II. IRRADIATION EXPERIMENTS

The experiments have been.made with the industrial irradiator of the CAR1C

(Center for Application of Xonizing Radiation of Corbeville (SRTI). This irra-

diator delivers a uniform scanned beam of electrons over a width of 400 mm, with

an energy of 6 MeV maximum and speeds of passage of 0.12 to 12 metres/mn. By

adjustment of parameters it is possible to irradiate from less than 100 krads up

to 5 Mrads for each passage.

The irradiation monitoring is obtained by either of two techniques :

- Calibration of the machine through the use of a calorimeter,

- Dosimetry on-samples, based on the use of incorporated dosimeter films.

The optical density variation allows not only the measurement of Uhe

average delivered dose, but also the surface dose, the maximum and minimum

doses. Details on these measurements can be found in Appendix "A".

The tests were performed at 6 MeV at the following selected levels :

at 140 Hz repetition rate

at 450 Hz repetition rate

The machine has been calibrated with the calorimeter

a) before the experiments

b) half-way in the experiments, at the 500 krads level, when the machine is

switched from 140 to 450 Hz repetition rate, as it is possible to check good

correspondance between the two series,

c) at the end of the experiments.

The film dosimetry measurements were performed at the same time than the last

calorimeter measurements. In table I are summarized the results of the measu-

rements of dose variation inside the samples.

100

200

500

500

1000

2000

krads

krads

krads

>
krads

krads

krads
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T A B L E I

Summary of doses delivered to the water samples (Megarads)

requested
dose

Average
dose
Dm

At 450 pulses per second

0.5

1

2

At SAO pulses p

0.5

0.2

O.I

0.54

1.08

• 2.17

er second

0.56

• 0.22

0.11

Surface
dose
Ds

0.46

0.92

1.85

0.48

0.19

0.095

Maximum
dose

135% Ds

0.62

1.25

2.50

0.65

0.26

0.13

Minimum
dose

80% Ds

0.37

0.74

1 .48

0.38

0.15

0.07

Five different varieties of samples were submitted to the irradiation :

- City water samples 1 taken in Laboratoire de Biologie du Developpcment de

-Aquariua spoiled water.) l'Universite R. Descartes (Faculte de Medecine de Paris.

- Samples of different chemical compositions delivered by the service de controle

of the City of Paris Waterworks),

- Samples of bacteriological preparations delivered by the same service (4

different preparations),

- Samples for the measurement of radioactivity.

Table II summarizes the diverse irradiations performed. For each variety there

are always two reference samples submitted to all the different processes but

irradiation.



T A B L E I I

S U M M A R Y O F I R R A D I A T I O N S

.E-

Origin of Water

Total volume irradiated in
each test and distribution
for investigation

Sequence of operations by
code numbers

Accelerator adjustments I
Preliminary dosimetry i
First samples {

Calorimeter calibration 140pps

0.1 Mrad

0.2 Mrad

0.5 Mrad

Cal.Calibration control 140pps

Calorimeter calibration 45Opps

0.5 Mrad

1 Mrad

.2 Mrad

Cal.Calibration control 45Opps

Film dosimetry 140 pps

Second samples handling for
reference

I. City Water

4 litres
2 1 biology
I.51 chemistry
0.51 bacteriology

G I

E I

C 1

D I

A I

F I

B I

H I

II. Aquarium water

4 litres
2 1 biology
1.51 chemistry
0.51 bacteriol.

G II

E II

C II

D II

A II

F II

B II

H II

Chemical preparations
ITIa . Illb

2 litres

chemistry

G Ilia

C Ilia

F Ilia

-

2 .litres

chemistry

G Illb

C Illb

F Illb

Bacter
IVa

0.5 1

GIVa

CIVa

FIVa

Lologi
IVb

0.51

Bactei

GIVb

CIVb

FIVb

cal P
IVc

0.51

•iolog

GIVc

CIVc

FIVc

repnrat.
IVd

0.5 1

y

GlVd

ClVd

FlVd

CITY WATER

2 litres
Radioactivity
Measurements

G

B

H

i



All samples irradiated passed under the irradiatior head in flat pyrnx glass

tanks filled with 0.5 litres, the thickness of the irradiated water being close.
y

to 1 cm (1 g/cm ).

These tanks of 20 cm depth were covered with aluminium foil during handling

and irradiation.

The samples were returned 24 hours after irradiation to the different labora-

tories where are simultaneously performed the biological, chemical, bacteriolo-

gical and radioactive studies.

This 24 hour time lag was selected as it corresponds to an average city water

distribution time.-

The samples were identified by code numbers in order that the irradiation dose

received by each sample was unknown by the experimenters, according to their

request.

III. BIOLOGICAL AilALYGIS

III.1. "Triton" test. Experimental principle

To evaluate from a biological point of view eventual modifications of

water after irradiation, p. test has boen devised on the embryological

development of an urodele amphibian : Pleurodcles ualtlii (Michahellon).

The rationale for this choice is :

111.1.1. Embryo development is a biologic process very sensitive to

modifications of the environment. With amphibians it takes place entirely

in water.

Experimental modifications of the constitution of the medium where the

embryo development takes place results in aberrations in its morphoge-

nesis (2).

111.1.2. The steps and timing of the embryo development are known with

precision for P. ya1tlii (3). Moreover the specie caryotype has boon

established and the caryologic examination can be performed in the

early larval stages. Chromosomic aberrations resulting from experimental

irradiation of the 2gg can be detected early (4) (5).



Proteinogram of larvae has been investigated (6) (7).

I I I . 1.3. The egg of P. waltlii is a favorable material for nuclear ;;r;i£ts

(8). With this method, populations can be obtained, made up of isogenic

individuals (9). Such p o p u l a t i o n s c o n s t i t u t e d by g e n e t i c a l l y

s imi lar members are p a r t i c u l a r l y use fu l for compara t ive of

the e f f e c t s of the medium, (appendix B) .

III.2. Materials and methods

III .2 .1 . Origin_of_the selected_strain

The 228 eggs and embryos used in our experiments are very close to be

isogenic. They were taken out of the eggs laid by a neo-female (genetic

male with inversed sex) impregnated by an isogenic male of the same

clonal population in i t ia l ly obtained by nuclear graft (Jo) (Fig. 1 and 2)

I t can be expected of such individuals coming out of a true self-impre-

gnation a uniform reaction from eventual modifications of the medium.

CONSTITUTION OF

AN ISOGENIC (CLOHJU)

POPULATION fOR

THE STUOYOF WATCH

IONISATION EFFECTS

ON OEVELOF>MENT

ANO GENETIC

MALE ANO NEO.FEMALE

(AUTOFECONOATIOH)

GENETIC ^ NO EFFECT
TANNING OFCHOBION



111.2.2 Water_samgl.es_tested

Origin of water : Sample I City water

II Spoiled aquarium water

IDW Distilled water

IDS City water.+ 0,35 % Na Cl

111.2.3 Ex2erimental_schedule

The test: were performed in a sterile room at a temperature

of 16° C. The water of 19 samples (4 of which as reference)

is poured in sterile cupels. Three series of operations

are performed : • " •

a) Series S

When the P. waltlii eggs are laid they are surrounded by

two layers of mucopolysacharridic nature : the external

layer named gangue and the internal layer named chorion

which is tightly tied to the egg. In the S. series the

eggs are freed from their gangue, but no from their chorion.

Five eggs in the initial stages' of their development

(unsegmented, 2 or 4 bias toneres) are put in each cupel.
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b) Series S

In this series five eggs without gangue selected in the aged blas-

tula stage (st. 7) or in the early gastrula (st. 8) are put in each

cupel.

c) Series S

In this series the eggs without their gangue and ahovion are put in

their aged blastula stage (st. 7) in the water samples to be tested

(2 eggs in each cupel).

The embryos follow their development up to the hatching stage (St.34)

in the same water.'They are twice a day submitted to an examination

of their development and compared to the typical development of their

specie (3). After hatching the larvae are transferred in city water

Where they pursue their growth.

III.3. Results

111.3.1. Reference_samp_les

The development of S , S, and S_ embryos in the reference water samples

IG, IIG: IH, IIH is in agreement with the sequence defined for their spe-

cies. At birth their average length is 10.5 mm. The death rate is low

(1/24) which corresponds to the lethality usually observed among

P, Waltlii eggs.

Reference I DW and I SW

- I DW - In distilled water the S., S. and S. embryos development is

not normal. It is slow, the embryos exhibit a heart oedema at stage

32 and die shortly after hatching.

- I SW - In Na Cl (0,35 %) water solutions, embryos S and S exhibit

early an anomalous morphogenesis (cxogastrulation), their development

is interrupted. The S. embryos also exhibit misformations, but these

are less conspicuous and allow survival up to birth.

111.3.2. Treated s.-ircnlcs

a) Morphofifr.esis

No morphogenelic anomaly is observed in S-, So or S. embryos dove-
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loping in treated water samples. The timing of development, the

length at birth, the death rate are the same for the treated samples

and for the G, I, II and 11 I, II reference (death rate below 4/100).

b) Tanning of the chorion

The chorion is a protective layer of mucopoJysaccharidic nature

closely surrounding the egg when laid.

In normal condition the embryos get rid at the same time of the cho-

rion and the gangue at stage 34 (hatching), For the embryos free of

their gangue the chorion ruptures earlier. For Sj and S_ embryos

(without gangue) put in reference samples I_, II,,, I,., II,. arid in
u Ij ti tl

sample I ., , the chorion ruptures between stages 22 and 24. The

chorion of t"he embryos in the other water samples exhibit a tanning

effect, it becomes more resistant and less plastic. In samples I and

II, E, C, D, A, F, B and Ic,, the chorion ruptures late between stages
On

26 and 28. •

III.3.3.

The caryotype of the 18 embryos (st. 30) of groups S., S_ and S., have

been analyzed. These embryos underwent all their development in water

samples irradiated at doses from 100 krads up to 2 Mrads :

S, - IIE, IIC, IID,. IIA, IIF. IIB

52 ~ IE ' lC ' ID ' TA ' TF ' * B
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The diploid number of the P. Ualtlii specie is 24 chromosomes. The

examination of the metnphasic plates has not revealed any phenomena of

polyploidy or anenpioidy. No chromosomic aberration has been observed.

III.3.4. TotalJ^roteiinogram

Electrophoretic analysis in a polyacrylamide gel were made for two pro-

tcic. pools obtained, the first one from 3 ci:\>ryos grown in •.•.•;• u-r s .!;•: o

irradiated at 2 Mrads (S, , lv, S,,, T S_, I,.), the second one of 3

Reference isoj;enic embryos grown in city water (I_). The comparison of
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the two proteinograms shows that the two proteinic pools are identical

within the limits of sensitivity of the method used. No genetic

mutation has been observed in the embryos subjected to the experience.

III.4. Conclusions

. II1.4.1. Comparison of the results of the experiments on reference

samples I, II and I, II on one side and and I g w on the other side,

shows that the experimental method used is valid : a chemical modifica-

tion of the medium can lead to important abnormalities in the embryos

morphogenesis.

III.4.-2 Treating water by irradiation (from 100 krads to 2 Mrads) does

not lead to any modification capable of triggering a perturbation in the

embryo development of P. waltlii- Of main interest is the fact that no

caryotype aberration and no mutagenic effect were detected at the level

of the proteinograms in the embryos grown troughout in water samples

treated by irradiation.

III.4.3 Chemical modification may how. ver be responsible for the

"tanning" effect observed on the egg chorion. A similar effect is obtai-

ned when the egg is placed in contact with an Na Cl (0.35 X) solution

(samples of group 1^) .

IV. RADIOACTIVITY MEASUREMENTS

The radioactivity measurements performed on the reference I_ and I and on the

samples treated by irradiation have yielded negative results in all cases

(Table III). No significant increase in radioactivity is shown after treatment.

T A B L E III

(3 activity after irradiation

Samples

Control G.

Control H

2 Mrad B

Total activity

2 ± 0,5 (> Ci/1

2 i 0,5 t CI/1

2,5 i 0,5 p Ci/l
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V. CHEMICAL ANALYSIS (See Appendix C)

V. 1 . pH measurements'

No significant variation has been observed after treatment.

V.2. Nitrite ions concentration

V.2.1. The contrentation of nitrite ions increases in the treated water.

Reference : I. = 0 II_ = 0,60 tng/1

maximum concentration from 100 krads : 4 mg/1 for all irradiated samples.

Nitrite ions might in fact- be formed by the ionizing action of the

electron-beam on air nitrogen, as a complementary test on water sealed in

a glass tube with only 1 ml of air has yielded lower nitrite formation

(1 mg/1 instead of !t mg/l). However this point shall be carefully

analysed in further experiments.

V.2.2.. The consequent reducing effect increases the oxydability with

potassium permanganate.

V.3. Concentration in nitrate, ammonium and phospato ions

For these elements the results of analysis depend on the origin of the

samples : city water, aquarium water containing organic matter of animal

origin, rich in amine and phosphor derivatives.

V.3.1 . Citv_water

The nitrate ion concentration decreases in the irradiated samples.

V.3.2. Acjuarium_water

The nitrate, ammonium and phosphate ion concentration increases by des-

truction of the organic matter and liberation of the ions after decomplt-

xation by the effect of irradiation.

V.4. 0l\\cr ok-wi-nts

The other elements which were investigated : Cl , So, , F~, Ca , Mg
+ + **

Na , K , Fe, Sio_ do not show any modification after irradiation.

- 54 -



V.5. Conclusion

The irradiation in presence of air gives minor chemical modification of

the treated water.

The main effect is an increase in the nitrite ion concentration.

VI. BACTERIOLOGICAL ANALYSIS

VI.1 Numbering of the total aerobic germs

The first study concerns the germs actually contained in the water samples

(Aquarium and City water) submitted to treatment. Generaly speaking, the

low counts of these germs makes it difficult to determine a usual

"inactivation rate" in the water samples. Two types o.f microorganisms 'ire

however considered :

- Germs developing at 20° C :

Aquarium water samples are really "infested" when examined before treat-

ment (30 to 60 per 0,001 ml). City water samples show low counts

(some tens to some hundreds per rnilliliter).

- Germs developing at 37° C :

Aquarium water sar.ples show low counts before treatment (2OO-2+OO per

milliliter) , no significant counts can be made in City water samples.

After examining treated samples the general conclusion is that doses

between 100 to 200 krads are sufficient to insure "total" destruction

of the germs developing at 20° C. In fact "total" destruction means reduc-

tion to such a level that no germ is detectable in 1 ml. For the same

doses the reduction among germs developing at 37° C is very important,

"total" destruction is insured between 200 and 500 krads.

VI.2 Ionization of pure bacterial suspensions

In order to get more .i.eaningi'ui informations, three bacterial strii;:.-

tained from polluted water were selected arid grown under classical
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laboratory conditions :

Escheriahia coli

Klebsiella pnaumoniae

Streptococcus facoalis

Small quantities of those cultures were suspended in City water samples,

which had been previously sterilized (120° C - 1*5 mn). The starting counts

within control samples were :

- E. coli : 10s/ml

K. pneumoniae : 3.1O5/ml

S. Faecalis ' : 7-1O3/nil

Treatment of the samples was operated at 200 krads and 1 Mrad (Table IV)

T A B L E I V

Ioniz^tion of pure bacteria] suspensions

Sample

Control

200 krads

1 Mrad

Bacteria per ral

E. coli

106

0

0

K.pneumoniae

3.105

0

0

5. faecalis

7.1O3

5

0

It appears that a maximum 200 krads dose leads to the complete destruction

of the enterobaottrria under stujy (E1. coli and K. pneumoniae) and a signi-

ficant. 70, ?3 f> red jction of fV-ece.~ s'.roptococci. (S. fa".aal'!p.) of v:!>

knov/n better resistance to conventions] bnctericide agents.
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VI.3 Ionization of a secundary effluent

The sample submitted to ionisation is an effluent of the experimental

epuration station of Colombes (City of Paris waterworks) This effluent

has been submitted to a secundary treatment by activated sludges. It was

picked up two days before being exposed to high-energy electron beams,

and stored for that time at k° C.

The following .test-germs of faecal contamination have been researched :

- Total coliforms obtained on Chapman medium (modified by Buttiaux) at .

kh° C.

- Faecal coliforms obtained on Chapman medium (modified by Buttiaux) at

kh° 0.

- Faecal streptococci obtained on Slanetz medium

- Spores of sulfito-reductor clostridium obtained by the Wilson-Blair

method (modified by Dienert).

The treatment has been operated at 200 krads and 1 Mrad :

T A B L E V

Results of ionisation of a. secundary effluent

Samples

Control

200 krad

] Mrad

Bacteria per 100 ml

Coliforns
Total

l,3.106

0

0

faecal

0,8.106

0

0

Faecal
Streptococci

Jt.1O5

6.1O3

0

Spores of
elostridiun

5.1O3

1,5-1O3

15

- 57 -



Coliforms, which belong to the enterob&ftiieria family are deotructed at

200 krads, as in the preceeding test.

At the' same dose the reduction observed concerning faecal streptococcis

(98,5 7,) is slightly different from the preceeding results (99,93 Z) but

we still observe a total destruction for I Mrad.

Clostridiura spores are more resistant ; the reduction ranges 70 % at

200 krads, it is of 99,7 % at 1 Mrad. However additional studies will be

made to confirm this observation and explore intermediate doses effect.

VI.h Conclusion

The result of the above analysis confirm former investigations (11 to 17) :

The treatment by high-energy electron beam procures a vay to sterilize water

polluted by bacterial agents.

For waters heavily polluted by bacterial agents, and without any chemical

treatment a convenient irradiation dose would probabely be 200 krads.

Considering the origine of the water, its rate of pollution and the inteniei

use of the treated water this dose can be modulated from below 100 krads

to more than 500 krads.

VII. DISCUSSION

This preliminary investigation has the particularity of using several different

methods of analysis, which independently verify each parameter in the experiment.

The convergence of the results should be empnasized.

VII.1 Sterilisation

It is apparent that in the conditions of the experiment, and for bacterial

agents only, the use of high-energy electron beams insure a sufficient

sterilisation of heavily polluted liquids.
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VII.2 Chemical modification

At the levels which have been explored (]00 krads to 2 Mrad) only minor

chemical modifications of the treated water are observed,

VII,3 Effect of treatment on biological processes

The treatment has no effect on a biological precess which is extremely

sensitive to modifications of the medium. The simultaneous negative results

of induced radioactivity measurements, and the absence of routagenic effects

in the samples treated by irradiation are noteworthy.

Moreover the results of the biological and chemical analysis show the

wide safety margin in the treatment. Doses of 2 Mr ads do not increase ar.y

of the secundary effects which can be observed at 100 krads. Thus the

selection of the dose depends only of the sterilization threshold objectives

according to the contemplated application, and economical considerations.

The second phase of the CGR MeV program will now consider effects of the high-

energy electron beams treatment on the following points :

1. Elimination of the musty odours transmitted to water by algae or

actinomyeetes metabolites.

2. Destruction of parasites (specially under protective forms.).

3. Destruction o? viruses, (with special attention to eventual isutagenic

effects).

It. Destruction of seeds (with special attention to eventual mutagenic effects).

5. Filtrability of raw or digested sludges.

The treatment will be applied to water submitted to organic pollution,

chemically-polluted water, sludges and their effluents. Special attention

shall be given to precise dosimetry methods.
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VIII COh 'SION

The possibility of using plenty of cheap water has been for many countries an

important contribution to their development at the beginning of the industrial

era. In parallel a new phenomena has appeared : the increasing pollution of the

water in use.

The late and insufficient consciouness of the consequences of pollution put

the .industrial countries in front of a new situation : water for domestic,

industrial and agricultural consumption is becoming expensive, and, insofar

as it is compulsory to get rid of the pollution, there is no more plenty of it.

The industrialized countries and the developing countries which will have to

industrially produce the water they need have to face the same problem :

to procure the "useful" water and save as much as possible of it by recycling

it in the best possible conditions.

It can be said also that generally speaking the conventional treatment methods

(particularly chemical methods) are themselves producing polluting wastes, and

the amount of available water decreases at each cycle.

Water treatment by irradiation is a new solution which can be used alone or

as a complement of light conventional treatments ; capable of stopping the

increasing pollution cycle in industrial countries, and of avoiding entering

into this cycle for developing countries.

Morevoer the irradiation treatment appears as much more satisfactory from

the biological point of view, than all the chemical treatment whose cumulated

effects are a great ecologic hazard.
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- A P P E N D I X A -

Report 706972 of Societe de Recherches Techniques et

Industrielles (S.R.T.I.) on conditions of irradiation

of water samples

(Translation)

1. Preliminary dosimetry measurements of 11.24,75

1.1. Required doses

0.1 - 0.2 - 0,5 - 1.0 - 2.0 Mrads.

1.2. Accelerator adjustments and beam characteristics used

With the available conveyor belt speeds of 0.12 to 12 m./mn the range

of required doses can be obtained only with two different accelerator

adjustment settings :

- First series for 0.5 , 1.0 and 2.0 Mrads

Klystron voltage 174 kV filament setting 1.2 rep. rate 450 Hz

measured electron beam characteristics :

. average power 7.45 kW

. average beam current 1.2 niA

. energy • • 6.2 MeV

- Second series for 0.1, 0.2 and 0.5 Mrad

Klystron voltage 174 kV filament setting 1.2 rep. rate 140 Hz

Beam characteristics extrapolated from frequency variation :

. average power "V 2.3 kW

. average beam current 'v 0,37 mA

. energy ^ 6 . 2 MeV

1.3. Preliminary dosimetry methods

- Plotting of dose vs_belt S2£ed_characterij>tics

For the two different accelerator settings the average dose in 1 g/cm2

is measured in calorimeters made of insulated cupels containing 1 cm

thickness of water with a temperature probe.

The temperature coefficient is 3° C/ Mrad.
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The slope of the characteristic line gives a coefficient :

Km = Dm. V (Dm = average dose in 1 g/cm2

- Surface dose evaluation

By integration of the electron penetration characteristics at 6.2 MeV

•it is possible to compute the ratio between the average dose in 1 cm of

water or 1 g/ cm2 and the surface dose. The result is :

Ds = 0.85 Dm or Ks = 0.85 Km.

- Sjjeed of belt for a given surface dose

1.4. Measurement results

At the repetition rate of 450 Hz

Speed
metres/mn

5.00 •

2.50

1.25

0.85

Inverse
mn/metre

0.20

0.40

0.80

1.J8

Average
dose

0.58
0.55

1.12
1.12

2.29
2.33

3.33
3.33

Surface
dose

0.50
0.47

0.95
0.95

1.95
1.98

2.83
2.83

Coefficients speed/dose

Km = 2.85

Ks = 0.85 x 2.85 = 2.42

Speeds for the required doses

Ds 0.5 Mrad
1.0
2.0

V = 4.84 metres/ran
2.42
1.21
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At the repetition rate of 140 Hz

Speed
metres/inn

1 .60

0.80

0.40

0.30

Inverse
mil/metre

0.62

1.25

2.50

3.33

Average
dose

0.59
0.59

1.21
1.16

2.33
2.33

3.17
3.10

Surface
dose

0.50
0.50

0.98
1 .03

1.98
1.98

2.63
2.70

Coefficients speed/dose

Km =

Ks =

0.94

0.85 x 0.94 = 0.80

Speeds for the required doses

Ds 0.5 Mrad
0.2
0.1

V iji/mn = 1.60 metres/inn
4.00
8.00

The Km coefficients were derived from the D vs 1/V characteristics

drawn from the dose values of these tables (see figure).

2. Irradiation of water samples of 11/27/75

The water samples to be irradiated of about 500 cc were contained in rectan-

gular glass tanks of approximately 35 x 15 x 20 cm, filled with water to a

height of approximately 1 cm (lg/cm2).

Metallic boxes containing each two glass tanks covered with aluminium foil

were used for transfer under the electron beam.

2.. 1'. Method of irradiation

The different operations were performed as follows :



A 4

9 H 05 - Accelerator not in operation. Passage o£ reference samples.

9 H 37 - Adjustment of accelerator at 140 Hz

- Dosimetry measurements with calorimeters

. dose selected 1.0 Mrad - Speed 0.8 m/mn (Ks = 0.80)

. measured doses Dm 1.10 - 1.11

Ds 0.94 - 0.94

- Irradiation of series 0.1 Mrad V = 8 m/inn

- Irradiation of series 0.2 Mrad V = 4 ni/mn

- Irradiation of series 0.5 Mrad V = 1.60 m/mn

- Dosimetry control at the end of the irradiation :

. measured doses Dm 1.09 - 1.10

Ds 0.94 - 0.94

10 H 45 - Adjustment of accelerator at 450 Hz

- Dosimetry measurements with calorimeters

, dose selected 1.0 Mrad - Speed 2.45 m/mn (Ks = 2.42)

. measured r^scs Dm 1.22 - 1.14

Ds 1.03 - C.97

- Irradiation of series 0.5 Mrad V = 4.90 m/mn

- Irradiation of scries 1 Mrad V = 2.45 m/mn

- Irradiation of series 2 Mrads V = 1.20 m/nin

- Dosimetry control at the end of the irradiation :

. dose selected 2 Mrad V = 1.20 m/mn

. measured doses Dm 2.18.-2.22

Ds 1.81 - 1.88

- At the same time than the calorimeters were irradiated, irradiation

of a tank with 500 cc of water with films glued at the bottom, to

test the radiation penetration.

11 H 45 - Adjustment of accelerator at 140 Hz to repeat the penetration test

performed at 450 Hz

. dose selected 2 Mrads V = 0.4 m/mn (Ks = 0.80)

12 H 05 - End of accelerator operation

- Passage of second series of reference samples

12 H 20 - End of operation.
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2.2. Results of film dosimetry

The films used to measure the penetration were put at the bottom of

the tank under the water to be irradiated.

A films - in the center

B films - along one side.

- Results_at_45O_Hz

For a surface dose Ds measured between 1.8 and 1.9 Mrads

A Films - doses between 2.4 and 2.6 Mrads = 135 % Ds

B Films - doss between 1.4 and 1.6 Mrads = 80 % Ds

The A films confirm the maximum dose to be obtained under approximately

1 cm of water for an electron energy of 6 MeV.

But for the B films it cannot be because of a thicker water layer that

80 % were obtained, as this corresponds to 2 cm of water, and it shows

that the tank sides give a shadow effect on a width of about 1 cm.

- Results at 140 Hz

For a surface dose of 1.9 Mrads measured

A films - doses between 2.4 and 2.6 Mrads

B films - doses between 1.4 and 1.6 Mrads

Same conclusions.

130 % Ds

80 1 Ds

3. Summary table of doses delivered to the water samples

450 Hz

Average dose
Dm

0.54

1.08

2.17

Surface dose
Ds

0.46

0.92

1.85

Maximum dose

135 % Ds

0.62

1.25

2.50

Minimum dose
80 % Ds

0.37

0.74

1.48



140 Hz
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Average dose
Dm

0.56

0.22

0.11

Surface dose
Ds

0.48

0.19

0.095

Maximum dose
135 % Ds •

0.65

0.26

.0.13

Minimum dose
80 % Ds

0.38

0.15

0.07

' MSo Hc

. • • • • - ^ / ] * ; • •

.L_: &O&
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THERMORADIATION TREATMENT OF SEWAGE SLUDGE USING REACTOR

WASTE TO OBTAIN ACCEPTABLE FERTILIZER OR ANIMAL SUPPLEMENT FEED

H.D. SIVINSKI

Sandia Laboratories,

Albuquerque, N. Mex.,

United States of America

Abstract .

THERMORADIATION TREATMENT OF SEWAGE SLUDGE USING REACTOR WASTE TO OBTAIN
ACCEPTABLE FERTILIZER OR ANIMAL SUPPLEMENT FEED

This document is a report of the Beneficial Uses Program. This
program consists of a number of activities at Sandia Laboratories to
develop the necessary technology for cost-beneficial use of a maximum
amount of radioactive waste. Major activity is currently concentrated in
the Waste Resources Utilization Program which has as its objective the
use of cesium-13^/137 as a gamma radiation source, coupled with modest
heating, to treat sewage sludge to rid it of pathogenic organisms so that
it may be safely used as a fertilizer or a feed supplement for ruminant
animals.

I. INTRODUCTION

The feasibility of treating sewage sludge with thermoradiation to the ultimate benefit of so-
ciety depends on a number of factors. For any proposed use of the sludge, the degree of thermo-
radiation treatment needed must be determined. This involves biological studies of major classes
or organisms in sewage sludge.

The liter size flow-through system, put into operation for the first time,,pro-
vided sufficient quantities of treated sludge for good biological analysis and to start the animal
feeding program at New Mexico State University.

Approximately 3800 gallons of sewage sludge were thermoradiation-treated with the system.
The sludge was exposed to approximately 150 krads of gamma radiation at a temperature of 65°C.
The treated sludge vtia monitored for elimination of total coliforms and fecal strep. No fecal
strep bacteria were found in 400 sample plates; three contained coliform growth.

Additional experiments were run on sewage sludge at 70°C using a newly developed tempera-
ture conditioning container to provide a rapid sludge "heat up" and "cool down." Even with this
system, the coliform and fecal strep kill occurred so rapidly that heating and cooling tiir.es'were
sizable compared to the inactivation times. Inactivation times were 6 seconds/log for the coli-
forms and 10 seconds/log for fecal strep.
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II. MICROBIOLOGY

Bacteriology

Studies reported herein include the following: (1) inactivation of fecal streptococci and coli-

form bacteria in sewage sludge by 70° C heat, (2) dose rate effects (or lack of) for these micro-

organisms in sludge, (3) fractionation of sludge in order to determine settling properties of micro-

organisms, and (4) sludge treatment (flow-through system) for use in fertilizer and animal feeding

studies.

Special "plate" chambers were designed for the 70°C heat runs. These were constructed

of tliin stainless steel plates separated by approximately 1 mm to allow for good conduction of heat

and therefore for a fast "rise time." A typical profile is shown in Figure 1.

60

55 -

50
20 30

TIME, SECONDS

40 50

Figure 1. Heat-Up Profile for 70°C Keat Runs
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Dose rate experiments using cobalt-60 were conducted in test tubes at various distances

from an 80,000-curie source. Some high dose rate studies were conducted with a Febetron 705

flash electron machine which delivers doses of high energy electrons as high as 1 megarad in 80

nanoseconds. Special thin foil chambers were constructed to allow the electron beam to penetrate

the biological samples. Dosimetry for the gamma sources was done by using TLD-400 chips

(CaF_:Mn); that for the Febetron was done by using optical density induced in a thin film of
2

chlorinated polystyrene.

A flow-through system was used for the thermoradiation treatment of approximately 3800

gallons of liquid sludge to be dried for use in fertilizer and animal feeding studies. This system

is describe in detail elsewhere in this report.

Techniques for the enumeration of fecal strep and coliform bacteria have been described
3 4

elsewhere ' and have been given EPA approval.

Heat Inactivation at 70°C — Figure 2 shows the inactivation of coliforms and strep bacteria

by 70°C heat. This presents a "minimum" inactivation rate since there is still a significant heat-

up time for the experimental system. This inactivation rate is approximately twice that measured

with the remote sampling system because of its much slower heat-up profile.3'4

£ io"3

10 "h

10-5

io;6
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-
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O STREF*

i I

1 I

I 1

1

\ ^

1

10 15 20 , 25 30

TIME AT 70 C, SECONDS

Figure 2. Inactivation of Feca l Strep and Coliform Bacter ia by Heat at 70°C
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Dose Rate Effects - - Figures 3 and 4 show the inactivation data for coliforms and strep, at

different dose rates, using cobalt-60 gamma irradiation. For purposes of comparison, the solid
3 4

lines are the previously reported ' inactivation curves determined by using cesium-137 at 30

krads/minute. It is seen that over this dose-rate range, no difference in inactivation rate is

found in either case, within experimental error; this range certainly includes any feasible dose

rate to be considered for process application. It is also clear that, as expected, there is no de-

pendency of inactivation rates on the source of radiation used. Within experimental error, the

high dose rate inactivation rates were the same.

FECAL STREPTOCOCCUS

COBALT. 1.2 x I0"2 krads/second

40 60 80
DOSE, KILORAOS

Figure 3. Inactivation of Coliform Bacteria at
Different Dose Rates

= I01

COBALT. 2.2xlO'2krads'<;cond

100 2U0 JQO 400

DOSE. KILORADS

500

Figure 4. Inactivation of Fecal Strep
Bacteria at Different Dose Hates

Sludge Fractionation - - It is well known that microorganisms tend to settle with the solids in

wastewater treatment procedures. Data obtained this quarter have confirmed this. In addition,

the data indicate that generally the microorganisms in the total coliform group in sludge tend to

settle more efficiently with solids than do those of the fecal streptococcus group.

Sludge Treatment for Animal Feeding and Fertilizer Studies — Approximately 3800 gallons

of liquid sludge were treated at 30 krads/minute to a dose of 150-180 krads at 65°C. Bacterial

counts were monitored on a random basis. Of 44 samples taken, three showed some degree of

coliform contamination following treatment; there had been a reduction of approximately 4 logs,

however. It is possible that the surviving microorganisms had been "protected" to some extent

by the sludge, perhaps in a semi-dry "clump." It is well known that in the dry state, coliforms

can behave much like spores in terms of their resistance to heat and irradiation (for example, an
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7
experiment conducted on a dry sample containing 10 coliforms/gram showed an inactivation

rate of greater than 200 krads/log, compared to ono of approximately 20 krads/log in the liquid

state).

No streptococci were found in any of the treated samples, including those showing coliform

survival. Studies are currently under way to verify the elimination of pathogenic bacteria such as

Salmonella, Shigella. Staphylococci, and others.

This quarter has been devoted to (1) continuing basic studies of change in microbiological

parameters of sewage sludge by combination treatment, (2) monitoring bacterial inactivation in

sludge by using the flow-through system for production of treated solids for animal feeding and

fertilizer studies, and (3) developing EPA-approved techniques for pathogen enumeration in treated

as well as in nontreated sludges.

Foliovirus Inactivation in Sludge - - Initial experimental results on inactivation of polio-

virus in sludge were presented in a - previous report. It was demonstrated that the

effect of sludge on the rate of heat inactivation of poliovirus is dependent on the proportion of

sludge present in the sample during treatment. As shown in Table I, the viability of the virus

decreased almost four orders of magnitude when heated in buffer for 200 minutes at 43°C {0.03",'a

survival). Upon addition of a small amount of sludge, the virus was almost fully protected during

this treatment (35% survival). However, with an increasing percentage of sludge in the sample

during treatment, this protective effect diminished appreciably. When 90% of the buffer was re-

placed by sludge the apparent inactivation of virus (0,1% survival) approached that in buffer alone.

An attempt was then made to physically separate the components in sludge responsible for

these opposite effects. For this, sludge solids were separated from liquid material by centrifuga-

tion at 10, 000 X g for 20 minutes. The pellet was then resuspended in a volume of buffer equal to

that of the decanted supernatant fraction and the separate sludge fractions were compared with total

sludge in protecting poliovirus against heat inactivation. As shown in Table I, the protective com-

ponent is found in the sludge solids since the resuspended pellet from a small amount of sludge

provides almost the same protection (30% survival) as total sludge while sludge supernatant gives

no protection (0.009% survival). Furthermore, the material causing loss of protection is apparently

associated with the liquid fraction since successive washings of large quantities of sludge solids

allow the degree of their protection (5% survival) to approach that afforded by small amounts.

Therefore, it appears that a component of sludge solids protects poliovirus against heat inactiva-

tion while the counter effect comes mainly from material present in the supernatant fraction

following centrifugation.



TABLE I

Survival of Poliovirus After Heat Treatment in Fractionated Sludge

Volume of Sludge in 2-Milliliter Sample Percentage (%) Survival or PFL! at
During Treatment 43°C. 200 Min

No sludge 0.03

0.05 ml total sludge 35.0

Supernatant from 0.05 ml sludge 0.009

Resuspcnded solids from 0.05 ml sludge 30.0

1.8 ml total sludge .0,1

Supernatant from 1.8 ml sludge 0.03

Solids from 1.8 ml sludge • 2.0
(first centrifugation)

Solids from 1.8 ml sludge 4.0
(second centrifuga.tion)

Solids from 1.8 ml sludge 5.0
(third centrifugation)

Until now it has been assumed that loss of plaquing ability of poliovirus during heat treatment

in sludge is equivalent to inactivation of viral replication potential. However, it is possible that

some component of sludge may become strongly bound to virus during heating and temporarily

block plaque formation. Some time later, this blocking substance may be removed and thus

expose fully infectious virus. Since sludge solids apparently interact with poliovirus to protect

against heat inactivation, they may remain bound during the plaque assay. This possibility was

investigated.

The nature of poliovirus after heat treatment in sludge was studied in the following manner.

Samples to be treated were seeded "with purified poliovirus which was labeled with either H-uridine
14

in its RNA component or C-amino acids in its protein. After heating, the samples were soni-

cated in 0.1% SDS and centrifuged at 10,000 X g for 20 minutes. Virus found in the supernatant

fraction was then analyzed.

The purpose of the initial experiment was to compare the recovery of label with that of

plaque forming units following treatment at 43°C for 200 minutes. This was best demonstrated by

using the uridine-labeled preparation. As shown in Table II, treatment in sludge resulted in

almost a full recovery of total radioactivity but a considerable loss of acid-precipitable label. At

the same time, the viral infectivity decreased by three orders of magnitude. These results suggest

that when poliovirus is heated in sludge its inactivation occurs in association with the physical

breakdown of the virus particles and the viral RNA released from these particles is subsequently

made acid-soluble.

Conclusive proof that the effect of sludge on the rate of inactivation of poliovirus is

concentration-dependent was established from changes in the sedimentation values of 14C-labeled
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virus during heat treatment. As shown in Figure 5, heating the virus for 200 minutes at 43°C

resulted in the dissociation of labeled particles into components with much lower sedimentation

values. A similar effect occurred during treatment in a large quantity of sludge (Figure 6).

However, Figure 7 shows that the dissociation of viral particles was clearly inhibited by the

presence of a small amount of sludge. Furthermore, the extent of protection shown in Figure 7

was equivalent to that previously found from the recovery of plaque forming units ( i .e . , ~40%).

It appears, therefore, that the inactivation of poliovirus by heat in sludge occurs in association

with the disintegration of viral particles.

TABLE II

Recovery of Labeled Poliovirus Following Heat Treatment in Sludge

Volume of Sludge in 2-ml Sample
During Heat Treatment

No sludge (0 min, 43°C)

No sludge (200 min, 43'C)

-1.8 ml sludge (0 min. 43°C)

1.8 ml sludge (200 min, 43°C

Recovery
Total

100

101

72

102

of II-cpm (%)
Acid-Precipitable

100

52

99

10

Recovery of
PFU (%)

100

0.02

4D

0.08

2500

2000

1500

1000

500

0

•

•

a » i i » » i
/

. i i i

-

• " •

1 j ./
0 1 8 12 16 20 21

FRACTION NUMBER

14
Figure 5. Gradient Profiles of C-Labeled Poliovirus Before (•—•) and

After (3 - D) Treatment W C , 200 Mimitcs) in Iiuffer
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The effects of sludge on the inactivation of poliovirus have lieen demonstrated, up to this time,

with only one strain of Type-1 virus called VU132. In order to determine the general applicability

of these re-ults to other strains of poliovirus, similar experiments were conducted with another

strain of Type-1 (Mahoncy) and a strain of Type-2 virus (P712-Ch-2ab). The salient features of

these experiments are shown in Table III. It should first be noted that these new varieties of polio-

virus are both more ftable than strain VR192 when heated in buffer. For example, the titer of

VI .92 decreased more than three orders of magnitude during 200 minutes at 43°C while both the

Mahoney and P712 strain retained greater than IOTJ of their original infectivities under these con-

ditions.

TABLE III

Comparative Rates of Heat Inactivation of Several Strains of Poliovirus in Sludge

Percentage TO Survival of PFU

Heat '

43°C,

43°C,

43°C,

45°C,

45-C,

45°C,

47°C,

47°C,

47°C,

49°C,

51°C,

Treatment

200 min

200 rain

200 min

80 min

100 min

100 min

20 min

20 min

20 min

5 min

3 min

Virus Strain

VR192 T

Mahoney

P712

VR192

Mahoney

P712

VH192

Mahoney

P712

P712

P712

No Sludge

0.02

25.0

13.0

0.03

0 . 5

0 . 7

0.03

0 .4

0.03

0.08

0.03

0.1 Alilliliter
Sludge*

14.0

-

-

1.1

31.0

61.0

0.008

5 .1

7 .4

0 .6

0.05

1.8 Alilliliter
Sludge1''

0.07

0.15

0.25

0.002

0.02'

0.03

<0.0002

0.003

0 . 1

0.02

0.001

Amount of sludge (6% solids) in 2-milliliter sample.

The most important point to be learned from the data in Table III is that the effect of sludge

on heat inactivation of these new poliovirus strains is qualitatively quite similar "to its effect on

VR192. At 45°C, for example, all three varieties are protected by a small amount of sludge but

lose this protection when heated in large quantities of sludge. There are, however, two some-

what significant differences between the results found for these new strains and those for VR192.

The first is that, even at the lowest temperature shown here, the rates of inactivation for the

Mahoney and P712 strains in large amounts of sludge are much more rapid than in the absence of

sludge. This was not previously found for VR192, even at a temperature of 39°C (results not

shown). However, as will be discussed below, the rate of inactivation of VR192 at .room tempera-

ture (~25°C) is much greater in the presence than in the absence of sludge. The second feature

to be noted from Table III is that small quantities of sludge protect Mahoney and P712 strains but



not VR102 at tlie higher temperatures. These two differenced indicate that the actual quantitative

cflVot of sludge on heat inactivation of poliovirus at any specific temperature is strain-dependent.

All previous results describing the effect of sludge on poliovirus inactivation have been

carried out by using a single batch of anaerobically digested sludge obtained from the Albuquerque

Sewage Treatment Plant on February 4, 1075. Clearly, sludge samples could be quite different

from month to month in both their physical and chemical properties. Therefore, a sludge sample

obtained several months later (August 15, 1075) containing 10f» solids was compared to that of the

earlier sample which contained only 6'!'o solids. For this experiment, virus was titered after

treatment at 43°C for 100 minutes in various amounts of both sludge types: As shown in Table IV,

Hie samples had very similar effects on the rates of poliovirus inactivation both at low and high

sludge concentrations. It appeEirs, therefore, that each sample contained the components which

protect poliovirus against heat inactivation and those responsible for loss of this protection.

Although poliovirus has been shown to be rapidly inactivated by heat and radiation in sludge,

nothing has been said concerning the probability of infectious virus being present in this sludge

prior to treatment. Certainly sewage contains large amounts of poliovirus. Equally as certain,

much of this virus gets trapped in particulate matter and carried with the sludge into the anaerobic

digester. At this point, it is unclear what happens to the virus. Efforts to detect infectious virurf

in sludge following digestion have been unsuccessful. Quite possibly, however, this could mercl\

be due to an inability to detect virus which may have become tightly bound to sludge components.

TABLE IV

Comparative Rates of Inactivation of Poliovirus In Two Sludge Samples
at 43°C for 100 Minutes

Percentage CM Survival of IT I
Volume of Sludge in 2-Milliliter

Sample During Treatment

No sludge

0.05 milliliter sludge

1.8 milliliter sludge

Old Sludge (2/-!/75)
6% Solids

0.03

27.0

0 . 3

New Sludge (8/15/70)
10"u Solids

0.03

33.0

0 . 2

In an attempt to determine what happens to poliovirus in sludge during anaerobic digestion,

the effects of digested sludge or: the rate of poliovirus iuactivation at room and ice bath tempera-

tures were studied. Here, all three varieties of poliovirus previously described were investigated.

As shown in Table V, no change in the infectivity of polievirus was detectable after 5 days at 4°C

in the absence of sludge. However, the virus titer decreased by about one order of magnitude

during this time period when held at room temperature. In the presence of sludge, the app.irent

rate of inactivation was tremendously accelerated at both temperatures.
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TAlSLli V

Recovery of Foliovirud After Five Days In Sludge
at Room Temperature or 4'C

Percentage ("••) Survival of I'I''I

No Sludge

No Sludge

+ Sludge,

+ Sludge,

Treatment

. 4°C

, room temperature

4°C

room temperature

VK192

100.0

6.3

3.8

<0.0003

Mahoney

100.0

11.0

3.6

<0 . 00005

V

100

8

3

< 0

'712

. 0

. 4

. 3

.0002

The loss of viral infectivity at ambient temperature and below in the presence of sludge may

not be due to inuctivation but merely the prevention of biological expression of the virus. It was,

therefore, necessary to determine the nature of the virus particles after several days in sludge.

The initial method was to measure changes in their sedimentation rates by centrifugaticn in linear
14density gradients. Using virus labeled with C-amino acids, a breakdown of particles was found

after 5 days at room temperature both in the presence and absence of sludge (Figure 8i. However,

the amount of particle dissociation at this temperature was significantly less than the loss of itifcc-

tivity previously noted (see Table V). This is especially evident in the sample containing sludge

where the virus survival was less than 0.0003°'o, and the sedimentation value of about lO'Io of the

particles was not detectably changed.

Loss of virus titer without a concomitant change in viral sedimentation rate was even more

evident after 5 days ir sludge at 4°C (Figure 8). Although survival was less than 4'!'o after this

treatment, there was almost no loss of label from the peak of intact virus. A similar result

occurred when the poliovirus was left for 10 days under these conditions. Here, the titcr dropped

to 0.6% of the value found in the absence of sludge (results not shown).

These results suggest that viral infectivity can be lost without the sedimentation value of

virus being substantially changed. It has been shown that the initial step in the inactivation of

poliovirus at high temperatures is the release of a specific viral protein which results in a signifi-

cant decrease in the sedimentation velocity of the virus particles. Therefore, it appears that

some other mechanism of inactivation may be involved here. One such mechanism could lie the

inac.tivation of the viral RNA within the particle. However, the possibility that the infectivity of

these particles is merely blocked by some sludge component also cannot be overlooked. There-

fore, the state of the RNA within particles still sedimenting at the position of this iafectious virus

following several days in sludge was examined.

To study viral RNA, molecules labeled with K-uridine were extracted from particles left

in sludge for 10 days at 4'C and compared in their sedimentation velocities with KNA from particles

in sludge for only 15 minutes. As shown in Figure fl, there is a significant decrease in the sedi-

mentation value of UNA molecules extracted from particles left for the extended time in sludge.
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Clearly, however, these molecules are not extensively cleaved since their average sedimentation
values are greater than 50"> of that of intact poliovirus RNA. These results suggest that the effect
of sludge on poliovirus at t'C is to induce a limited amount of RNA breakdown with the virion, thus
causing inactivation of virus particles but little if any change in their sedimentation rates.

From the results presented here, it can now be stated with certainly that loss of virus
plaquing ability in the presence of sludge at all temperatures studied in these experiments is due
to a true inactivation of the replication potential of the virus.

Finally, one more experiment was carried out to determine which portion of sludge (solids
or liquid) contained the component responsible for inactivation at lower temperatures. For this
experiment, sludge was centrifuged at 10,000 X g for 20 minutes to separate solid and liquid
phases. The solid phase was then resuspended in buffer, and the two components were individually
compared with the original sludge in their abilities to cause loss of poliovirus infectivity during 3
days at room temperature. As shown in Table VI, the substance causing loss of infectivity was
found mainly in the liquid fraction. This finding can be correlated with the previous result indi-
cating that the liquid portion of sludge contains the material responsible for the loss of -jrotectior.
of virus against heat inactivation.

TABLE VI

Fiv,o»"ery of Poliovirus After Three Days At Room Temperature
In Various Sludge Fractions

Sludge Fraction Percentage {",'<,) Survival of FFU

No sludge

Total sludge
Sludge liquids
Sludge solids

31.0
0.003

<0.001
6 . 3

In conclusion, these results show that poliovirus is rapidly inactivated in sludge by heating
at moderate temperature and more slowly at and below ambient temperature. Rapid heat inactiva-
tion is characteristically associated with breakdown of virus particles while the presence of sludge
at low temperatures appears to cause cleavage of viral RNA within the intact virion.
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III. IRRADIATION SYSTEMS

The fabrication of the flow-through system was completed early in September and was in-

stalled at the GIF in Area V. The first 2 weeks of September were required for installation, final

assembly, and shakedown runs of ihe system. In the next 2-1/2 weeks, approximately 4000

gallons of nominally 5% solids content sludge were treated at 65+°C, at 130 krads, and with a

residence time in the irradiator of 5 minutes. The 2-1/2-week treatment period required 24 hour

per daj attended operation (2 people) during the week days.

./i line drawing of the final system is shown in Figure 10. The sludge is brought in from

Albuquerque's Plant No. 2 in 55 gallon steel drums. The sludge is filtered through 1/4 inch

screen wire as the drums are filled. A plastic 55-gallon reservoir was used on the front end of

the system and was refilled periodically (every 2-1/2 hours) from the steel transfer drums. A

centrifugal pump is used to stir the reservoir. From the pressure side of the pump, sludge is fed

to the tubing pump which meters the flow. A counter recording the revolutions per minute of the

tubing pump measures the flow rate of the sludge. An infrared emitting diode and detector assembly

was used to measure the angular velocity. The sludge then went into a coaxial counter-current

flow heat exchanger that was described in the last quarterly report. At the flow rates used, the .

sludge exiting the heat exchanger was within 0. 2°C.of the temperature of the heating water from

the hot water heaters. A several degree loss occurred on the line from the heat exchanger to the

irradiator, but was regained from heat from the cesium source. The temperatures were adjusted

so that a minimum temperature of 64.5°C was recorded on the outlet of the irradiator (Figure 11).

From the irradiator, the sludge went into plastic 55-gallon drums to prevent corrosion. An addi-

tional hot water heater was used as a reservoir to provide 85+°C water for a rigorous pasteuriza-

tion of the entire system before and after production runs. The hot water also preheated the

system before use.

The plastic drums were then taken to Area III and emptied into drying vats. The drying

vats are polyethylene-lined, 8-feet diameter stock tanks with transparent polyethylene covers.

Solar energy is used to furnish energy for the drying and a squirrel cage blower removed the water-

vapor-saturated air. Eleven drying tanks were constructed. The sludge is still in the process of

drying. Approximately J.-1/4 tons of dry material will be finally produced for the animal refeeding

and greenhouse studies at New Mexico State University.

The system is now being modified to treat undigested sludge directly for the studies at New

Mexico State University. Two hundred pounds of dry matter are required for the studies.
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Cohalt-60 Storage Facility

The modifications to the SERF cutoff pool necessary to store 1.4 MCi of cobalt-60 have been

completed and were examined by a representative of the Operational Safety Group at the Albuquerque

Area Oifice of KRDA.

Three of the pins (360,000 kCi) have been shipped from Canada and are temporarily stored

in the GIF pool. Three more pins are due to arrive within 2 weeks. The first three pins have

already heated the GIF pool to 90"F and will have to be transferred to the cutoff pool where a cool-

ing system is installed.

Approximately 1 day and 7 people were required for the unloading of the cask. A 20-ton

crane was used to move the 15-ton shipping cask.

The depleted uranium transfer cask, on loan from LASL to take the pins from the ACPR to

the cutoff pool, has arrived and is being stored in Area V.

New Mexico State University Fertilizer and Animal Refeedint; Studies

Chemical analyses with respect to the nutritional values and the heavy metals content of the

treated sludge have been performed. They are summarized as:

Ash 30-50%

Crude Protein 16.25%

AD (acid detergent extractable) Fiber 58.0 %

AD Lignin 11,7 To

Ether Extract 6.7 %

Heat of Combustion 2.83 K-cal/g

Minerals (pprn)

Co-12

Mn-123

Cd-14

Cr-320

Ag-61

Se-2
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The rats (120) for the toxioity studies have been acquired and are being fed the test mixtures

of up to 25% treated dried sl.idg>>. The tests being performed are summarized by:

Number of Rats

12 100% basal (Purina Rat Chow)

12 90% basal 10% sludge (treated)

12 75% basal, 25% sludge (treated)

12 90% basal, 10% inert filler (a - cellulose)

12 75% basal, 26% inert filler

These tests, using the initial 25 pounds of thermoradiated sludge provided to NMSU, have

now been in progress for approximately one month. Body weights, urine assay, and feces assay

are being performed to evaluate the value of the sludge as a feed.

The 17 sheep have been acquired for tests with ruminant animals. Five of these have been

fistujated for ease in obtaining rumen samples. These sheep have recovered from the surgery

nicely.
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WITH A PILOT PLANT FOR THE IRRADIATION OP SEWAGE SLUDGE

BACTERIOLOGICAL AND PARASITOLOGICAL STUDIES AFTER IRRADIATION.
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Abstract

EXPERIENCE WITH A PILOT PLANT FOR THE IRRADIATION OP SEWAGE SLUDGE

BACTERIOLOGICAL AND PARASITOLOGICAL STUDIES AFTER IRRADIATION.

Reduction of viable micro-organisms could be achieved by irra-

diation of sewage sludge in a pilot plant ( °Co gamma-radiation

300 kradj 300 min.). The reduction amounted to an average of

2 log with Enterococces and total bacterial count and to 5 log

with Enterobacteriaceae. Out of 2'-j sludge batches from dige-

stor II, 21 were free of Salmonella after irradiation. Of

7 sludge batches from digestor I with a higher level of Entero-

bacteriaceae and Salmonellae 5 batches still contained Salmo-

nella after treatment.

By making some alterations in the pipe system and reloading

further Cobalt 60-sources the duration of irradiation could

be reduced to 65 rain, while maintaining the dose level of

300 krad. Employing this altered procedure 16 batches from

digestor II and k from digestor I were irradiated to date. Only

in one of 60 samples Salmonella were detectable.

The hygienic effects of the irradiation unit were confirmed by

means of a model experiment with bacterial pure cultures. Micro-

organisms of different species as well as strains of the same

species differ in their radiation-sensitivity.

Parasitological experiments were conducted with Ascaris suum

ova. No embryonation was noted after radiation treatment at a

dose of 300 krad.
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The investigations were carried out in a conventional sewage

plant to which an irradiation unit for hygienisation of di-

gested sludge was connected. The results obtained were com-

pared with those of the conventional methods.

5,6 nr sludge could be irradiated per charge in this unit.

The pumps and pipes for the turning over of the sludge during

irradiation are situated outside the irradiation unit. Co-

balt 60 was used as the source of gamma rays3 the dose was

300 krad and the duration of irradiation varried from 210 -

300 min. The bacteriological investigations pro one kg of

homogenized sludge consisted of the following:

- colony count of aerobes growing at 37°C

- enterobacterial count

- faeca^coli-titre

- Enterococces-titre

- enrichment for Salmonella qualitative and quantitative.

According to investigations of Schothor^tCl), Siems (2) and

Pietzsch and co-workers (3) Trypticase-Soya-broth was used as

a pre-enrichment for sublethally injured Salmonella in the ir-

radiated samples with subsequent enrichment in TBG-broth at ^3 C.

Following investigations were carried out:

A. Field experiments

For the comperative study of raw, unirradiated and irradia-

ted digested sludge.

B. Model experiments

For the determination of the lethal activity of the gamma

rays on pure cultures of different bacterial species.

C. Parasitological investigations

To test the inhibitory ability of the gamma rays on the

erabryonation of worm eggs.
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In the field experiments the following samples were examined:

1. raw sludge

2. anaerobically digested sludge from the heated digestor 1

3. anaerobically digested sludge from the non heated digestor II

4. a) digested sludge from the storage tank of the pilot plant

before irradiation

b) after irradiation

from which the following samples were taken:

b-) a specially placed outlet close by the irradiation

unit

b«) a poin'v where the sludge flows to the drying bed

b,) drying bed after settling.

Prom each irradiated batch 2 kg were taken from the specially

placed outlet and 1 kg from the effluent to the drying bed.

A Resulis - Field experiments

The mechanical-biological sewage sludge treatment reduced the

colony count and enterococces by 2 log and enterobacteria by

3 - 4 logs. The average concentration of Salmonella in raw

and digested sludge of digestor I was 4 log pro kg and in the

digested sludge of digestor II it was 3 log per kg. But the

maximum number of organisms were 6 log per kg in digested

sludge. Seasonal variations could also be observed. Sludge

stored in drying bed 3 - 8 days still contained 2 log Salmo-

nella per kg (Tab. I)

Of 240 Salmonella strains isolated we found 28 different sero-

types of which S. panama, typhimurium3 infantis, Heidelberg,

brandenburg, derby3 livingstone and agona v.ere predominant.

It must be noted that S. dublin which is often present in

animals was not isolated.

Further reduction of viable microorganisms could be attained

with the irradiation unit connected to the sewage plant. The

reduction of colony count and enterococces was 2 log, and

Enterobacteria 5 - 6 log.
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Table I:

Salmonella occurrence in different sewage sludges

Type of sludge

raw sludge

anaerobically
digested sludge I
(heated digestor I)

anaerobically
digested sludge II
(non heated digest.II)

anaerobically
digested sludge II
stored in drying bed

Number of samples

No. of
samples
investigated

18

29

32

6

85

no Salmo-
nella
findings
in lOg

1

3

3

-

7

S

10g

17

26

29

6

78

almone!

lg

15

17

21

1

54

.la fine

o.ig

12

14

7

«

33

lings ir

0,01g

3

3

3

9

i :

0,001g

1

1

2



The results of the field experiments showed, that the quanti-

ty of microorganisms remaining in the irradiated sludge is

directly connected to the location from which the samples

were taken. The count was higher in the samples taken from

the outlet leading to the drying bed than from the specially

placed outlet-near the irradiation unit. Predominant among

the Enterobacteria were Citrobacter and Proteus species

which had probably remained in the pipe system from previous

batches and had multiplied anJ reinfected the irradiated

sludge flowing from the radiation unit to the drying bed.

Paecalcoli- and Enterococces-titre showed no significant dif-

ference at both points at '••hich the samples were taken. A

similar situation was notni i"> irradiated sludge stored in

drying bed. After 3 - 8 days of storage the colony count

reached a high level of 6 - 7 logs than the count before ir-

radiation and the count of Enterobacteria also increased

to 3 to 5 log per g. In comparison to untreated sludge we

noted a shift in the type of microorganisms with Citrobacter

und Proteusspecies predominating. Even by prolonged storage

the count of faecalcoli did not increase but decreased further-

Out of 23 sludge batches from digestor II 21 were free of

Salmonella after irradiation. In 2 batches Salm. could still

be isolated. Of these one sample was taken from the specialy

placed outlet and one from the sludge flowing to the drying

bed. Out of 7 batches from digestor I with a higher level of

microorganisms and Salmonella, 5 batches were positive after

irradiation (Tab. II).

One pos. and one neg. batch were stored in a special drying

bed together with 3 non investigated batches. During a 3 week

period, 6 investigations of the stored sludge were made. Sal-

monella was isolated only once after a fortnight in a sample

of lOOg sludge. On the basis of these results we can conclude,

that Salmonella, surviving irradiation, can not remultiply in

the stored sludge in the drying bed. But further investigations

are necessary to confirm these findings (Tab. III).
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Table II ; Salmonella findings in anaerobically digested sludge

date

18.

16.

05-

0 8 .

15-

15.

30.

03..

06 .

13-

02.75

04.75

07.75

07.75

07.75

09.75

09.75

10.75

10.75

10.75

Mater ia l

digestor

digestor

digestor

digestor

digestor

digestor

digestor

digestor

digestor

digestor

I

I

I I

I I

I I

I

I

I

I

I

10

+

+

+

+

+

+

+

+

befor

Sa

1

n.i.

-

+

-

+

+

+

+

+

+

e irrs

.lmone!

IS1

n.i.

-

+

+

+

+

idiati

-la/g

102

+

+

+ •

-

-

Dn

105

+

-

-

10*

-

aft«

spec

100

n . i .

-

-

-

-

+

*

-

jr irra

sam

jial ou

10

+

+

+

diation

Salmon
pies re

tlet

1

-

-

(300 kr

ella/g
moved fr

exit tc

100

n . i .

+

-

-

-

-

-

-

-

ad, 3a

om
dryini

10

-

+

) min.)

;bed

1

-

n.i. = not investigated



Table III: Microbial content of irradiated sludge after storage in the drying bed

I

Itype of samples

digested sludge I
before irradia-
tion

digested sludge I
after irradia-
tion removed
from the effluent
to drying bed

irradiated diges-
ted sludge I
after storage
in the drying bed

date

30.09.75

01.10.75

30.09.75

01.10.75

30.09-75
01.10.75
06.10.75
07.10.75
13.10-75
20.10.75

Salmonella-
t i tre
(-log/g)

2

2

- 1

-

- 2

Paecal-coli-
titre
(-log/g)

5

5

- 0.

- 0

- 0

- 0

- 0

> - l

Enterococces-
titre
(-log/g)

4

6

3

3

3

3
4
3

Enterobact.
count
( log/g)

5,1

5,9

1

1

3,3

4,9
4,5
5,1

"Colony count

( log/g)

6,3

5,4

4,1

4,6

6,8

7,3
7,2
6,9



The reason for positive Salmonella findings after irradia-

tion may be, that the dose of 300 krad is not sufficient to

destroy pathogens in sludge with a high level of microor-

ganisms and Salmonella. Another reason may be reinfection

through sludge from certain parts of the pipe system and

sludge which was not sufficiently turned over and irradia-

ted. By making some alterations in Dec. 75 the pipe system

for turning over of the sludge was changed. At the same

time further Cobalt 60 sources were reloaded and through

this the duration of irradiation could be reduced to 65 min.

while maintaining the dose level of 300 krad.

Emptying this altered procedure 16 batches of digested sludge

from digestor II were irradiated to date. Only one of 3 samples

of one batch showed Salmonella (lOOg pos.). For technical

reasons only 4 batches of digested sludge from digestor I

could be examined to date. Salmonella were not detectable

after irradiation. Further investigations with different

concentrations of Salmonella in sludge must be conducted to

determinej where the dose of 300 krad is sufficient to destroy

them in every case.

B Results - Model experiments

The hygienic effect of the irradiation unit could be confirmed

by a model experiment with pure cultures of different bacterial

species. Ik Salmonella species in 190 individual tests and

JjJ) strains of other microorganisms in 300 individual tests were

examined for their susceptibility to irradiation in the unit.

Twice washed 16 hr. broth cultures were suspended in a buffer

solution, and sealed in sterile plastic tubes in quantities

of 0,35 ml-and encapsulated in plastic spheres and added to

the digested sludge in the storage tank of the unit. The

spheres passed through the hygienization process along with

the sludge.

Not only microorganisms of different species differ in their

radiation sensitivity but also there are differences amoung

the various strains of one species. The reduction of the tes-

ted E. coli strains for example was between 5 and more than



8 logs, with Salmonella between 4 and more than 7 logs, on

the average between 5 and 6 log. The tables were shown in

the proceedings of IAEA symposium last year (4).

Gramnegative microorganisms were shown to be more sensitive

to gamma radiation than gram-positive ones and Bac. subtilis

spores were more resistant than vegitative forms.

No significant difference was observed in the results when

the time period was either 65 min. or 300 min. as long as

the dose was maintained at 300k?ad,

To date the KSB-pump was used for turning over the sludge

during the hygienization. The mixing process is satisfac-

tory, as the experiments with spheres showed. Variations

between different spheres in testing a particular strain was

limited to 1 log (Tab. VI±).

The performance of the Mohno-pump was completely different.

Under identical conditions of irradiation the variation in

the bacterial count of the different spheres was as large

as 6 logs; and the reduction tate became incorrect results

(Tab. IV 2).

C Results - Parasitological investigations

For testing the inhibitory or destructive effects of gamma

rays on parasitic resistant stages, Ascaris suum ova were

chosen. The freshly isolated eggs were suspended in water so

that 0,3 ml contained 30 - 35 000 eggs. The egg suspension

was sealed into plastic tubes which in turn were enclosed

in plastic spheres. The spheres were treated in the same wag

as the bacterial suspension and irradiated in the unit toge-

ther with the sludge, at 300 krad for 290 min. After the

treatment both the content of the control spheres and the

test spheres were suspended in water in petri dishes and

incubated at 30°C.

4 investigations' were carried out, each with 18 spheres.

For purposes of comparison an investigation was made simul-

taneously with the same basic material in the spheres 'out
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Table IV, The reducing effect of gamma i r r ad i a t ion on di f ferent
bac te r i a l species

a) Model-experiments
with KSB-pump
300 hrad 300 min.

Nature of
species

S.panama

E. coli
Type 21

E.coli
Type 21

bacterial count

hon irradiated .

8,77

8,85
8,83

•a«8,82

8,69
. 8,51

8,6!)

»a-8,63

8,38
8,79
8,78

na-8,8l

log/0,1 ml

irradiated .

3.29
3,10
3.18
3.20
3,28
3,27

8,88
3 .H-
3.90
3.62

na-3,56

2,81
3,36
3,06

3,11
3.30
3,19

ma-3,29

Reduction
of bacterialcount
(log/0,1 ml)

5,19

5.07

5,51

b) Model-experiments
with XSB-pum?
300 krad 65 min. •

Nature of
species

S.panaira

E.coli
Type 21

bacterial count

non irradiated .

8,9
8,81
8,79

V8 '8 5

8,61
8.89
8.71

»a-8.76

log/0,1 ml Reduction
[of bacterial
1

rradiated
2.83
3.57
3,57
3.67
3.52
3,39

2,39
3.21
3,29
3,OH
3,39

»a-3,17

count
log/0,1 ml)

5,36

5,59

i= arith. Mittel



Table IV2: c) Model experiment with the
Mohnopump, 300 krad, 65 man.

Nature of
Species

E. coli
Type 21

• bacterial count log/0,1 ml
non irradiated

8,69
8,79
8,78

m = 8,76
SL

irradiated

6,23
6,04
5,18
4,20
4,08
3,60

2,23
1,11

0 , 3
0,84

0

0

Reduction
log/0,1 ml

6,3.4

m = arith. Mittel
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I
without sludge in the Research Reactor-Garching.
18 spheres Were exposed 300 krad in 122 min.
12 spheres were exposed 200 krad in 80 min.
12 spheres were exposed 100 Krad in 40 min.
Microscopic investigations made twice weekly with irradiated
and unirradiated material for a period of 4 month gave the
following results:
1. 98? of the unirradiated eggs developed normaly into viable

embryos between 30 - ko days.
The infectivity of the eggs was proved in white mice.
Even after k month of incubation of the eggs the larvae
were found to be viable.

2. With the irradiated ova no immediate change was found
after irradiation when compared with the controls. The
coverings and the contents of the eggs appeared to be
morphologicaly unchanged.

3. The development of the eggs after 200 and 300 krad of
irradiation ceased after a few atypical segmentations, 5 -
15? of the eggs were already found dead in the one-cell-
stage.
The irradiation damage was found to be irreversible, and
no embryonation was observed even not after a prolonged

incubation period of 4 month.

k. As the incubation period became longer the Blastomeres
showed a degenerative change in the form of small and
big bubbles in their contents.

5. With a dose of 100 krad the same change?appeared, however
2 - 3$ of eggs were embryonated.

The investigation made so far leads to the conclusion, that
a dose of 200 krad °Co of irradiation is sufficient to com-
pletely prevent the embryonation of the Ascaris eggs.
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EFFECTS OF GAMMA IRRADIATION ON PHYSICAL-CHEMICAL
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Abstract
EFFECTS OF GAMMA IHHADIATION ON PHYSICAL-CHEMICAL PROPERTIES AND
DEWATEEING CHARACTERISTICS OF SLUDGES.

Separation of solids from liquids is a paramount operation in
the processes applied in treating sewage and waste waters. There-
fore, studies were undertaken to investigate effects of gamira irra-
diation on the physical-chemical properties of sludges and the de-
watering characteristics of anaerobically digested sludge and
aerobically activated sludge. A dose of 300 krad reduced the speci-
fiCgresistance of anaerobicallygdigested sludges from 33 x 10
sec /g to approximately 10 x 10 sec /g. This conditioning effect
was little influenced by the presence of oxygen or nitrogen.
Pasteurization increased the specific resistance to filtration up
to 48 x 10 sec /g. D&watering characteristics of raw sludge were
not affected by irradiation in the presence of oxygen but a slight
conditioning effect was noticed when the sludge was irradiated
under deaerated conditions. Experimental evidence indicated that
gamma irradiation detached organic substances from the sludge
flocks resulting in a decrease of the specific resistance and an
increase in the Total Organic Carbon (TOC) and the Chemical Oxygen
Demand (COD) in the filtrates.Elutriation reduced but did not eli-
minate the conditioning effect of gamma irradiation.

INTRODUCTION
In the Netherlands appr=::i=iately half of the sewage sludge

produced is utiH'.lied in agriculture, wbexe ample practical expe-
rience exists of its value as a source 01 nitrogen, phosphorus,
and trace elements for crops. However, when sludge is to be used
on agrir.altural land, the concentrations of tcxic compounds have to
be at acceptable low levels and the sludge must not be a source
for potentially infectious organisms. If disposal of sludge on land
would be reduced or forbidden, the financiel repercussions would be
serious.

Disinfection of sludge can be done by ionizing radiation or
by thermal pasteurization. Thermal pasteurization .has several
disadvantages. Bewatering properties of sludge deteriorate by pas-
teurization while the sludge volume increases from the condensed
steam used to heat the sludge in the common pasteurization facili-
ties. Corrosion is increased by the high temperatures which also
generate obnoxious smells. The nuclear method of disinfection offers
a number of additional advantages. Results of laboratory experiments
indicate that ionizing radiation has sludge conditioning properties
(Etzel et al. 1969) and is capable of decomposing many noxious
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compounds (Case et al. 1971).

Separation of solids from liquids is a paramount operation in
the processes applied in treating sewage waste waters. The purpose
of this paper is therefore to report on effects of gamma irradia-
tion on physical-chemical characteristics of sludges related to
their dewatering properties.

MATERIALS AND METHODS.

Anaerobically digested sludge was obtained from a waste water
treatment plant near Zeist'in the Netherlands. This conventional
plant had a total capacity of about 70,000 population equivalents.
Samples of raw sludge were taken from a Pasfeer oxydation ditch
with a total capacity of 16,500 population equivalents near Benne-
kom in the Netherlands.

Total suspended matter, chemical oxygen demand and total orga-
nic carbon were determined by Standard Methods (1971)-

Sludge samples were irradiated in one liter glass bottles at a
dose rate of 1,445 krad/hour delivered by a 175,000 Ci boCobalt
source in the pilot plant for food irradiation of the Association
EURATOM-ITAL. Sludge samples were bubbled with oxygen or nitrogen
gas at a rate of 10 liter per minute during irradiation and 90
minutes previous to the radiation exposures.

Pasteurization of sludges was performed by heating sludge
samples at 70 C for JO minutes in 1 liter containers in the water
bath.

Specific resistances to filtration were obtained by Buchner
funnel test (Eckenfelder, 1966) from sludge samples screened through
a sieve of 2 mm in order to prevent erratic results arising from
large particles such as debris of branches, coarse sand, etc.

The dosimetry has been described previously by den Hartog and
Groneman (1976).

EXPERIMENTAL RESULTS AMD DISCUSSION.

Sludges are suspensions of solids in liquid. The suspended so-
lids vary tremendously in size. They may be formed by coagulated
and flocculated colloidal pollutants such as cytolytic debries from
sewage, live and dead bacterial cells, live and decaying algae,
silts, clay, and organic particles.

The effect of gamma irradiation on the physical-chemical pro-
perties of a sludge is exemplified in Figure 1. An arbitrarily
chosen dose of 2 megarad drastically changed the interaction forces
between the sludge particles and the wetted glass plates, which were
inclined at an angle of 60 from a horizontal plane. The forces with
which the sludge adhered to the glass surface were altered and the
cohesive forces exerted between particles within flocks appeared to
have changed drastically.

The next two illustrations show how the structure of the sludge
mass was altered by gamma irradiation.

Figure 2 is an enlargement of a 1:1 picture of untreated,
anaerobically digested sludge on the glass wall. It shows a compact
thick substance with a close structure. The same enlargement of ir-
radiated sludge in Figure 3 shows a thinner film on the glass wall
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Pig. 1 - Effects of 2 megarad of gamma irradiation on
the physical-chemical properties of a anaero-
bieally digested sludge from Zeistj2.3J& suspen-
ded solids.

with a more open structure. The structure of the sludge substance
were changed drastically by the irradiation.

Changes in the properties of anaerobically digested sludges
also occurred at lower irradiation doses and affected the dewate-
ring characteristics.

The specific resistance to filtration was selected to describe
the dewatering characteristics. This quantitative measure of filter-
ability has a sound theoretical basis (Coackley et al. 1956) and
has been shown to be closely related both to the performance of
drum filters and filter presses (Jones 1956) as well as in the bed
yield expressed in dry weight of solids per area per year as lifta-
ble sludge (Swanwick et al. 1962). Sludge dewatering improves as
the specific resistance decreases.

Results of experimental determinations of the specific resis-
tance to filtration at 500 g/cm are presented in Figure 4.

Prom Figure 4 it is seen that gamma irradiation had conditio-
ning effects on the anaerobically digested sludge from Zeist, which
was gassed either with nitrogen or with oxygen, at a rate of 10
liters of gas per minute. Gamma irradiation drastically reduced the
specific resistance from 31 and 33 units to i>0$ of its initial value
at 300 krad and to about J0$ of its initial value at 500 krad. The
largest decrease of the specific resistance oeeured in the first
100 to 200 Icrad indicating that the rate of conditioning of gamma
radiation decreased with increasing dose. These results are consis-
tent with the results of laboratory and pilot plant experiments
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Pig. 2 Structure of untreated anaerobically digested sludge from
Zeist; 2.3^ suspended solids.

Pig. 3 Structure of anaerobically digested sludge from Zeist,
exposed at 2 megarad of gamma irradiation; 2.3?S suspended
solids.

reported earlier by Groneman (1975) using anaerobically digested
sludge from Geiselbullach in Germany. Oxygenation did not enhance
the conditioning effects of irradiation relative to nitrogenation.

Thickened raw sludge from a Pasfeer oxidation ditch behaved
differently. First, this type of unstabilized sludge dewatered to
a much better extent as indicated by a low specific resistance of
6 units in the oxygenated sludge. Second, gamma irradiation had no
effect on this well dewatering raw sludge. The increase of the
specific resistance above 200 krad is probably due to the longer
oxygen bubbling time, which was proportional to the irradiation
time in this • experiment. As reported earlier by Groneman
(1975), shearing forces due to stirring or bubbling impaired struc-
tures of sludge flocks. As a result of bubbling the dewatering pro-
perties deteriotated to some extent above a dose of 200 krad.
Gassing with N-as compared to 0 2 gassing increased the specific re-
sistance of raw sludge as indicated by a specific resistance of 17
units at 0 krad. In the case of nitrogenation,gamma radiation had
a distinct condtioning effect and reduced the specific resistance
from 17 units to 11 units at 200 krad, a reduction of 35%. Above
a dose of 200 krad the conditioning effect was partially counterac-
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Pig. 4 Effects of irradiation dose on the specific resistance to
filtration of anaerobically digested sludge and raw sludge
with and without oxygen.

ted by the longer bubbling period in this experiment.
Obviously, anaerobic conditions in a nitrogen atmosphere in-

creased the specific resistance relative to 0~ and in this case the
conditioning effect of gamma radiation became apparent. These re-
sults are interesting mainly from a research point of view, but have
little practical implications at this stage. The experimental evi-
dence indicates that the conditioning effect of gamma irradiation
depends on the type of sludge. An observation with important prac-
tical implications is that pasteurization at 70° C for 30 minutes
drastically deteriorated the dewatering properties in both sludges,
as indicated by the seriously increased specific resistance to
filtration.

The suspended solids contents of the anaerobically digested
sludge from Zeist and the raw sludge from Bennekom were 2.3$ and
2.5$, respectively. These sludges, with a water content of 97.7%
and 97-5$, respectively, are considered to be an aqueous system.
To better understand the governing processes involved in the con-
ditioning effects of gamma irradiation in anaerobically digested
sludge filtrates were analysed for their total carbon content (T.C.),
their inorganic carbon content (i.e.), their total organic carbon
content, and their chemical oxygen demand (C.O.D.).
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Pig. 5 Effects of oxygenation, nitrogenation, irradiation, and
pasteurization on the contents of Total Carbon, T.C., of
Inorganic Carbon, I.C., of Total Organic Carbon, T.O.C.,
and the Chemical Oxygen Demand, C.O.D., in filtrates of
anaerobically digested sludge from Zeist (2£$ suspended
solids).

From the experimental data summarized in Figure 5 it is seen
that the total carbon content (T.C.) in the filtrate, that is the
stun of carbonates, bicarbonates, and. organic carbon, increased with
the irradiation dose. The largest rate of increase occured in the
first 100 krad. The increase of the concentration of total carbon
was due mainly to the increase of the content total organic carbon
(T.O.C.) in solution, as indicated by the two lowest curves, that
present the content of total organic carbon in the filtrate as a
function of the dose. The content of (bi)carbonates (i.e.) .•'ncreased
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slightly with the radiation dose, which may suggest that some of
the organic molecules in the sludge oxidized to COp.

The chemical oxygen demand (C.O.D.) in mg 0?/l also increased
with the radiation dose and the largest rate of increase occured at
radiation doses between 0 and 200 krad. Oxygenation of the sludge
clearly increased the C.O.D. of the filtrates at radiation doses
above 200 krad, as compared to nitrogenation. This increase in
C.O.D. was closely related with the increase of T.O.C., also due to
oxygenation.

The most striking aspect of these results is that the largest
rate of conditioning of gamma radiation coincided with the largest
rate of increase of the content of T.O.C., which explains the
closely associated increase in C.O.D.. It is anticipated to examine
this phenomenon in more detail and to explore its practical impli-
cations in the near future.
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Pig. 6 Effects of elutriation
on the specific resistance
of anaerobically digested
sludge.

Fig. 7 Effects of irradiation
dose and elutriation on
the specific resistance of
anaerobically digested
sludge.
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Pasteurization drastically increased the total organic carbon
content from 150 mg C/l to 1080 mg C/l, a 620$ increase. This
resulted in a more than 5 fold increase of C.O.I), from approximately
525 mg 02/l to 2733 mg 0.J1. This is a disadvantage because the
sludge liquor is polluted to such an extent that it has to be re-
cycled to the waste water treatment plant.

Elutriation experiments were performed in order to ascertain
the derivation of organic compounds from the sludge flocks.
Elutriation was basically a washing process in which the sludge was
mixed with water and then allowed to settle until the initial
concentration of suspended solids was reached. As a result, colloi-
dal matter and fines were washed away and the improved dewatering
characteristics were reflected by a pronounced decrease of the
specific resistance as shown in Figure 6.

Ho decrease of the specific resistance was obtained at dilution
factors larger than 4. Therefore sludge, elutriated by a factor 4,
was prepared and the effect of irradiation on this elutriated sludge
was compared with the effect on non-elutriated sludge.

Elutriation partially reduced the specific resistance, as can
be observed in Figure 7. Gamma radiation, however, still had a
conditioning effect on the sludge as shown by the decreasing
specific resistance of elutriated sludge with increasing dose.
Apparently, conditioning compounds that were detached by irradiation
from sludge particles were not fully washable. A dose of 300 krad
reduced the specific resistance of non-elutriated sludge from 36
units down to 12 units, which is less than the 18 units of the
elutriated non-irradiated sludge.

These results suggest that irradiation and elutriation improved
the dewatering properties of sludge to above the same degree. Pre-
sumably both treatments improved the structure of the sludge mass to
a point where another factor begins to govern the dewatering
properties as reflected by the specific resistance to filtration.

CONCLUDING COMMENTS.

The dramatic effects of two megarad of gamma radiation on
physical-chemical properties of anaerobically digested sludge from
Zeist were demonstrated. Also, at much lower radiation doses (0 to
500 krads) it was shown that gamma radiation had conditioning
effects.

A dose of 300 krad, which is considered equivalent in disin-
fecting power to thermal pasteurization at 70°C for 30 minutes,
improved the dewatering properties of anaerobically digested sludge
as shown by thegreduction of the specific.resistance to filtration
from 33x10° sec /g to approximately 10x10 sec /g. The conditioning
effect was not much influenced by oxygenation as compared to nitro-
genation at a similar gasflow of 10 1 per minute.

Dewatering characteristics of raw sludge from Bennekom were not
altered by gamma radiation in the presence of oxygen, but a slight
conditioning effect was noticed when sludge was irradiated under
deaerated conditions.

Pasteurization drastically deteriorated the dewatering
properties of both types of sludges.

This experimental data clearly showed that gamma radiation
removed organic compounds from the sludge flocks, thus increasing
the total organic carbon (T.O.C.) concentration in the sludge liquor.
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The increase of this T.O.C. concentration subsequently increased the
chemical oxygen demand (C.O.D.) of the liquor. Pasteurization, how-
ever, increased the T.O.C. and C.O.D. values up to 3 times greater
than those of sludges irradiated with J00 krad.

Elutriation of anaerobically digested sludge with water reduced
but did not eliminate the conditioning effects of gamma irradiation.
The irradiation and elutriation treatments reduced the specific
resistance to filtration to approximately the same degree.
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;> Abstract

| INFLUENCE OF GAMMA-1RRADI ATI ON ON THE BEHAVIOUR OF SEWAGE SLUDGES

£: Since summer, 1975 the Institute of Water Quality Manage-
t

£; ment and Sanitary Engineering of the Technical University

;; Munich is performing tests on the alterations of the quali-

5 ty and the behaviour of sewage sludge caused by gamma-irra-

;? diation at the Geiselbullach treatment facilities. The

';,; tests are comprising studies of the thickening ability in

'(: laboratory scale thickeners (V = 30 1) and the determina-

i. tion of the specific resistance to filtration cf untreated,

t: pasteurised and irradiated sludges. The concentration of

;.„ the supernatent liquor is characterised by the measurement

• of BODc and COD. Test results of the ..dewaterability of the

!; different sludges in filter presses and the amount of coagu-

••-'' lants necessary for sludge conditioning are presented.
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v., 1 .

The increasing living standard as well as the improving

capacity of wastewater treatment plants result in increasing

quantities of sewage sludges. Research, to handle these

sludges in an economic way is performed since wastewafcer

treatment plants arc constructed. One result of this re-

search work is the understanding that not only a low effluent

(quality is to be achieved but also the feasibility of the

sludge handling process has to be taken into account.

In general sewage sludges are not stable, acid fermentation

rapidly starts, causing odors and smells. Furthermore

these sludges are contaminated with great amounts of germs

including pal.hogenics originating from men or animals.

These conditions are not favourable for direct disposal or

^ltilisation of sewage sludge. Stabilisation therefore is

the first step of sludge handling, mainly followed by methods

to reduce the volume. Xf utilisation in agriculture is the

chosen process of ultimate disposal methods to kill the

pathogenic germs are a necessary step before the distribution

on fields and grasslands is possible. To reduce the costs

of transportation p. reduction of sludge volume by gravity

thickening is a suitable and economic process. If the distri-

bution of liqtiid sludge is impossible othsr processes like

artificial dewatering are necessary. By these techniques

the sludge is transferred to a condition which allows de-

position on dumps, for landfill or storage for later utili-

sation in agriculture. All these methods are common processes

in sewage sludge treatment.

A frequently applied method to kill pathogenic germs in

sewage sludges is pasteurization. The sludge is heated to
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fe; a temperature of 7° °C and stored at this temperature for

J-v at least 3o minutes. Heat is transferred to the sludge by

means of lo>r pressvire vapour. The condensate of the vapour

as a disadventage dilutes the sludge and thus increases the

volume. Another recently developed process is irradiation.

At the Ge.i.sei.bulla.ch wastev.'afcor treatment plant the oqtiip-

raent for the irradiation cf sewage sludges with Garimp-rays

was installed in 1973 [i} • At this plant research v:or!: in-

• eludes the collection of experience by running an installation

fcr the irradiation of sewage sludge including the safety

aspect [2], bacteriological studies of which is already

reported on this session ("3J » the influence on soil and

plants in agriculture , which will be presented later on

in this session \k\ and investigations on the influence of

irradiation on parameters describing the treafeed sludges in

relation to untreated and pasteurized sewage sludges.

First results of investigations which are performed since

summer of 1975 concerning the influence of gamma irradiation

on the behaviour of sewage sludges are presented herewith.

2. Parameters to test the bohaviour of sewage sludfye

Besides the determination of the total solids concentration

and the total volatile solids the following parameters were

determined to describe the behaviour of the sludges investi-

gated:

1. sludge thickening test

2. the specific resistance to filtration

3. the quality of supernatant liquor and filtrates expressed

in terms of BCDg, COD and TSS.

2.1 Sludge thickeninfc test

The sludge thickening test is performed as a batch test in

laboratory thickeners of about 3o 1 volume. The safety glass

vessels of 3° cm i n diameter are filled to a height of 5o cm.

After filling the sludge level under the supernatant is

measured after fixed time differences. The total thickening

time differed between at least 2h hours, hS hours and 72

hours as the maximum. It is well known that this method is

only applicable for the investigation of thickening in dis-
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continuous processes for surface loading and the position

of tlio sludge level cannot be changed independently of

each other.

The diameter of the thickeners is of great importance for

the result of the thickening test. Dae to the great influence

cf skin friction with tests in narrow cylinders or funnels

a bad thickening ability is simulated. According to investi-

gations cf Monnich [ 5J with thickeners of different diameter

the influence of skin friction is negligible with, mere than

28 cm. The type of lab thickeners vised in our tests has been

applied and described by Stalmann [6] . Theugh the transfer-

ability of the results obtained in these small thickeners

for the design of full—scale tanks is not very- good they

still allow a comparison of different sludges or differently

treated sludges under equal conditions.

2.2 The quality '• f supernatant liquor

The thickening process creates supernatont liquors which

as?e contaminated in such a manner that the reintroduction

into the wasteirater treatment plant for further treatment

is necessary. The concentration of the sludge liquor thus

is a parameter to judge the technique of sludge handling

applied. '!'ho concentration of supernatant is expressed in

values of BID-, CCD and TSS. Later on the deterministic n of

TOC and ammonia is scheduled.

2.3 Specific resistance to filtrsticn

The theory of filtration developed by Carman was applied to

sewage sludges by Ccackley and Jones f7J as a measure cf

dewaterability of sewage sludges by filtration. Though it

was shown by several researchers \8 , 9J that there is a

relationship between this parameter and the perfonnance of

different types of filters as.wol1 rs cf devrtcring in

drying beds the design cf filccr plants only based en fcho

determination of specific resistance to filtration is not

the common method. Nevertheless it is agreed that this

parameter allows a good b^mparistn if •fc'ho devntorability

cf different sludges. 3-n figure 1 the equiximent for measuring

- Ill -



BUCHNER funnel

\-~- compressed air

calibrated burette

f\

container for filtrate
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the specific resistance to filtration is she wn. This in-

strument is a pressure ty~e m e , which soeus t: he nn re

o.nvenicnt if the artificial downtaring shall bn carr.i.<r! .. ufc

with pressure like in f iltarpresses. The sludge to be fil-

tered is given into a B'.chncr funnel c. nstructed to main-

tain the maximum applied pressure. The porous bottom is
c' mic.cte-.cl to the storage tank by a tJiJf-s.ci. I5of. rn tlm Glucifo

is p tired into the upper r. filter ;<fpor is p rood on oho

P-r-us bottom. Compressed air fr in ;• bottle 1-j ,,he s.urco

of pressure regulated by r pressure reducing valve, "lie

filtrate is collected in p calibrated burette, the volume

is determined at constant time intervnlls. Prtm the drto

obtained the value of the specific resistance to filtration

is calculated.

Tliis procedure is r> rather simple ?nd rapid ine and <-f gre; t

value if the f;ype and qurnuity of chemicals for enditi- nin^

purposes is 10 be determined. Checking the relrti nship «f

specific resistance to filtrr-.titn and fi.fcer capacity rf

a filterpress is cne <. £ the aims i. f cur reserrch program.

2,k Compressibility and slsgo ells i.rlbutj-n of fgrin

Under pressure sludge can be cimpressod to a certain extend.

Thus the compressibility is further parprreter to describe

the behaviour of sewage sludge. Accruing to Cnnnrin [ 1 cTJ the

compressibility of e sltidge may be calculated frrm differcm;

determinations cf specific resistance to filtration applying-

different pressure. If the compressibility is boloiv 0.75

dewatering in filterpresses is p. suitable process, with

higher values other metheds should be investigated. Com-

pressibility as well as specific resistance to filtration

can be improved by conditioning.

The size distributicn of grain is another very important

•parameter. A great percentage of small, grains leads to bad

filterability and probably to bad results by centrifugation.

As P standard methed [11 , 12| a set cf sieves with mesh sizo

of 1,o, 0.5, o.3» o.1, 0.063 and o.o32 mm is used. The

effluent of the last sieve is passed through a paper filter

u.co't mm. The dried solids on the different sieves allow

plotting a curve of the size distribution i>f grain of the

sludge investigated.
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li 2.,5 Investigations of the dewaterability by filtcrpress and
y- centrifuge

c(i The above described parnneters are gained by laborr-tory tests.

5 The transforability to installations for Uewatering is limitted.

V, We therefore intend to start 'investigations on the effect of

j'.~ irradiation on the dewatering of sewage sludge in filter-

['• presres and centrifuges. Of course irradiation will never

;• become a method of sludge conditioning and in general irrrdi-

* ated -̂r pasteurized sl>idge immediately is distributed on

ff fields or grasslands thus dewaterability in filterpresses or

;." centrifuges is net of common interest. It might however

occur that storage of sludge becomes necessary during some

time when direct landuse is impossible. In this case rediiction

of volume and the transfer of the liquid sludge to a con-

dition where stacking up is possible is an economic require-

ment. Under these conditions dewptering of irradiated sludge

is p technique worthwhile to be investigated.

The filterpress which is to our disposal hfis 5 plates with

3o cm laterrl length coated with a cloth of synthetics. As

conditioning aids ferric chloride and lime is used. The

equipment is sh-.wn in figure 2. After conditioning the

sludge is passed through a screen and pumped with a high

•pressure pump with a maximum pressure of 15 bar into the

fiUerpress. The filtrate is collected in a tank in order

to measure the quantity -f filtrate per unit of time and to

get an overall sample for analysis. When pressing is finished

the filterpress is opened and the dry cake removed. The

solids concentration of the cake, the pressing time applied

and the amount of chemicals for conditioning are indicating

the economics of the process.

Another common technique of dewatering sewage sludge is cen-

trifugation. While with a filterpress concentrations of the

cake • f 35 — 5o f> dry solids can be achieved the concentration

of dewatered sludge in a centrifuge is in general 2o - 3o $.

The conditioning of sludge is normally done with polyelectro-

lytes. The centrifuge which is to our disposal has s hydraulic

capacity of 3 m^/h. The separation cf sclids iccurs by sedi

mentation. Parameters to judge the economics are the ccnccn-
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'(,'; . trrticn cf tlie dewatered sludge and cf the centrifugatc,
i

|v the amount cf infr. ent selids captured in the dewatcred
\' sludge and the amount f polyelcctrolytes.

*3. Test results

Experiments were performed using untreated d gesfced sludge

from the Geisolbullach wrstewatpr tristmnnt plant and the

same sludge after I'fis ue.trisrti • n . r irrrdiatitn. The irrrdi-

p.ti .n tests described herewith were ina.de wiuh r nntal capacity

of 120 000 Curie. Application of 3oo krad at that time required

p total pumping time if 325 minutes.

,3.1 Comparison rf thickening of untreatodi pasteiirigcd and

irradiated sludge

These tests were performed in the described thickeners f

30 1 volume. Fig.3 shows mean values of tests performed. The smallest

volume cf thickened sludge was achieved with a dose of ,?oo

to 25o krad, this ecrrespends to a pump .ing time of 2.7o and

28o minutes, respectively. For the radiation source is nearly

constant the applied dose can inly be increased by lengthening

the pumping time. This might be the reason for the decrease

of thickening ability with the higher dose vf 3C° krad

corresponding tn a pumping time if 325 minutes. The result

of experiments of only pumping without irradiai;icn performed

during the time cf reconstruction vf the plant is shwwn in

figure 3? too, indicating however that there is no disadven-

tage caused by longer pumping.

In figure h the results of thickening as a function of tine

are presented. The same digested sludge was irradiated and

treated by pasteurisation* At the installation used fcr

pasteurisation the heat is transferred to the sludge by

vapour. In this graph the effect of dilution by the conden-

sate cf the vapour is clearly to be seen, in this test how-

ever much too far for the operation f the pasteurisation

plant was n^t in the optimum rraige. As a centre! uncreated

sludge was thickened, the result is shown in the third curve.

After 2'l hours the pasteurised sludge just reached the con-

centration <-f the < riginal sludge that means the volume
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of the thickened sludge cnly is loo <f>, the volaino of the

untreated sludge is in the range of 70 $ of the original

volume and the thickened irradiated sludge has a volume < f

only 45 °i. Looking for all tests made the untreated sludge

after Zk hours thickening time had a volume between 7° to 85 ,o

and the irradiated between *lo to 65 $.

3.2 Concentratirn of the supernatant liquor

The supernatent liquor of the thickened sludge both after

pasteurisation and irradiation has higher concentrations of

BOD- and COD than the supernatent of the untreated sludge.

As a mean of abou; 25 experiments the concentration increased

by irradiation af 300 krad from about 45o mg BvD^/l up to

about 850 nig/l and the COD from about 13oo mg/l of the un-

treated sludge to 2'too ing/l aftsr irradiation. During the

tests of pumping only without irradiation the B!_D_ concentrftion

increased from 5°o mg/l to 8ho mg/l1 at nearly the same amount

thus the increase probably is only caused by pumping. Reduction

of pumping time therefor is of interest in order to lower the

increase of supernatent concentration. Relatively higher is

the increase of redissolved orjjanics by pasteurisation. Though

the sludge ?nd the su;>ernatent is diluted the ccncentrp.tirn

of BCD- and CPD was even higher than after ii-radiaticn with

about 125o mg B'.B^/j. and 3100 mg CcD/l. For the quantity of

supernatent in our tests was even higher by pasteurisation

the load to the wastewater treatment plant is increased both

by a higher dissolving rate and higher quantity.

3.3 Specific resistance to filtration of differently treated

sludge

Figure 5 represents the change in specific resistance to fil-

tration as a function of irradiation dose or pumping time.

With increasing dose the value of specific resistance is de-
•1 O O

creasing-, in this test from about 4oo x 1o cm""' to about
1 o _p

22o x 1o cm at a dose of 300 krad or 325 minutes of
pumping titie. The maximum decrease occurs at a dose up to

2oo krad. The test with pumping only without irradiation

showed hovever a slight increase of specific resistance to
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filtration, which is in contrast to the effect of pumping

on thickening. I'ith pasteurisation no improvement of specific

resistance to filtration was observed.

As preliminary test to find out the quantities of chemicals

necessary fcr sludge conditioning the specific resistance

to filtroti-.n was measured of untreated p.nd. irrrdiated sludges

with different amounts of ferric chloride and lime both mixed

to the sludge as solution. Tfr.o r; '--ntiries c-f ferric chl<ride

were varried between 1 kg/m sludge to 7 kg/m , the dosage

of lime was about threefold. For the untreated digested

sludge a quantity of 6 kg/m ferric chloride and 18 kg/m'' of

lime was necessary to decrease ihe specific resistance to

filtration frr.m 'loo x 1o cm to h x 1o cm , while

only 5 kg/n ferric chloride and 15 kg/m lime lowered the
1 p —?

specific resistance to filtration from 15O x 1o cm to
12 —2

1,5 x 1° c m » when in-adiated .;ludGO v.'as ccnditicncd.
This indicates chat smaller quantities of conditioning

agents are necessary fcr irradxaied sludge, These tests,

however, are not finished and shall still be confirmed by

dewatering tests with the filterpress.

k, Onoly-sion

1. By irrpdictita the tha clcening ability of sewage sludges

is improved ccnsiderably. By jiastcurisaticn the sludge

is diluted by vapour, the quantity of less thickened

sludge is more than after irradiation.

2. By irradiation as well as by pasteurisation the concen-

tration of the supernatent liquor measured in BOD- and

COB is increased,by the tests performed with a factor of

about 2 by irradiation and a factor of about 3 by pasteu-

risation.

3. By irradiation the dev.aterability of sludge expressed

by the specific resistance to filtration is improved.

h. Future investigations shall include tests of dewatering

the differently treated and conditi&ned sludges by in-

sfcallati i.ns like filterpress anil centrifuge.
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Abstract

EFFECTS OF GAMMA-RAD I ATI ON ON THE DEGRADATION OF SUBSTITUTED AROMATICS
AND OF INDUSTRIAL WASTE WATER

The radiation induced degradation of non-biodegradable

organic compounds is demonstrated on chlorophenoles and 4—

chlorocresole. The oxidation in aqueous solution (c = 1O~*

mole/l) with air at doses up to one lirad results in a

complete dechlorination. The organic chlorine is converted

to chloride. The influence of inorganic salts (c = 10

mole/1) on the irradiation of 2,4-,6-tri chl orophenol e was

investigated. The following organic compounds have been

identified in the case of 4-chlorocresole as oxidation

products: oxalic acid, formic acid, acetic acid, mesoxalic

acid, glyoxal, mesoxalic acid semialdehyde.

In addition to this, two types of industrial waste water

were irradiated, one containing 2,4-dichlorophenole and 4-

chlorocresole and another anthrachinonic dye.

The results of these investigations may be summarized as

follows. To oxidize 200 ppm of organic compounds with a TOO

and COD reduction of 50 - 70 % 1 Mrad is needed. To eliminate

20 mg COB/1/0,2 Mrad on an average 20 mg oxygen have been

consumed.
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1. INTRODUCTION

The desinfection of sewage sludge by y-irradiation has been

successful up to now. Another field of application could lie

in the treatment of industrial waste water containing toxic

and nonbiodegradable pollutants. This would be more probable

if high-level radiation becomes cheaper by using radioactive

waste*

On the irradiation of toxic pollutants which are mostly

substituted aromatics a lot has been published. Host authors,

however, describe only the effect of oxidative degradation.

Almost nothing is known about oxidation products and their

effect on biological systems.

In fifteen papers (1-15) on irradiation of organic pollutants

in aqueous solution only two authors have investigated the

biodegradability of the oxidation products (9,20). In most

papers only the change in COD- and TOC-values have been

reported. Almost nothing is known about the effect of

irradiation on toxic pollutants in complex systems such as

sewage sludge and industrial waste waters. With this paper

we make a first attempt at tackling these problems.

2. EXPERIMENTAL

Solution were made with doubled destilled water. The

concentration of the model compounds were 1 mmole/l.

Irradiations were performed by Co -Gammacell 200 (Atomic

Energy of Canada Ltd.). The dose rate was 0,125 Mrad/h and

determined by Fricke dosimeter. During the irradiation air

was bubbling through the solutions.

The phenolic functions were measured using the 4-aminoanti-

pyrine method (16).
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Chlorophenoles and 4-chloro-o-eresole were measured by gas-

chromatography (Varian 1860, FID, glasscolumn with. 3 % 0V

22^, chromosorb W at 125 °0). Carboxylic acids were detected

gasclr-oraatically using a method of Bethge and Lindstrbm (17)«

Chloride and oxygen were determined by ionspecific.

electrodes.

Thinlayer chx'omatography of dinitrophenylhydrazones was

performed on silicagel (Merck Darmstadt) with several solvent

systems: 1. benzene, methanol, acetic acid 45/8/4

2. benzene, methanol, chloroform, acetone 60/30/10/10

3. benzene, dioxane acetic acid 90/25/4

3. RESULTS AND DISCUSSION

I Irradiation of chlorophenoles and 4-chloro-o-cresole

The irradiation of mono-, 2,4-di-, 2.,4,6-tri-, 2,3,4,5-tetra-

and pentachlorophenole in aqueous solution in presence of

oxygen was investigated. The G-value for the decreasing of

monochlorophenole was 2,4 and went up for the further chloro-

phenoles to 4,8 with increasing number of chlorine substi-

tuents (Tab. 1). In all cases a dechlorination was observed.

The organic chlorine was almost completely converted to in-

organic chloride with G-values between 1,4 for monochloro-

phenole and 9?9 is. the case of pentachloropher.ole (Tab. 1).

The COD- and TOC-values were reduced by an average of 70

respectively 40 %. We found, that parallel to the dis-

appearence of chlorophenoles the phenolic functions and the

typical UV absorbence for aromatic compounds decrease.

That means the aromatic system is destroyed. By thinlayer

chromatography oxidation products containing carbonyle

and / or carboxylic functions v/ere detected.
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One or these - oxalic acid - wu have, investigated quantita-

tively. In the case of monochlorophenole 30 % of the measured

TOO of the irradiated solution (dose 1,5 Mrad) consisted of

oxalic acid. The yield increases with higher chlorine content

of the phenoles and reaches 90 % in the case of pentachloro-

phenole (Tab. 1).

As further model compound 4--chloro-o-cresole was investigated.

The G-value for cresole disappearence was 2,5- The organic

chlorine is converted after a dose of 1,5 Mrad to 85 % to

chloride (G _ = 2,6). The oxidationproducts with keto- and/or

aldehyde functions were isolated as 2,4-dinitrophenylhydra-

zones from the solutions irradiated by different doses. The

thinlayer chroznatography of these mixture shows that at

least 8 comp6un<?.s have been formed (Fig 1). Three of them

could be identified by comparing the R_-values with R^-values

of authentic compounds namely glyoxal, mesoxalic acid semi-

aldehyde and mesoxalic acid (Fig 1).

glyoxo

m
5S

0

-DNPH — • •

•soxatic acid
fiualdchydt- ;
YPH

c=>

mesoxalic acid-
ONPH

t t t
dos« 0,25 0.5 1 Mrod

Fig 1 Irradiation of 4-chloro-o-cresole, thinlayer

chromatography of oxidationsproducts isolated

as 2,4-dinitrophenylhydrazones (silica gel,

solvent system 2)



Besides the carbonyl compounds we could also identify and

investigate quantitatively acetic acid, formic acid and

oxalic acid. Fig 2 shows the product distribution versus dose

in Mrad. Acetic acid and oxalic acid are increasing steadily,

formic acid is decreasing after reaching a maximum. After a

dose of 0,8 Mrad the rate of .forming formic acid reaches zero

or becomes less than the rate of oxidation.

100

80

60

40

20

arbon

1.5

dose [Mradl

Fig 2 Irradiation of 4 chloro-o-cresole, the ordinate
gives the carbon content of the compounds
related to the measured TOC of the solution
irradiated in percent.

The carbon content of the sum of all carbonyl compounds

reaches 35 % of the TOC after 90 % distroying of cresole

and remains constant up to 1,5 Mrad. This means that these

carbonyl compounds respond only slowly to radiolytic

oxidation.

She upper curve (Fig 2) shows the carbon value calculated

from the separate determination of all products. Up to 90 %

destruction of cresole only 60 % of the measured TOC could
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be balanced by the identified oxidation products. Obviously

the attack of the primary water radicals involve intermediates

containing more than 3 carbon atoms.

They cannot be carbonyl compounds but hydrochinonic or

chinouic ones for example (18). Thsse unknown intermediates

are then further oxidated to the shown compounds as after a

dose of 1,5 Mrad the measured and calculated TOO are in good

agreement (Pig 2). It is worthwhile to identify these inter-

mediates which could be more toxic than the initial product.

II Influence of inorganic salts on the irradiation of

2,4-,6-trichlorophenole

2,4,6-trichlorophenole (c=0,9 10~* mole/1) in presence of

potassium nitrate, sodium hydroxide, sodium chloride and

potassium sulfate(c = 10 mole/l).The G-values for chloro-

phenole degradation differ widely as these inorganic ions

act partly as radical scavenger (Fig 3).

-e,2,4,6 tricNorphenole

u
*>.» •

2,2
3,<>
i.O

0
®
•
•o
<t>

m presence of

KHO,

MaOH

VaCI

AfaCl

—

e.tO-'fmott/lJ
c-X>~' •
C* K~' •

cfO'' •
—

0.4 0.6 0.8

dose [Mrad] -

1.0

_ _ _ * „

Pig 5 Irradiation of 2,4-,6-trichlorophenole in
presence of inorganic salts
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I,

This shows that the presence of inorganic salts in waste

water requires in some cases a higher dose to destroy the

inorganic pollutants. We believe that in the case of sewage

sludge low concentrations (c 10" mole/l) of organic

pollutants are not attacked by a dose below 1 Mrad.

Ill Irradiation of industrial waste waters

Following these model tests we also investigated the

irradiation of an industrial waste water containing among

other components 2,4-dichlorophenole and 4-chloro-o-cresole

which were 90 % of all organic compounds. After treatment

with a dose of 6 Mrad the initial compounds and also the

phenolic function have been destroyed (Pig 4-),

dose [Mrad]

Fig 4 Irradiabion of an industrial waste water

containing 2,4-dichlorophenole (c = 3,3 mmole/l)

and 4-chloro-o-cresole (c => 3»7 mmole/l)

The organic chlorine is converted into inorganic chloride

to 100 %.

We have interrupted the irradiation after a dose of 4,5 Mrad
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where 90 % of the initial compounds are destructed. The

results are listed in Tab. 2. TOO is unchanged. COD is

reduced by half. Prom the relation between BOD and COD one

can deduct that the oxidation products are only some what

better biodegradable. One possibility to explain this effect

is the presence of unknown intermediates as shown in the case

of 4—chloro-o-cresole which are perhaps toxic or nonbiodegra-

dable. Therefore it is not always convenient to stop the

irradiation after 90 % destruction of the initial compounds.

We have to find out wether the primary intermediates are

harmful or not. This has to be investigated specifically on

each waste water.

Another group of organic pollutant are anthrachinones.

Waste water containing anthrachinonic dye was irradiated.

After treatment with 2,5 Mrad the TOC decreases by 50 %

(50 - 24 mg C/l) and the COD by 68 % (180 - 58 mg Og/l).

Also decolorization was achieved. The irradiated solution

had no toxic effect on fish.

The important role of oxygen is demonstrated on Fig 5« In

the absence of oxygen no decolorization takes place, on the

contrary the color of the solution even deepens slightly.

With oxygen bubbling as compared to air bubbling no decisive

improvement was obtained.

Under our conditions (concentration up to 200 ppm and dose

rate 0,125 rad/h) the oxygen consumption could be balanced

by air bubbling. At higher dose rates however the oxygen

consumption become that high that bubbling is no longer

effective to bring enough oxygen into the irradiated

solution. We found that with an oxygen concentration below
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irradiation of anthrachinonic dye (extinction at X=A80nm)

1.5 2
dose [Mrad)

Fig 5 Irradiation of waste wate? containing anthra-

chinonic dye. Decreasing of the extinction

(\ = 480 nm) versus dose.

1 mg/l in most cases the solutions turned turbid by irra-

diation, because of forming polymers or in water insoluble

compounds. We did not investigate the quality of these

compounds.

Upon the irradiation of 10 substituted aromatics we found

that with a dose of 1 Mrad generally a maximum of 200 ppm

pollutants are oxidized. The aromatic system is destroyed,

the heterogroups are splitted and converted into their

mineralized form.

0,2 Mrad are neccessary to decrease the COD by 20 mg Op/1

on an average. With this 20 mg Og/l is used (Tab. 3).

Obviouslyit is only practical to use this treatment to

destroy toxic compounds in diluted waste liquors. The total

cost to irradiate 1 m 5 with 1 Mrad (Co60) is about 10 DM (19)-

Up to now compared to conventional treatments this appears

too expensive.
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TABLE 1 ,-3,irradiation of chlorophenoles (c = 10 mole/l = 130 - 270ppm)

(dose 1,5 Mrad )

G-phenole
COD mgO2/l

doseO 1,5[Mrad]
TOC mg C/l

dose 0 1,5[Mrad]
yield of oxolic acid

TOC [mgC/l]
yield of chloride

[mmole/l]
OH

232 82 75 55 18 0,95 (95%)

GC|.1.4
CH

Cl

235 67 69 40 19 3,0 (100%)
Gc,.6,1

OH

c.i

180 72 35 27 3,9 (98%)
GC|.6.7

OH

ei

160 35 70 35 33
GC|.9,9



irradiation of waste water

4-chloro-o-cresole c = 3,7 mmole/l
2,4-dichlorophenole c = 3,3 mmole/l, dose=4,5 Mrad

TABLE 2

dose 0 Mrad

dose AjSMrad

TOC
mgC/l

530

530

COD
mg 02/l

1600

700

B0D5

mg 02/l

355

243

BODc/COD

0,22

O,3fc



TABLE 3

4-chlorophenole
2, A - dichlorophenole
2,4,6-trichlorophenole

tetrachlorophenole
i pentachlorophenole
• 2-nitro-p-cresole

4 - chloro - o - cresole
3 - aminobenzenesulf onic

acid
o-dichlorobenzene
2-nitro -p-cresole

concentration
mmole/l ppm

1 130
1 163
1 180

•1 236
1 270
1 153
1 143

0,8 141

0,55 81
1 153

reduction of COD
0,2 Mrad

20
18
22
18
19
22
30

12

14
22

O2-consumption
0,2 Mrad

21
22
19
23

19
20

20
19



THE TECHNOLOGY AND ECONOMICS OF TREATING WASTE WATER WITH
ELECTRON B.EAM RADIATION

M.R. CLELAND
Radiation Dynamics, Inc.
Westbury, N.Y. 11590

Abstract

THE TECHNOLOGY AND ECONOMICS OF TREATING WASTE WATER WITH ELECTRON BEAM
RADIATION

The use of ionizing radiation from electron beam

accelerators is considered in this paper for the disinfection

of waste water. Combinations of radiation with oxygen, chlorine,

heat and retention media are discussed as possible methods to

reduce the dosage requirements and the treatment costs. The

production of ozone by the irradiation of oxygen is also

evaluated as an alternative method of using this form of energy.

The capital and operating costs for large electron beam

facilities are analyzed to show the favorable trends with

rising power levels. Cost comparisons between "conventional"

disinfection processes and two radiation processes are presented

and discussed. The results of these cost analyses support the

premise that electron beam radiation should be evaluated as a

likely competitor to ozonation or carbon filtration for large

sewage treatment plants.
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1.0 INTRODJCTION

It is well known that ionizing radiation can produce several

beneficial effects in sewage, such as disinfection, decomposition

and oxidation of organic material and improvement in settling

and filtration rates (1). In years past, the treatment of municipal

waste-water with radiation was not feasible because of the high

processing costs and low thruput capacities of the available

radiation sources, sludge treatment with radiation appeared to be

more attractive because of the relatively high cost of sludge disposal

by conventional means, its potential value as a fertilizer and its

low volume compared to the total sewage flow (2,3) . Following the

completion of favorable studies, several pilot plants for sludge

disinfection with gamma rays and high energy electron beams have

been built or are now in the planning stage (4,5,6).

The recent development of high-power electron accelerators

for industrial processing makes it appropriate now to reconsider

the use of ionizing radiation in the disinfection of municipal waste

water. Material thruput rates have risen and, consequently,

radiation processing costs have declined (7). At least one

investigation of water treatment with an electron beam is already

underway (8). Although present power outputs and processing costs

are still marginal for waste water, the situation will improve

in the near future as even larger generators become available (9).

Several different aspects of water treatment are discussed

in the following sections of this paper. The emphasis is on

combinations of radiation with other chemical and physical agents

which can reduce the dosage requirement and, therefore, the power

demand and the processing cost. The story presented here shows

that ionizing radiation can and should be considered for the

disinfection and tertiary treatment of municipal waste water.
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2.0 DISINFECTION WITH RADIATION AND OXYGEN

The secondary effluent from an activated sludge treatment

plant may have a fecal coliform count ranging from 10 6 to more

than 10? live organisms per 100 ml. The acceptable contamination

level for discharge into lakes and rivers in the USA is 200 fecal

coliforms per 100 ml. Therefore, any disinfection process must

achieve a reduction factor of about 10~5 (10).

Coliform bacteria are very sensitive to ionizing radiation

and this degree of disinfection can be obtained in secondary

effluent with a relatively low dosage in the range of 100 to 200

kilorads. The presence of dissolved oxygen during irradiation

is beneficial and can reduce the dosage requirement to about

50 kilorads (11,12). High-pressure oxygen is even more beneficial

but reduces the beam utilization efficiency with low energy

electrons because of power losses in the containment vessel (5).

The addition of ozone to the oxygen does not produce any further

improvement because of the short lifetime of ozone in the radiation

field (13).

The power requirement for an electron beam disinfection process

can be obtained using the relationship that one kilowatt-hour of

absorbed energy is equivalent to 360 megarad-kilograms (794 megarad-

pounds) of material thruput. In practice only about 75% of the

beam power can be absorbed so that the thruput is actually about

270 Mrad-kg/kW-hr (600 Mrad-lbs/kw-hr). This is based on the

average value of radiation dose within the product. If the minimum

dose at the surface of the product is the critical value, then the

beam utilization efficiency must be further reduced to 60% for 4 MeV

electrons and 55% at 2 MeV (14). Because of the mixing which will

take place in water treatment, it is sufficient to specify the

average dose and, therefore, a beam efficiency of 75% is a reasonable

expectation.
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At an average dosage of 50 kilorads, the beam power require-
ments for water thruput rates of 1, 10 and 100 million gallons
per day (MGD) are 29, 290 and 2900 kilowatts, respectively. The
lowest of these requirements can easily be satisfied with one
accelerator rated at 1.5 MV-25 mA-37.5 kW which is a common size.
The 290 kw demand can be satisfied with two accelerators rated at
either 1.5 MV-100 mA-150 kW or 3.0 MV-50 mA-150 kW. These ratings
are also available now. The 2900 kw requirement poses a challenge
for the future (9). It could be supplied using 20 of the 150 kW
units but a more practicable and economical approach would be to
use a smaller number of larger units. The prospects and probable
costs for such large units will be discussed in Sections 8.0 and
9.0.

3.0 OZONE PRODUCTION BY ELECTRON BEAMS

It is also well known that ionizing radiation can produce
ozone in air and in oxygen. The ozone so produced can then be
used for the disinfection of waste water. Although this is an
indirect process, it can still be considered as a possible means of
treating water with radiation. It will now be shown that this can
be an attractive alternative to the direct irradiation method.

The production of ozone by gamma radiation has been extensively
studied at Brookhaven National Laboratory (15,16). under favorable
conditions a 6 value of 10 has been obtained. This means the
production of 10 ozone molecules for every 100 electron volts of
energy dissipated and corresponds to an ozone yield of 0.4 lbs/kw-hr
of absorbed beam energy. This yield is somewhat higher than that
obtainable from the conventional electric discharge process. It will
be assumed here, although it has not yet been demonstrated, that the
ozone yield will be the same with electron beam radiation.
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For waste-water disinfection the ozone dosage should be

in the range of 5 to 15 parts per million by weight, depending on

the chemical ozone demand of the water (17). A typical value

would be about 8 ppm (10). For water thruput rates of 1, 10 and

100 MGD the ozone demands would then be 67, 670 and 6700 lbs/day,

respectively.

Assuming a 75% beam utilization efficiency, the electron

beam powers needed would be 9.3, 93 and 930 kilowatts, respectively.

The lowest of these is almost too small to justify the use of an

electron accelerator. The 93 kw demand can be supplied by a

1.0 MV-100 mA-100 kw accelerator which is now available. The

930 kw requirement could best be met by developing larger units

rated at 250 to 500 kw of beam power. If the average G value for

ozone production by high-power beams turns out to be less than

10, then these power estimates will have to be increased accordingly.

The direct irradiation method discussed in Section 2.0 would

require more electron beam power by a factor of 3 than the indirect

ozone method. This implies that there are competitive reactions

in the irradiated water which do not contribute to killing micro-

organisms.

An analogous result has been reported for the destruction of

soluble organic compounds in water (18) „ This has been interpreted

as a 2 to 3 fold advantage of the indirect ozone method over

the direct irradiation method for the oxidation of organic compounds

in waste water (19).

In spite of the unfavorable comparison between radiation and

ozonation presented above, there are some other considerations

in favor of the direct irradiation process. High-energy electrons

may be more effective than ozone in disinfecting water which contains

- 139 -



suspended solid particles of waste material. Electron radiation

can penetrate such particles whereas ozone (or any other chemical

agent) may not.

Other intriguing possibilities are the combinations of radiation

with chlorine or heat and the use of filter media to concentrate

and hold the contaminants within the radiation field. These topics

are discussed in the following sections.

4.0 DISINFECTION WITH RADIATION AND CHLORINE

The beneficial effect of adding chlorine to the waste water

before irradiation was reported some years ago (20). This effect

has recently been reexamined in detail,and some striking results

were obtained when large doses of chlorine were used (11,13). For

example, with 20 mg/1 (ppm) of chlorine in buffered distilled water,

the fecal coliform count dropped by a factor of 10~6 with only

5 kilorads of radiation dosage.

In secondary effluent the effect of chlorine was not as

dramatic but a reduction factor of 10 was obtained with about

40 kilorads when the chlorine dosage was 10 mg/1 in excess of the

chlorine demand (breakpoint) of the waste water.

An examination of the free chlorine residual in secondary

effluent after the radiation exposure showed that the chlorine

concentration dropped from 10 mg/1 to a few tenths of a mg/1 after

only 5 kilorads dosage,, Another experiment showed that sequential

chlorination was even more beneficial. A four-step process involving

(1) chlorination to 10 mg/1 in excess of demand, (2) irradiation

to 5 krad, (3) chlorination again to 10 mg/1 excess, (4) irradiation

again to 5 krad, resulted in a reduction of the fecal coliform

count by a factor of 10~8 with a total dose of only 10 krad (13).

This process could reduce the power requirements to one fifth of

the figures given in Section 2.0.



The relatively large amounts of chlorine required by this

treatment method may be objectionable from an environmental

viewpoint. Although little free chlorine remains after the

radiation exposure, the chlorine atoms have presumably reacted

with the organ'~ compounds in the waste water and may have formed

toxic byproductw. If this residual effect is not prohibitive,

the cost trade-off between additional chlorine and less radiation

may be attractive.

5.0 POSE REDUCTION BY FILTRATION

The treatment of waste water by direct irradiation is

relatively expensive because of the large volumes of material to

be processed and the low concentrations of the biological and

chemical pollutants. It is unnecessary and inefficient to give

the same dosage to the water as to the contaminants. It should

be possible to increase the effectiveness of the radiation and

reduce the power requirements by concentrating the suspended

and dissolved material in a filter medium which is placed within

the radiation field.

Experiments have shown that the retention medium acts mainly

as a filter to hold the suspended material within the radiation

field. The energy absorbed by the filter material itself apparently

does not contribute to the degradation of the contaminants (21).

A pilot plant using 2700 Ci of Co-60 and 600 pounds of

activated carbon has been built and evaluated (22). It was

designed to operate at 5000 gal/day with an organic load of

100 mg/1. When operating at 1000 gal/day the average dosage to the

water was about 75 krad. At this flow rate the organic content

of the waste water was reduced from about 500 mg/1 to 25 to 50 mg/1.

Dosage to the contaminants retained in the filter was estimated

to be 1 to 2 Mrads. Reduction factors for coliform bacteria

ranged from 10"1 to 10~3. The dissolved oxygen content
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of the influent water was maintained at about 10 mg/1
by aeration in a closed chamber at 2 to 3 atm pressure
using mechanical agitation.

During a year's operation, no loss of carbon occurred. If
the organic load exceeded 300 mg/1 at 5000 gal/day, the filter
would clog up. However, it would clear itself if the flow rate
and organic load were reduced and the radiation and aeration were
maintained. It was not necessary to replace the original carbon
filter material.

This device seems to be effective in oxidizing the organic
matter in the water but not sufficient to satisfy the coliform
limit of 200 organisms/100 ml. if the average dose to the bacteria
were, in fact, more than a megarad, the residual bacterial counts
should have been much lower. This anomaly may have been due to
the coaxial geometry of the irradiation chamber. In that config-
uration the dosage rate at the outer wall was much less than the
average value.

The effectiveness of this method for disinfection could
probably be increased by using a more uniform radiation field and
by insuring that all of the water must pass through the filter
medium. If this principle could be adapted to utilize electron
beam radiation (in spite of its low penetrating power), the cost
of radiation disinfection could be reduced substantially.

6.0 DISINFECTION WITH RADIATION AND HEAT

The effectiveness of ionizing radiation for inactivating
microorganisms is enhanced by irradiating at elevated temperatures
(23). The advantage is evident with virus particles as well as
bacteria and parasites. Settling rates are also improved.
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A typical result with coliform bacteria in sludge is a
reduction factor of 10~5 with a gamma dose of 60 krad applied
in 12 minutes at 57°C, without aeration. The same dose applied
at 23°C produces a reduction of only 10" . The radiation dosage
to achieve a given level of disinfection is reduced by a factor of
2 to 3 at the higher temperatures. The enhancement effect with
heat is somewhat stronger in dilute solutions than in sludge
and is also improved by aeration (24). Therefore, this can be
considered as a possible treatment method for waste water as well
as sludge.

The thermal energy requirement for waste water treatment
would be substantial compared to the energy consumed by the
radiation process alone. For example, the thermal energy equivalent
of one megarad of radiation dosage is only 2.4 calories per gram.
To find the fossil fuel energy required to produce this much electron
beam energy, the above figure should be doubled to account for losses
in the electron beam system and then this result should be tripled
to account for the losses in the electric power plant. so the total
fuel consumption in the radiation process is about 14 Cal/g per
megarad. For a dosage of 100 kilorads the total energy consumption
would only be 1.4 Cal/g.

On the other hand the thermal energy required to raise the
temperature of the water by 40°C is 40 Cal/g. This is almost 30
times more energy than used in the radiation treatment. This,
of course, is not the only criterion for judging the "thermoradiation"
process. The total capital cost will be reduced by lowering the
power rating of the radiation generator. In certain circumstances
it might be possible to use the waste heat from an electric power
plant, or burn garbage or the methane produced in the sewage
digesters to heat the waste water.
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7.0 PRESENT ELECTRON BEAM CAPABILITIES

The foregoing discussions have indicated the dosage levels

and beam power requirements which will be required for waste

water treatment. The 50 krad figure given in Section 2.0 is

probably an upper limit and half of this may be sufficient if

one of the combination processes described above is utilized.

This still means that beam power demands in excess of a megawatt

could be needed for large municipal installations. This require-

ment has to be compared to the present capabilities of commercial

electron beam generators.

The most powerful radiation sources now in existence are

dc electron accelerators operating in the 1 to 3 MeV energy range.

Several machines have been built in the 50 *-o 100 kilowatt power

range and a recent unit has achieved 150 kW of beam power. This

is a 3.0 MV-50 mA Dynamitron accelerator used for crosslinking

polymeric materials.

The high voltage section of this machine is shown in Pig. 1.

This unit is equipped with 60 solid-state rectifier modules, each

generating a dc voltage of 50 kv. The outputs of all of these

rectifier stages add together to produce 3.0 MV at the high voltage

terminal. The electron gun and beam acceleration tube are mounted

coaxially within the rectifier column.

The electron beam scanning system is shown in Fig. 2. Scanning

frequencies of 100 to 200 Hz are typical. The beam exit window

consists of a thin foil of a high-performance titanium alloy, it

must have a length of at least 90 cm for 50 mA and ISO cm for

100 mA of beam in order to avoid overheating.

An industrial-type control console is shown in Fig. 3. Only

the start and stop buttons and the interlock clearing switch are

provided for the operator. The adjustable controls for high voltage,



Pig. 1 The High Voltage Assembly of a
3o0 MV-50 mA-150 kW Dynamitron Accelerator
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Fig. 2 An Electron Beam Scanning System

- 146 -



- 133 -

Pig. 3 A Simplified Industrial Control
Unit for a Dynamitron Accelerator
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beam current and scan width are locked up inside the cabinet.
The most important running parameters are automatically regulated
and are displayed on digital meters.

Machines like this are now used routinely for material
processing in industrial environments. They run with a minimum
of attention and their reliability record is greater than 95%.
Several firms offer similar equipment for sale and the market
for these devices is now well-established and growing. They
have evolved out of the era of physics research and are now
practical, production tools.

8.0 PROSPECTS FOR MORE POWERFUL MACHINES

The technical possibilities for developing larger Dynamitron
accelerators have been discussed in some detail elsewhere (9).
It seems reasonable to project an extension of the present 100 mA-
1.0 MeV-100 kW design to higher energies, first to 2.5 MeV and
later to 5.0 MeV. This would provide electron beam power ratings
of 250 and 500 kW, respectively.

Another approach to higher power levels would be the use
of multiple acceleration tubes connected to a common high-voltage,
high-current generator. Two possibilities for reaching a 1000 kW
rating would be a 5.,0 MeV generator with two 100 mA beam tubes
and a 2.5 MeV system with four 100 mA tubes. Such an arrangement
is shown in Fig. 4. Here the beam tubes are located in separate
enclosures and the high voltage power is connected by an SF-6 gas
insulated, transmission line.

Some practical advantages of this multiple-tube design are
that standard 100 mA components could be used :.n the beam accel-
eration sections, that the radiation intensity would be held to
reasonable levels within each beam and that multiple streams of
material could be processed at the same time. This would be
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useful for low-dose, high-thruput applications.

The main objective in developing larger and more powerful
machines is to reduce the number of units needed in a waste-
treatment plant and thereby to achieve a reduction in the processing
cost per gallon of water. The economies which might be realized
in this way are analyzed in the next section.

9.0 ECONOMICS OF ELECTRON BEAM PROCESSING

The cost analyses presented in Tables I and II have been
prepared to show the capital costs and unit processing costs
which are characteristic of today's electron beam technology when
applied to continuous operations with high material thruput rates.
An attempt has been made to include all costs which might be
charged to the operation of a radiation processing system so as
to get a realistic figure for the cost per pound or per kilogram
of product material for a radiation dose of 1.0 megarad averaged
throughout the material.

The capital cost estimates for material handling equipment
and for facility engineering and construction will vary from one
site to another depending on the radiation process and on local
design and construction practices. Similarly, the annual costs
will depend on the depreciation schedule and on interest, labor
and electricity rates which will vary with time and place. The
figures shown are typical of high-power accelerator installations
at this time in the United states.

The cost estimates presented in Table I are for three
Dynamitron models rated at 0.5, 1.0 and 1.5 MeV, all delivering
the same beam current, 100 mA. The estimates in Table II are
for three larger Dynamitrons rated at 25, 50 and 100 mA, all
operating at the same voltage, 3.0 MV. The total capital costs

-150 -



TABLE I

PROCESSING COST ANALYSES
INCREASING VOLTAGE-CONSTANT CURRENT

PERFORMANCE RATINGS

Voltage-Beam Current 0.5
Line Power-Beam Power 100

Beam Power utilization

Thruput Mrad-lbs/hr

Mrad-kg/hr

CAPITAL COSTS (in thousands)

Accelerator

Access. & Instal. Sup.

Mat. Handling Equip.

Contingencies (10%)

Equipment Totals

Facility Eng. & Const.

Capital Cost Totals

ANNUAL COSTS (8000 hrs)

Equip. Deprec. (12 yrs)

Facility Deprec. (25 yrs)

Interest (8%)

Maintenance

Oper. Labor & Ovhd. ($10/hr)

Elec. Power (3C/kW-hr)

Contingencies (5%)

Annual Cost Totals

PROCESSING COST RATES ($)

Per Day (365 Days)

Per Hour (8000 Hrs)

Per Mrad-lb Product

Per Mrad-kg Product

MV-100 mA
kW-50 kW

.62

25,000

11,000

300

75

75

45

495

100

595

41

4

48
28

80

24

23
248

680.00

31.00

.0.00124

0.0028

1.0 MV-100 mA
200 kW-100 kW

.71

56,000

25,500

525

100

100

73

798
150

948

67

6

76
36
80

48

31
344

.944.00

43.00

0.00077

0.0017

1.5 MV-100 mA

300 kW-150 kW

.73

87,000

39,500

675

125

125

93_

1018

200

1218

85

8

97

44

80

72

39

425

1164.00

53.10

0.00051

0.0013
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TABLE II

PROCESSING COST ANALYSES
CONSTANT VOLTAGE-INCREASING CURRENT

PERFORMANCE RATINGS

Voltage-Beam Current

Line Power-Beam Power

Beam Power Utilization

Thruput Mrad-lbs/hr

Mrad-kg/hr

CAPITAL COSTS (in thousands)

Accelerator

Access. & Install. Sup.

Mat. Handling Equip.

Contingencies (10%)

Equip. Totals

Facility Eng. & Const.

Capital Cost Totals

ANNUAL COSTS (8000 hrs.)

Equip. Deprec. (12 yrs.)

Facility Deprec. (25 yrs.)

Interest (8%)

Maintenance

Oper. Labor & Ovhd. ($10/hr)

Elec. Power (3C/kw-hr)

Contingencies (5%)

Annual Cost Totals

PROCESSING'COST RATES ($)

Per Day (365 days)

Per Hour (8000 hrs)

Per Mrad-lb Product

Per Mrad-kg Product

3.0 MV-25 mA

150 KW-75 kW

0.75

45,000

20,000

650

100

100

85

• 935

250

1185

78

10

95

40

80

36

34

373

1025.00

46.60

0.00104

0,0023

3.0 MV-50 mA 3.0 MV-100 mA

300 kW-150 kW 600 kW-300 kW

0.75 0.75

90,000 180,000

40,000 80,000

750
125

125

100

1100

300

1400

92

12

112

48

80

72

42

458

1255.00

57.20

0.00064

0.00i4

950
150

150

125

1375

350

1725

115

14

138

64

80

144

56

611

1675.00

76.50

0.00Q42

0.00095
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for these six models are plotted against beam power in Fig. 5.

Curve A for increasing current extrapolates to about $2.4 million

for a 1000 kW installation. Curve B for increasing voltage

extrapolates to about $2.9 million at 1000 kW. A multiple-beam

system will probably fall somewhere between these two estimates.

A comparison of the processing cost rates given in the two

bottom lines of Table I shows that the cost per pound or per

kilogram of product diminishes as the beam power is increased by

raising the accelerating voltage. This is due to the fact that

most of the cost items (except for the electrical power) do not

increase in proportion to the voltage. A comparison of the bottom

line cost rates in Table II shows a result similar to Table I,

that is, the processing cost per unit of product weight diminishes

with increasing beam power as the beam current is increased.

These six processing cost rates are plotted against beam power

in Pig. 6. It can be seen that the downward trends of the processing

cost rates are about the same whether the current or the voltage

is increased. If the upper line is extended to higher output

power as shown, the indicated processing cost rates for 250, 500 and

1000 kW of beam power are $0.00047, $0.00030 and $0.00019/Mrad-lb,

respectively. The validity of the 500 and 1000 kW figures, of

course, is not as good as the 250 kW figure because of the range

of this extrapolation and because the design parameters for these

larger models are not yet fixed. Nevertheless, this method of

projecting processing costs from the present power range to the

anticipated future range gives approximate figures which are

useful for evaluating the feasibility of using electron beam

radiation on high-volume processes.
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10.0 COST COMPARISONS OF DISINFECTION METHODS

The U.S. Environmental Protection Agency has recently
reviewed the need for disinfection of waste water and has
discussed a variety of methods for accomplishing this objective
(10). They have also prepared co^t estimates for each of these
methods, based on the 1974 economy. These are listed in
Tables III and IV of this paper.

The two bottom lines in the tables are cost estimates
for electron beam processes prepared from the cost trends shown
in Figs. 5 and 6, Line A. These figures are not strictly comparable
to the non-radiation processes since there are some differences
in assumptions/ such as labor rates, power costs, amortization
schedules and interest charges. For example, the EPA used a
20 year amortization schedule, no interest charges, $4.50/hr
+ 15% for operation and maintenance costs and 1.5C/kW-hr for
electrical power. On a comparable basis, the electron beam cost
estimates would be significantly lower than the figures given
here. On the other hand, the electron beam estimates do not
include the cost of oxygen or recirculation and drying in the ozone
production process.

In spite of these differences which should be examined
more closely, the capital cost estimates given in Table III for
the two electron beam processes are not very far out of line
with the ozone/air process for a 10 MGD plant and are competitive
at the 100 MGD level. The high figure (7200) for the direct
electron beam + O2 process is due to the requirement for three
generators rated at 1000 kW each. If all three were purchased
at the same time and housed in a common facility the total capital
cost would be reduced.
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TABLE III

SUMMARY OF CAPITAL COST ESTIMATES FOR

DISINFECTION OF WASTE WATER

(data from reference (10))

Plant Size/ MGD

Cost Unit

1

$1000

10

$1000

100

$1000

Process

Chlorine

Chlorine/S02

Chlorine/S02/Air

Chlorine/Carbon

Ozone/Air

Ozone/Oxygen

Ultraviolet Light

Bromine Chloride

•Electron Beam + 02

*03 from Electron Beam

60

70

120

640

190

160

70

50

900

660

190

220

360

2800

1070

700

360

130

1725

1250

840

930

1580

8400

6880

4210

1780

410

7200

2400

*calculated from Fig. 5
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TABLE IV

SUMMARY OF OPERATING COST ESTIMATES FOR

DISINFECTION OF WASTE WATER

(data from reference (10))

Plant Size, MOD

Cost Unit «/1000 gal

10 100

g a i <>/1000 gal

Process

Chlorine

Chlorine/S02

Chlorine/SO2/Air

Chlorine/Carbon

Ozone/Air

Ozone/Oxygen

Ultraviolet

Bromine Chloride

* Electron Beam + O2

* O3 from Electron Beam

3.49

4.37

7.66

19.00

7.31

7.15

4.19

4.52

77.1

37.8

1.42

1.75

2.39

8.60

4.02

3.49

2.70

3.04

17.5

8.6

0.70

0.89

1.19

3.28

2.84

2.36

2.27

2.65

8.1

2.0

•calculated from Fig. 6
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i' The operating cost figures per 1000 gallons of water

J; were obtained as follows: For the direct irradiation process

I at a dosage of 50 kilorads, the basic thruput unit is 1000 gal x

? 8.34 lbs/gal x .050 Mrad = 417 Mrad-lbs. This figure is then

•• multiplied by the cost per megarad-pound obtained from Fig. 6

i. for the appropriate beam power level given in Section 2.0.

•v The processing cost figure for the direct electron +O2 process

for the 100 MGD plant was taken from the 1000 kw point on Pig. 6.

This figure would be somewhat lower if three generators were

housed in one facility and supervised by a single operator.

For the ozone generation process the operating costs can

best be obtained from the beam power requirements and the cost

per kilowatt-hour of electron beam energy. The latter figure can

be obtained by mr" plying the radiation cost/Mrad-lb by the

thruput rate of • jo Mrad-lb/kw-hr (for a 75% beam utilization

efficiency). For example, with a 100 kw accelerator (which is

required for a 10 MGD plant) the operating cost would be

$0.00085/Mrad-lb x 600 Mrad-lb/kW-hr = $0.51/kW-hr of beam. (The

cost/Mrad-lb was obtained from Fig. 6, Line A, for 100 kw.)

Now, assuming an ozone yield of 0.4 lb/kw-hr, (from Section 3.0)

the ozone cost would be $0.51/kW-hr -J- 0.4 lb/kW-hr = $1.28/lb O3.

Now, for an assumed ozone treatment of 8 mg/1, the ozone required

for 1000 gallons is 8340 lbs x 8 x 10""6 = 0.067 lbs. So, the

treatment cost would be, $1.28/lb O3 x 0.067 lb O3/IOOO gal =

$0,086/1000 gal. The other ozone figures in Table IV were obtained

in the same way.

The operating cost estimates for ozone from electrons look

quite attractive for the 100 MGD plant. The estimate for the

direct electron + O2 process for the 100 MGD plant suffers from

the choice of 3 generators instead of one larger unit.
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The combination of radiation with high-pressure oxygen, chlorine,

carbon filtration within the beam or heat could reduce the power

requirements and make the.direct irradiation process look more

attractive. Cost estimates have not been attempted for these

alternatives but they should be kept in mind when evaluating the

potential of radiation disinfection processes.

11.0 CONCLUSIONS

The growing concern about environmental quality is

stimulating the search for better methods of sewage treatment.

The proper disinfection of sludge and waste water is a prime

concern. Alternatives to simple chlorination are all more

expensive, especially ozonation and, carbon filtration. If either

of these processes are applicable to a large treatment plant, then

electron beam radiation should also be considered.

High energy radiation from radioactive substances has

heretofore been too expensive for most sewage applications. It

may be applicable to sludge treatment where agricultural use is

intended. However, this form of energy cannot be considered

for waste water disinfection because of its high cost and limited

availability.

• On the other hand, electron beam radiation produced by

high-voltage electrical equipment can produce the same beneficial

effects and issfar cheaper. The lower operating costs for electron

beam facilities are directly related to their higher power ratings

and material thruput rates. As the size of the unit increases,

the operating costs per unit of material irradiated go down.

The large thruputs of waste water from municipal sewage

treatment plants pose both a challange and an opportunity to the
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electron accelerator industry. The beam power requirements
are, in some cases, beyond present capabilities. However,
this industry will be able to respond to this kind of challenge.

At the power levels that will be required for water
treatment, the capital and operating costs will be comparable
to the cost of ozonation and may even be lower when all things
are considered. This means that electron beam radiation should
be on the list of new techniques which are being evaluated for
the treatment of waste water.

FIGURE CAPTIONS

Fig. 1 The High Voltage Assembly of a 3.0 MV-50 mA-150 kW
Dynamitron Accelerator

An Electron Beam Scanning System

A Simplified industrial Control unit for a
Dynamitron Accelerator

A Conceptual Design for a Multiple-Beam Accelerator
Rated for 2.5 MV-400 mA-1000 kW

Increasing Trend of Electron Beam Capital Cost
with Increasing Beam Power

Decreasing Trend of Electron Beam Processing Cost
with Increasing Beam Power
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THE PILOT PLANT IN GEISELBULLACH FOR THE GAMMA IRRADIATION OF

SEWAGE SLUDGE - DESIGN, OPERATION EXPERIENCE AND COST CALCULATIONS

T. LESSFL, E. HENNIG

Abwasserverband Arapergruppe

Hauptstrasse 37

8031 Eichenau

W. Deutschland

Abstract

THE PILOT PLANT IN GEISELBULLACH FOR THE GAMMA IRRADIATION OF SEWAGE SLUDGE
- DESIGN, OPERATION EXPERIENCE AND COST CALCULATIONS

The pilot plant for sewage sludge irradiation in Geiselbullach near
Munich had continuously been in operation from July '73 to October '75
with a capacity of 30 m3 per day. Successful experiences during this period
resulted in an increase of the installed radiation energy and in several
improvements for the technique and the efficacy. From December 1975 on the
plant has been operating with a daily capacity of 120 m3 of sludge per day.

The experience with this plant brought several problems which caused
Interruptions of the continuous operation and that had to be dissolved with
new measures. But although the facility at Geiselbullach is a pilot plant
the availability was more than 350 days per year. Due to the simple design
of the plant and of the ful1 automatic operation no special trained personal
is necessary for the maintenance. Beside the effect of the hygienization
the irradiation caused improved sedimentation properties of the sludge.
Presently investigations are undertaken to prove better mechanical sludge
dewatering properties.

Cost calculations resulted in about DM 2,30 for operating expenses
and DM 2,25 for capital costs per m3 of sludge for the fully charged
plant. The capital costs will be less in commercial plants. The conditioning
effect on the sludge by the irradiation means savings of about DM 1,00
per m3.

The irradiation of sewage sludge proved to be possible at about equal
costs compared to the weliknown heat treatment (pasteurization at 70°C
during 30 minutes).

Further investigations have to be done to overcome the contrary
developments of the plant capacity, limited by the decaying radiation energy
and the normally arising sludge quantities of a sewage water treatment plant.
It has to be pointed out,'that the irradiation of sewage sludge is only
useful when sewage sludge must be treated during the whole year.
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In 1972/1973 a pilot plant for the gamma irradiation of sewage

sludge had been built at the, sewage water treatment plant of

the Abwasserverband Ampergruppe, 10 km west of Munich.

This research projekt has been supported by the German

ministry of research and technology.

Digested sewage sludge has some value in organic; and anorganic

substances, therefore more and more efforts are being under-

taken for a recyling. As the digested sewage sludge contains still

microbes, worm eggs and viruses, its application to agricultural

land is not allowed during the vegetation period. Beside this the

content of the toxic substances of the sludge must not lead to

a contamination of soil, plants and food. Therefore normally

only the sludge of mainly domestic sewage water is qualified

for an application to agricultural areas.

A widely used method for destroying pathogenes is a heat treat-

ment. In this prceeding the sludge ist heated up to between

65 C and 80 C and is kept at this temperature for between 15

and 30 minutes. Several studies stated that an irradiation of

sludge with a dose of about 300 krad has equivalent results in

the killing rate of pathogenes as the thermic treatment, £ 1;6J -

Beside the hygienic research aspects this irradiation plant in

Geiselbullach was intended as well to* find out

- if a sludge irradiation plant can be operating with the

staff and maintenance possibilities of a sewage water

treatment plant
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- if the irradiation plant can be operating with a high

availability

- what personel is necessary for the daily service and

repairs

- at which costs an irradiation plant can be operating.

DESIGN

The irradiation plant in Geiselbullach now has been operating

for about 3 years J_3; 4; 5j . It is designed lor a capacity of

about 150 in per day and an exposure dose of 300 krad. For

testing purposes this plant has been operating during the first
3

28 months with a capacity of about 30 in per day with an in-

stalled radiation energy of about 110 000 Ci. Since December

1975 the plant is loaded with 450 000 Ci, which is sufficient

for a daily capacity of about 120 m of sludge. This means

that all the sludge of the sewage water plant in Geiselbullach

is irradiated for an agriculture application.

Today Cobalt-60 is used as radioactive source.The use of high-

level radioacitve wastes from reactors is possible and intended

as soon as they are available as commercial sources.

Fig. 1: Schema of the irradiation shaft

The plant consists of two underground components:

- the irradiation shaft, shielded by a heavy concrete slap and

- the always accessible pump shaft

each with a depth of about 8 m. By installing the irradiation
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chamber underground the irradiation protection was achieved

with few costs.

The irradiation shaft is subdivided into two channels by a built

- in central tube which contains the radioactive sources between

its double walls.

All mobile components - pumps, valves, instruments - are

installed in the pump shaft. So service and inspection is possible

at any time without any particular safety precautions.

The building above ground houses a metering silo, the regulating

equipment, the control instruments, a heavy crane and a small

laboratory. The crane is necessary for the handling of the 11 to

concrete slap and the source containers.

3
The sludge is irradiated in batches. 5,6 m digested sewage

sludge is led from the digesting tower to the above ground

metering silo and is stored there until treatment.

For irradiation the sludge is led into the irradiation shaft whero

it also fills the pipework of the recirculation system.

As soon as the recirculation pump starts working the sludge

recirculates and is forced to flow past the radiation sources on

both sides of the central tube.

When the irradiation dose is reached after a preset time the

recirculation is stopped and the sludge is pumped out to drying

beds by evacuation pumps.

The process sequences are repeated at preset time intervals

and are running fully automatically during 24 hours a day. No

special surveyance is needed except on occasion.
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The radioactive sources between the double walls of the central

tube are cooled and controlled by a particular circuit running

with softened water. The softened water leaving the central tube

passes activity monitors for a detection, then a filter which

retains particles of a size higher than 5 microns and then is cooled

and Sored in a buffer tank before it returns to the source space.

Fig. 2: View into the open radiation shaft with the central

tube

Operation Experience

Some weeks after starting the operation the filter of the cooling

circuit became clogged. In the cooling water some species of

Ath ro bacter and about 5 - 10 % Bacillus mycoides were found

with a density of 10 organisms per m 1.

After a mercury salt with a concentration of 1 ppm had been

added no further disturbances occured.

At the beginning certain difficulties arose with the valves.

Pneumatically driven valves and pneumatic crush - valves

proved to cause trouble and were not suitable for permanent

operation. The motor - driven valves proved to be reliable but

they need relatively long time for the opening and shut- off-

sequences. New constructed pneumatic driven valves are intended

to be used.

The originally built - in recalculation pumps proved to be so

strong that vibrations in the central tube occured. After reducing

the motors and changing the wheels of the recirculation pumps

there had been no further difficulties in this respect.
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The evacuation pumps were built - in at too high a level at

the beginning so that the flow of liquid in the pipe broke before

the total evacuation was achieved. By building in the pumps at as

low a level as possible and by installing other pump wheels, the

evacuation is now possible with relatively liquid sludge.

When the valve between the digestor and the metering silo failed

to close on one occasion, the sludge ran out of the silo and

flooded the whole plant in an few minutes. In the meantime a

new overflow - pipe and an additional valve in the inflow - pipe

with a seperate control system have been installed which prevents

the danger of a reoccurence.

After seven month of continous operation of the plant, reduced

irradiation effects wore not:

sludge had been irradiated.

irradiation effects wore noticed. At the time about 6 500 m of

Examination of the plant registered deposits with a thickness

of several cm in places and even on the moving wheels of the

pumps.

Fig. 3: Deposits of about 3 cm in the irradiation plant

Chemical analysis found that the deposits consisted of Mg (NH.)

PO4. 6,4 H2O

Fig. 4: Formula of the deposits

These deposits were mainly caused by the escape of CO. gas

during the recirculation which meant an increase of the pH-

value from 7.1 to 8. 0. These deposits are not specific for the

irradiation process as they can be observed in many sludge pipes

on the sewage water treatment plant.
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The forced ventilation of the radiation chamber was turned off

and thereafter only a slight change of the pll-value from 7.1 to

7. 3 could be observed.

The deposits could be dissolved with 5 % formic acid within 30

minutes, the pH-value of the acid mounted during the cleaning

process from 1.8 to 3.2. Two cleaning processes were necessary.

Because of the low loss of CO.?-gas deposits today are much fewer.

Nevertheless a cleaning process with 5 % formic acid is necessary

once in two years. To protect the concrete against the corrosion

by the acid the radiation chamber had to be coated by a layer

of stainless steel.

The studies of the hygienic effects on the sludge showed that

dead zones in the pipework caused a steady reinfection during the

recirculation. The pipework was then changed and new valves were

built in so that at branches only a minimum of dead zones exist.

The hygienic effect improved significantly by these moderations.

Although our plant is a pilot plant and every improvement was

executed tiie facility had operated during the first thousand days

on about 915 days. 60 of the about 85 failure days during the

last three years were due to moderations to the plant and only

25 days were due to repairs and sei-vicing. For the future we are

calculating \frth an availability of more than 350 days per year.

The irradiated sewage sludge proved much better sedimentation

effects in the drying beds than untreated or heat - treated sludge.

The improvement of the sedimentation is probably partly lost by

the mecanical strain of the recirculation pumps. The experiments

with new pumps, which should treat the sludge more tenderly are

not completed, but it seems that they have not the expected

influence on the improvement of the sedimentation properties.

- 173 -



- 160 -

Other experiences

The irradiation of sewage sludge showed beside the hygienic

effect some secondary effects:

1. The sludge has considerable better sedimentation properties

Fig. 5: Sedimentation of differently treated sewage sludge in

drying beds

This effect is extremely interesting for sludge handling, as

f. i. after 8 days of sedimentation in drying - beds only about

50 % of irradiated sludge has to be transported to the fields

compared with heat - treated sludge.

Fig. 6: BOD of the sludge water of differently treated sludges

2. The sludge water of irradiated sludge has a much lower

BOD than the sludge water of untreated or pasteurized sludge,

which means a relief of the waste water treatment plant.
t

3. The specific filter resistance of sewage sludge is significantly

reduced by the gamma-irradiation £ 2 j .

4. Measurements of electrophoretic mobilities showed that the

negativ electrostatic charge of collodlal sludge particles

was reduced by the gamma-irradiation, whereas the heat -

treatment increased this negative charge [2j .

5. Observations were made that heat - trerted sludge, which was

mixed to 50 % with irradiated sludges, had nearly the same

good sedimentation effect compared with the irradiated sludge.

So the conditioning effect of the gamma-irradiation cannot be

neglected in the cost calculations.
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I
Fig. 6

BOD-Burden of Sludge Water of differently treated Sludges

of the Sewage Water Treatment Plant in Geiselbullach
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6. As the irradiation process takes place at a temperature

of 25-30 , irradiation does not induce a breakdown of

organic nitrogen compounds, so that there is no generation

of obnoxious smells. Irradiated sludge can therefore be

placed on fields near to inhabited areas.

7. Due to the low temperature the corrosion of the plant

components is reduced and a longer service of the plant

is taken into the calculation account.

8. The farmers in the suroundings had never been afraid

of the irradiated sludge and today they prefer to get irradiated

sludge of our plant instead of untreated. This is probably

because of the studies, which were done by the Bayerische

Landesanstalt fur Bodenkult-ur und Pflanzenbau and of which

they were informed, and because of a great esteemed farming

'restitution, in the neighbourhood to our plant which applies

regularly the irradiated sludge.

9. The main disadvantage of the gam ma-irradiation treatment

is the steady decay of the energy sources, as on the other

hand the sludge quantities of sewage water treatment plants

normally increase. Siudies are just being undertaken to

overcome this contrary developments of the plant capacity

and the arising sludge quantities.

10. It must be pointed out, that the gamma -radiation energy

cannot be "svitched off" like the energy in a heat treatment

plant. Therefore the irradiation treatment of sewage sludge

is only useful if sewage sludge must be treated during the

whole year.
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COST CALCULATIONS
o

Cost calculations for the irradiation treatment of one m of

sludge in our plant were made for the capital costs, for the

operation costs and for the total costs.

Fig. 7: Capital for the irradiation plant in Gciselbullach
(1972/1973)

The invested capital for the irradiation plant in Geiselbullach

was in 1972/73 for

Underground buildings

Works against subsoil water

Above ground building

Technical installations

Monitoring equipment

Sum of investments DM 1 139 000,--

in addition to this imestments the costs for the radioactive

energy, which remains in the plant and that is necessary for

a certain capacity should as well be taken into account.

The capital costs were calculated under the supposition of an

amortization of 20 years and 8 % interests.

The running costs were calculated on the basis of the following

factors:

Electric power 0,07 DM/kWh (day and night average)

Control and service 18,-- DM/day (1 hour per day)

Radioactive sources 1,20 DM/Ci

The radiation energy, which has to be added regulary, is taken

into account corresponding to the decay of Co-60 by about 12. 5 '%

per year.
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_J

Fig. 8: Cost calculation for the irradiation plant in

Geiselbullach (1975)

The cost calculations were done for a fixed dose of 300 krad

•e
3

3
in three cases: 30, 100 and 150 m of sludge per day, corres-

g to a yearly capacity of 10 000, 34 GOO and 51 900

of sludge.

These calculations ignore the capital costs for the radiation

energy, that remains in the plant. However these costs should be

added as 75 % of the initially installed radiation energy is not a

direct operation medium but an investment.

So the capital costs for the radiation sources have to be added,

which are

DM 1,10 per m3

for the three cases

The calculations assume that as much sludge is irradiated as

radiation energy is available.

It can be seen that the capital costs amount to between approx.

75 % and approx. 50 % of the total costs. In this connection

it must be pointed out again that for this existing plant in

Geiselbullach the capital costs are higher than normal because

of the works against of the subsoil water, the costs for the

additional control equipment and the double installation of

pumps and valves, which arc necessary only in a pilot plant.

The capital costs should be 15 % to 20 % less in commercial

plants of this type.
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Fig. 9: Cost comparison between irradiation and heat

treatment

If the results of the cost calculations for the irradiation are

compared with those published for a thermic treatment (nor-

mally performed at 70 C durin 30 minutes), it can be seen

that the average "of the total and the capital costs for the

thermic treatment of sewage sludge are less than for a

hygienization by irradiation as far as the hygienic aspects

are concerned.

The secondary aspects, which were mentioned before, influence

the real costs, but they could not yet be included in the cal-

culation:

- The conditioning effect of the gamma irradiation is

estimated to a value of about DM 1, 50 per m of sludge

compared with a heat treatment (savings in dewatering

facilities or chemicals or in transportation costs).

- As the irradiation treatment takes place at a temperature

of 25 to 30 C irradiation does not induce a breakdown

of organic nitrogen compounds, so that there is no

generation of obnoxious smells. Irradiated sludges can

therefore be deposited near to inhabited areas.

- Irradiation energy will be increasingly available

in future. The consupmticn of conventional energy is

reduced.

- The irradiation process offers a possibility of a gainful

use of waste products of the nuclear fuel cycle.
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- As the radiation energy cannot be switched off, super-

vising authorities can assume that irradiation plants

are in operation and that really hygienic sludge is brought

out onto the agriculture areas.

SUMMARY

The gamma-irradiation of sewage sludge is possible with

facilities of a simple design and a great availability; they can

be working full automatically 24 hours on 350 days a year or

more. No special trained service staff is necessary. The costs

for the sewage sludge gamma irradiation are slightly higher

than for a heat treatment, but several secondary effects are

more favourable for the irradiated sludge. The hygienization

of sewage sludge by gamma irradiation is normally only useful,

when sludge has to be disinfected during the whole year.
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CONCEPT FOR CONTINUOUS SLUDGE IRRADIATION WITH RADIOISOTOPES

BERNHARD HERKERT

Firma Leybold-Heraeus GmbH 6 Co KG - Werk Hanau

Abstract

CONCEPT FOR CONTINUOUS SLUDGE IRRADIATION WITH RADIOISOTOPES

A design for the continuous sludge irradiation with the aid
of Co-sources is presented. The sludge is moved slowly
through a vertically arranged tube from bottom to top. At
the lower part of the tube rotates the source rack with
suitably situated rod sources. The driving mechanism for
the sources leads through the tube to the top of the
irradiator.
The advantage of the proposed design subsists in the care-
ful treatment of the sludge during irradiation.

1) Continuous sludge irradiation

From the very beginning of the discussions on the treat-
ment of sewage with ionizing radiations Leybold-Heraeus
has started examining various technical possibilities
for performing the hygenisation process in technical
scale. The use of radioisotopes, of used fuel rods,
solidified radioactive waste, electron accelerators and
even of UV-lamps for well purified sewage water have
been taken into consideration. Especially for the use
of radioactive sources various plant designs have been
examined. All are based on the idea to perform the sludge
irradiation continuously in order to avoid unfavourable
effects of extended pumping on the dewatering properties
of the irradiated sludge H3 as well as dead times of
the facility which reduce the overall efficiency for
higher throughputs considerably,

A project for a continuous sludge irradiating
facility has already been discussed at the Munich
symposium in March 75 122 . In that proposal the fluid
was guided within spirals through a radiation field,
established by a suitable arrangement of radioactive
sources. Other concepts for the continuous sludge
irradiation in channels or tubes of relatively small
diameter have been described in various patent
specifications [3, 4 , 5j .

In this paper we are going to describe a version
of a continuous sludge irradiator in which the
hygenisation is performed in a tube of large diameter
i.e. at least 50 cm. Our description here is based
on one outlay of the basic principle. A more compre-
hensive study of the advantages and disadvantages of
this and other types of continuous sludge irradiators
will be published later.
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2) Construction and operating principles of the irradiator

The main part of the irradiation facility to be described
here consists of a vertical tube, the lower part of
which contains the radioactive sources. (Fig. 1) The
sludge is pressed through this tube by means of a
dosage—pump. It enters the tube from the bottom, moves
along and through the revolving source rack up to the
top where it flows over to the; outside. With the aid of
the dosage-pump the throughput of sludge can be adjusted
to the required irradiation dose according to the
installed activity.

The radioactive sources are installed in a rakelike
source-rack. This source rack is fixed at the revolving
central shaft which leads through the upper shielding
where it is driven by a motor. The active rods themselves
are held in watercooled tubes which are arranged at
different radii in the frame? When rotating, cylinderlike
revolution surfaces of activity will be formed by the
rods. The distribution of the sources has to be made
such that the radiation field over the cross section of
the tube is optimized in view of a high efficiency.
Obviously the throughput of sludge is determined by
that part of the cross section with the smallest dose
rate. The calculation of its distribution is done by
superpositioning the radiation of the mentioned
"cylindrical" sources.

The revolving source rack requires attention in view
of the necessary equal vertical velocity of the sludge
over the whole cross section. The large diameter of the
irradiation tube reduces the sludge velocity in the
vertical direction to less than 1 cm/sec for throughputs _
of up to about 10 m /h. Therefore the residence time of
each sludge particle in the radiation field is of the
order of at least one minute. Assuming that a sludge
rotation is induced by the rotation of the source rack
the difference between the velocity of sludge and rack
can be made sufficiently large in order to justify the
streamline concept used for the calculation of the
radiation dose. The optimum rotation speed has to be
adjusted in such a way that each sludge particle "meets"
the sources a sufficient number of times during its path
through the radiation field. Alternatively the direction
of motion of the source rack can be regularly reversed in
order to avoid any rotational motion of th,e sludge if this
should prove to be of advantage.

The mentioned sludge movement in the irradiation tube
of less than 1 cm/sec is far below flow velocities
ordinarily applied in the transport of sludge. As no
physical data regarding the hydrodynamic behaviour of
sludge and the variation of properties of sludge are
available, the feasibility of the concept of very slow
sludge movements has to be tested on a model.
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3) Charging of the irradiator

The charging with the active sources is done under water.
At first the transport container with the sources will be
lowered in the waterflooded irradiation tube. The sources
are taken out and deposited at the side of the tube.
After the emptied container has been withdrawn the source
rack is installed instead. The sources are then positioned
in the provided tubes of the source rack. After setting
the radial journal bearing the stepped upper part of the
central shaft can be mounted to the shaft. Then the concrete
cup can be set up. After this the central shaft unit is
li.'ted for a few millimeters so that the axial support
bearing can be mounted. At last the cooling water line
assembly and the driving motor must be installed.

4) .uxiliary installations, servicing

Besides the equipment in the irradiation tube there are
auxiliary installations necessary: 1 dose pump for the
transport of the sludge through the irradiator. According
to the proposed arrangement of the civil-work construction
of the facility there is no need of an extra drain pump.
If the dose pump or the sourcedrive motor will fail for
some reason, provision is made for rinsing the irradiation
tube with pressurized water of the normally present water
supply. Thus there will be no danger of agglomeration of
the sludge as a consequence of heavy overdosing.

For the cooling of the sources an extra water circuit
with especially treated and cooled water will be installed.
This circuit serves as well as indicator for the tightness
of the sources. Any contamination will be recorded
immediately and the cause the automatic shut-down of the
facility. A second dose rate meter will be installed at
the outlet of the sludge. A third one will measure the
radiation level above;the top of the installation,
especially during charging an^ servicing operations.

For purposes of "nspection or cleaning only the con-
crete cup must be removed. By means of different inter-
locks it will not be possible to lift this cup without
concurrent filling of the tube with water. The source rack
and the tube can be cleaned from the top with the aid of
long tools and water underpressure. The sources have not
to be dismantled during regular services.

5) Calculations and results

For the calculation of the dose the following assumptions
have been made:
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1. The source rotates and describes a cylindrical
surface which is considered as a network.of point
sources S...

2. The dose rate D. for a Target Point P
according to the usual equation: J

is calculated

K A

X s i

w
rk

rotating
rod source

irradiation
tube

D. Dose rate
K^ conversion factor
A activity
a. distance between

point source and
target point

u attenuation
^ coefficient
B< build-up factor
P. Target Point
Sr Source Point

Summing up the contributions of the source points
renders the dose rate in a point P..

3. The integration of the dose rates along streamlines
at r. = const gives a integrated dose which is
used for calculating the throughput. The integration
was carried out over a height exceeding the source
length by about 20 cm on each side.

4. By superpositioning various source arrangements one
can achieve an optimum distribution of the installed
activity over the cross section.

For various arrangements of sources the expression

has been programmed (for isotope Co and water). As a
result one gets the typical curves shown in Fig. 2. With
the aid of these graphs one can by simple superposition
look for an appropriate dose distribution over the cross
section of the irradiation tube. This has been done in the
following example (Fig. 3). Three unit sources are situated
at r^, one at r~ and one at r_. The superposition results
in a couple of minima at various radii. The absolute
minimum dose determines the throughput. It can be con-
cluded from the Figure that one gets the best efficiency
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with all minima at the same level. For the type of
arrangement described, we have estimated an efficiency
of about 58%, without taking into account the
absorption of the construction materials of the source
rack and the cooling water. Their absorption will reduce
the output by about 4-5%. For an installed activity of
500 KCi and a dose of 30Q K rad this throughput will
be in the order of 4,8 m /h. The specified efficiency
is rather uneffected by the radius of the irradiation
tube, as long as this radius exceeds about 25 cm.
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Fig. 1 Layout of Sludge Irradiation Facility
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Fig. 2 Variation of Integrated Dose over Cross Section
of Irradiation Tube
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rig. 3 Superposition of Integrated Dose over Cross
Section of Irradiation Tube
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: Abstract

y QU.AHTY AMD SECURITY ON THE USES OF COBALT 60 SOURCES FOR INDUSTRIAL
5 IRRADIATORS

r,. The construction and operation of industrial irradiators

using large quantities of Cobalt 60 give rise to an important problem

of security. The CEA Radioisotope Department which manufactures and

'. sells sources of Co60 has created an insurance Quality System which

; insures the maximum of security for the user.

The use in industry of radioactive sources gives rise
to serious problems of security. Most of the countries have established
a regulation on the use of radioactive products. Moreover, the inter-
national organizations such as ISO, AIEA, etc., have set up norms and
recommandations on the specifications which these sources should have
to withstand without damage the transports and utilisation in labora-
tories or industry.

What are the risks involved by using a batch of sources of
many hundreds of thousands of curies in industry ?
Those risks are of two sorts ; first of all the risk of accidental
irradiation. The irradiator constructors - they can be trusted - have
studied devices and multiplied security systems so that such accidents
do not occur, This risk is therefore greatly reduced by the quality
of the irradiation installation on the level of the project, the cons-
truction, the set up of development instructions with the supervision
to carry them out strictly.
The risk of contamination, therefore of irradiation by contamination
- uld appear or exist with leakage of the sources,
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Before analysing the dangers related to the existence of
radioactive sources, I must precise a few data concerning the level
of tolerated contamination in the air and the vjater.

The maximum permissible concentration of C06O in the air is of ]0-7 ci
per m3 in the insoluble form.
In water, the maximum admissible concentration is of 5 x 10- ci/m in
the soluble form and 3 x 10—** ci/m3 in the insoluble form.
When considering that the specific activity of the cobalt 60 reaches
J00 ci/g of metallic cobalt, this corresponds to a maximum weight of
5 x I0-3 mg per m3 in water, which is extremely low.

Let us see now the reaction of the radioactive cobalt in

contact with water.
Theorically the cobalt is insoluble in water; unfortunately the
intense radioactivity of the Cobalt 60 produces a decomposition of water
on contact with production of nascent oxygen which oxydes the metal
and is much propitious to its transfer into the solution. The expe-
riences which have been carried out in our laboratory prove this
hypothesis : the Cobalt irradiated and immersed in water blackens and
is transferred partly into a solution.
The immediate consequence of a leaking source is the contamination of
the water of the irradiator with the necessity of treating this water
on the spot or transferring it to a plant of radioactive wastes proces
sing.
As an indication, in France, the processing of one cubic meter of wa-
ter containing 1 curie of Co60 costs 1.746 FF (about 1000 DM), trans-
port not included. .
I would like to indicate in this connection that our Radioisotope
Department has created a system for processing the water on the spot
by using a device of fixation on a ion exchanging resin.

After having examined the risks subsequent to the use of
radioactive sources, I shall now describe succinctly what contains
a Cobalt 60 source anH how it is manufactured.
For minimal self-absorption reasons, the Cobalt is irradiated in the
reactor in the form of Cobalt plates actually 1,2mm thick (0,9mm short-
ly) 54mm long and 18mm wide and encapsulated in stainless steel 0,5mm
thick and argon arc welded.
These elementary sources are mounted in a stainless steel tube of
27,8mm external diameter in a well defined geometry in layers of 6
plates. The complete source holds 6 or 8 piling up of 6 plates.
The tube is argon arc welded as usual and introduced in a second
envelope of stainless steel 1mm thick and plugged at each end. These
plugs are used as handling heads and are made leak-proof by argon arc
welding. The handling head is made on the customer's request.

Now I will talk on the different stages of manufacturing.
We shall see further on,how is organised the Quality Control and the
different tests and controls which are carried out.
The "inactive" works are : supplying and engraving the tubes, plugs,
probes having a rectangular or triangular section and stainless steel
encapsulated cobalt plates.
After irradiation, in the shielded cells, the plates are measured,
weighed and arranged in batches. They are decontaminated,
Then follows their mountings in the primary envelope. The plates are
mounted in pairs along the four sides of an equilateral triangle.
Then comes the helium filling work and the primary envelope is sealed
automatically by argon arc welding,
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The helium spectrometer measuring periaits to verify the non-leakage of
.tne welding. The activity is also measured in the ion chamber,

The assembled plates are encapsulated in a secondary envelope welded
and checked in the same way.
Before loading, the source is decontaminated and verified.

All this appears very simple but in order to obtain a source
of very high quality, many measures of security have to be taken.
The Quality control takes place at the project level (in the case of a
new design) on working out the specifications of material supply, of
manufacturing and checking up.
In fact, the specifications or welding processings are established only
after having qualified this processing which is perfected on test-tubes
These test-tubes withstand various metallographic and radiographic tests
The Quality Control is made on receipt of the material : dimensionnal
control, chemical analysis, non-leakage test for the parts welded in
the plant. Then follows all the manufacturing tests; some of them are
part of the manufacturing process and are made by the manufacturing

' staff. All stages of verification are made by the Quality Control
Group which is independant from the manufacturing Group.
The controls of the sources are performed on :

- the plates : weight, measurement in ion chamber, measurement of non-
contamination.

- on the sources : verifying the conditionning of the operation.
- verifying the welding parameters (on primary and

secondary envelopes).
- non-leakage test (1st and 2nd envelopes) by helium

spectrometer.
- non-contamination control by wipe-test or immersion

into nitric acid.
- measure in the ion chamber.

Just before shipment, the non-contamination of the transport container
is verified and the loading process checked.
The sources are delivered along with two documents : a delivery note,
a source certificate; moreover and on request, we .can supply two
supplementary documents : first, an insurance quality certificate gi-
ving the references and components of the source and certifying that
the te:ts on manufacturing and material have been made.
Secondly, a waranty under which the CEA engage themselves to replace
or repair free of charge all or part of the supply showing defects.
I must add that these sources are classified "special form" material
simplifying thus transport and utilization authorization and that their
classification under the norm ISO/DIS 2919 is 63446.

To conclude, I will give with a few figures the result of
our work to obtain very high quality sources :

During 10 years our Radioisotope Department has selled more than
7 millions of curies of Co60 in 15 different countries with only two
incidents due to the user's faulty operation. Both incidents resulted
in an important distortion of the capsule without dispersion of the
Co60.
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Abstract

SEWAGE SLUDGE IRRADIATION WITH ELECTRONS

The desinfection of sewage sludge by irradiation is discussed

very intensive in the last few months. Powerful electron acce-

lerators are now available and the main feature of the irradi-

ation of sewage sludge with fast electrons are discussed and

the design parameters of such installations described.

AEG-Telefunken is building up an irradiation plant with a

1.5 MeV, 25 mA electron accelerator, to study the main feature

of electron irradiation of sewage sludge.

Introduction

The desinfection of sewage sludge by irradiation as a

highly effective and favourable method was intensive

discussed in the last few months. Many studies were made

with radioactive isotopes such as Co (1-4).

In the past few years new electron accelerators have been

built, which have the following advantages:

. variable high-power output

. high reliability

• low costs

Contineous process lines for handling large amounts of

sewage sludge can now be established. Therefore one starts

to discuss the main feature of the irradiation of sewage

sludge with fast electrons.
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Design Parameters

Recent studies have shown that the desinfection with

electron irradiation produces good results (3,5).

With a dose of *t00 krad desinfection rates up to 10
ft

to 10 can be achieved.

The high power of the electron accelerators permits

contineous irradiation of sewage sludge. The penetration

of electrons in sewage sludge is a function of their

energy. This limits the thickness of the sewage sludge

during irradiation. For example, the possible thickness

of the sewage sludge irradiated with 1 MeV electrons is

about 3 nun with an overdose ratio less than 1.7.

Consequently the particle size in the sewage sludge should

be less than 1 mm.

In view of the limited electron penetration into the

material it is desirable to use high energy electrons

up to 1.5 MeV, whereas from an economical standpoint it

may be better to use 500 KeV electrons. In the latter

case a good mechanical homogenization and a special

handling system is necessary. The cost of these systems

increase with decreasing electron energy.

Therefore an economical process line must be a good

compromise between electron energy, mechanical homo-

genization and handling system.

Another parameter to be considered is the beam power for

handling the sewage sludge for different amounts. Under

the following assumption:

• required dose (tOO Krad

• content of solids 5-8 %

• beam efficiency 50 %

• irradiation time 20 hours per day

• 1000 people are equal 1 m sewage sludge per day.
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one needs for example for 250,000 people an electron beam

power of 27.5 kW. This can be handled by a commercial 1 MeV/

jO ntA electron accelerator.

For the same amount of sewage sludge a Co source of about

1,000,000 Ci is necessary.

Electron accelerators have the following advantages for

the treatment of sewage sludge:

• machine source and therefore radiation

can be switched off

- • maintenance and cleaning without radiation

hazards

• high reliability and flexibility

« variable beam output, that means easy

• high dose rate

• low capital and operation coat

• compact design and easy shielding

• energy saving process against

thermal pasteurization

These feature permit large scale application. Economical

process lines with regard to location and local capacities

can be achieved.

Radiation Source

The Oynamitron III high power electron accelerator is an

ideal radiation source* This accelerator is built by the

US-firm Radiation Dynamics Inc., Westbury and was specially

developed for industrial irradiation treatment. In the region

of 0.5 to 1.5 MeV power outputs up to 100 kW are available,

which allows to treat sewage sludge amounts of 1,000,000

people with one machine.
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The Dynamitron III electron accelerator is a DC-accelerator.

The high voltage is generated by a cascaded solid rectifier

system.

The high reliability and the economical operation and main-

tenance were demonstrated in the meantime in more than

30 industrial irradiation plants around the world.

Irradiation Facility

For the construction of a commercial process line following

parameters have been considered:

• limited penetration of electrons into the material

• beam power of electron accelerators required for

sewage sludge treatment

• economics of the process with regard to electron

energy,power, and homogenization of the material

• safety aspects

To study all these parameters in more detail, AEG-Telefunken

builds up an irradiation facility, equipped with a Dynamitron

1.5 MeV/ 25 mA electron accelerator. This machine can be

operated between 500 KV and 1.5 MV with a maximum beam power

of 37.5 kW.

Fig. 1 shows the layout of this plant. The accelerator is

of right-angle configuration, that means that accelerator

tube and power supply are separated. The area of the plant

is about 400 m and the height is about 10 m.

Fig. 2 shows the experimental sewage sludge handling system.

The mechanical homogenized sewage sludge is pumped through a

pipe into a box which has a funnel-type bottom. A roller

system transports the sewage sludge in a defined thickness

on a conveyor, bringing the sewage sludge under the scan horn,

where the sludge is irradiated. At the end of the conveyor the

sludge is stripped into a container box and pumped out.
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Fig.1

Schematic Lay-out of AEG-Radiation-Service-Center

Fig.2

Experimental Sewage Sludge Handling System
(AEG-Radiation-Service-Center)
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This system will be in operation still in this month. The

development is performed under contract with the German

Government.

Conclusion

The irradiation of sewage sludge for desinfection is a

highly effecient method. The use of high power electron

accelerators as radiation source makes this treatment

economic. This type of treatment will undoubtedly by the

preferred method for large scale applications in the years

to come.
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Abstract

TECHNICAL AND ECONOMICAL ASPECTS OF A LARGE AND A1SMALL PLANT FOR
IRRADIATION OF LIQUID WASTE

Description of the further development of the irradiation plant

for sewage sludge which is in operation at the sewage water

treatment plant of the Abwasserverband Ampergruppe at Geiselbullach.

Taking into consideration the operating experience, the conception

of the plant was optimized, the design was simplified. The loading

and reloading of the radioactive sources could be now carried out

during operation of the plant. The economical aspects were con-

sidered too and the calculated cost of the treatment was summarized

in a table.

The purpose of this paper is to give you an idea of the further

development and of some economical aspects of our Gamma Irra-

diation Slants for sewage-sludge treatment.

The effect of ionizing radiation on bacteria and microorganisms

are or will be discussed in a more detailed way by other authorsi

the survey we will give you concernes principally the technical

part and especially the mechanical part. The actual plant at Gei-

selbullaeh was developed in cooperation with the "Bundesministerium

fur Porschung und Technologie", the planning office of the '•Ab-

wasserverband Ampergruppe" and the "Bayerische Landesanstalt fiir

Bodenkultur und Fflanzenbau". It was designed for an initial capa-

city of 30 E3 sewage-sludge a day, but the capacity of the plant

vas increased during last winter as much as fourfold without any

major structural or design modification and can still be increased uc

to 150 m3 a day. Only the activity of the source was modified

and c;n reach a maximum of 650*000 Curie.

Taking into consideration the operating experience, the conception

of the plant was optimised with the aim to simplify some operations,

that means to equip the plant simultaneously for trouble free

continuous operations, as we will show, and to lower the specific

sewage-sludge costs to a minimum.

The plant at Geiselbullach consists essentially of:

- a sludge irradiation shaft with a built-in central pipe (slides

1 bis 5)

- 200 -



- a recirculation system, consisting of an accessible pump shaft

where all circulation and vacuum pumps as well as their control

elements and valves are located.

A few words about radiation protection and safety precautions in

this plant: the irradiation chamber is located about 8 m, the

radiation source about 5,5 m below the surface of the ground.

The irradiation shaft is surrounded by soil on all sides. In

this way, the shielding on the building side could be reduced

to a minimum, and this is reduced to 10,5 tons of concrete shielding

Even in the most unfavourable case, with an empty irradiation

container, no dosis of irradiation could be measured on the con-

crete cover, in the pump shaft, or along the pipes connected

with the shaft.

Especially the shield cover and the pipes were subjected to

critical analysis. Above all we wanted to optimize these two

points since the heavy shield cover requires an adequately sturdy

lifting tackle, which in most cases must be integrated permanently

into the plant and consequently evokes an increase in plant costs.

This problem has been solved by providing a chamber filled with

radiation shielding liquid (water) above the irradiation chamber

with the central pipe. This chamber is sealed off tightly agains

the irradiation chamber. Openings exist through which the liquid

can circulate into the interior of the central pipe that contains

the radiation sources. With this polution a second advantage has

been attained: cooling of the sources can be done without a cool

water circulation with circulating pump.

Moreover, manipulation of the radiation sources is simplified

with the above-mentioned new design.
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Actually, loading or reloading with radioactive sources in the

plant of Geiselbullach requires several operations: the central

pipe has to be removed, special containers for the temporary

storage of-the sources are built in and then the transport con-

tainers are brought down. The sources from the transport contai-

ners are removed by a remote controlled manipulator and brought

to lateral boxes. Then the transport container is removed and

the central pipe must now be built in again. The sources are now

brought from the lateral boxes into the annular space of the

central pipe, and after the containers for the temporary storage

are removed, the concrete cover stab is put in place and the

procedure is concluded.

In the new plant the chamber will be enlarged on one side and

provided with a pit intended for the storage of the source

transport container. Thus, changing of the radiation sources

can be carried out during operation of the plant.

With the circulation within the irradiation chamber, piping for

the circulating system will be eliminated: as feed equipment a

heavy-sludge pump, of which the impeller extends into the central

pipe, would be more advantageous. In this way it is assured that

the sludge is always in the radiation field.

The irradiation shaft is designed in such a way, that the sludge

passes the source in a turbulent flow: this guarantees an equal

dosis of radiation for every sludge particle. Like the first

design, the operation of the plant is a^atch process, divided into

a number of steps. The sludge can flow into the irradiation shaft,

when the discharge valve receives an order to open from the con-

troller. The built-in central pipe is divided in two channels, in

which the sludge is forced to flow in opposite directions and as

we say, under turbulent flow conditions. The sludge
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circulates continuously in front of the sources during a pre-

determined adjustable period until it has absorbed the required

dosis. Optimum radiation utilization and dose distribution is

thus obtained. After the above mentioned period the automatic

control stops the circulating pump, the control discharge

valve of the.circulating system opens, and the suction pump

begins to operate. The irradiated sludge is then discharged into a

storage tank or drying bed where it remains for a certain time

for the sludge and water to be separated. The sludge level gauges

indicate when the shaft is free of irradiated sludge.-The drain

valves of the irradiation shaft and the circulating system

are then closed, and the operation described above starts anew:

it is fully automatically controlled and repeats itself in un-

interrupted continuous sequences.

The same description of the operating steps is valid for the

small installation although the efficiency is not as good as with

the large one due to smaller dimensions (slide 3 ! ) • A first

plant of this type is now located at the research field of the

Bavarian Biological Research Institute at Grosslappen.

Loading and reloading of the small plant with radioactive

sources happens directly from a special transport container, which

is brought on the irradiator: with the help of a remote controlled

manipulator the sources are then brought into the corresponding

places located in the central pipe.

In both installations the source rods are housed in the tightly

sealed annular space of the central pipe: as a result the source

rods are encapsulated triply. Consequently, they do not come into

contact with the sludge.

The activity of the sources is maintained at the desired level by

replacing the spent sources or replenishing them with additional

ones at regular intervals (for Go-60 replacement cycle of 1 - 2

years),according to an optimal loading schedule.
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Besides the technical and hygienic problems the economics

are. one of the most interesting questions for this type of

plant. The price of the radiation treatment depends mostly

on the price of the radiation sources (the plant can be loaded

with Co-60, Cs-137 and/or*old fission products).

For the plant in Geiselbullach the total costs were calculated
by Mr. Lessel of the Abwasserverband Arapergruppe (see paper
held from the author during the International Symposium on the
use of high-level radiation in waste treatment - Status and
Prospect).From the obtained results it can be seen that the
capital costs amount to between approximately 75 % and approx.
50 % of the total costs. In this connection it must be pointed
out, that the building costs for this existing plant are higher
than normal because of the works against subsoil water. It
should also be mentioned that considerable costs for control
equipment, which are necessary for 'the first plant only, are
included, "as well as costs for the double installation*of pumps
and valves and for replacements and improvements which are to
be found only in a pilot plant.

The total costs (capital and operation) for m3 treated

sludge amount:

fer a daily capacity of 30 m3/day DM 15.42

100 m3/day DM 5.84

150 m3/day DM 4-42
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For the small and for the new plant we have calculated the

following hygienization copts, which include all equipment

and operating costs and are based, for the big plant, on the

following parameters:

Operation time:

Maintenance costs:

Service life:

Capital charges
(Interest):

Personnel costs:

Sources:

8400 h/year

about 1.7 % of the invested capital
( — 10'000 SFr.)

20 years

8

annuity 10,2 %

no additional personnel required

market prices c.i.f. European plant.
Minimum activity without amortisation, but
with interest paid at the rate of 8 %

Price of the plants

Small: mechanical part, ready for operation, but without

civil works, max. throughput about 20 ra3/day

about SFr. 300*000.--

Co-60-Sources

Transport, erection and
Commissioning

Civil works.

Total cost per m3:

SFr. 155'000.~

SFr.
SFr.

SFr.

40
20

•000
•000

10

^ _*•

• ™" ™

.75

Large; Mechanical part:

Transport, erection and
Commissioning

Civil works

about SFr. 400'000.—

SKr. 10'000.

SFr. 250'00Q.

- 205 -



- /""""""""'"^i*: • •" ~ ? •- •

Daily Throughput:

Sources:

Activity Co-60

SFr./m3 (total
cost):

SFr.

Ci

30 m3

170'000

120'000

9.40

50 m3

275'000

195'000

6.60

100 m3

540'000

380'000

4.40

150 m3

840*000

595'000

3.80

200 m3

1'150'000

820'000

3.65

250 m3

l'300'OOO

930'000

3.50

Co-60-Price: 1.40 SFr./Ci

The average costs for the thermic treatment of sewage sludge are less than for hygienization

by radiation as far as the hygienic aspects are concerned. For example: by a daily throughput

of 100 m3, we "know that the costs amount at about DM 4,. 20.

The average advantage of the thermic treatment is at least partly lost if secondary effects

of the treated sludges are included in the cost calculation.
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Abstract

EXPERIENCE WITH DIFFERENTLY TREATED SEWAGE SLUDGE IN AGRICULTURE

Ihe application of sewage sludge in agriculture is Halted by the content

in anorganic and organic toxic substances) in addition sewage sludge must be

safe for men and animals. There is core and more a damand for destroying

pathogenes before sewage sludge is brought on land.

The treatment influences plant growth. In greenhouse experiments running

for 4 weeks, a decrase could be observed by several plant varieties after

the application of differently treated sludge. Irradiation gives a slight

decrease compared to the untreated material, while pasteurization showed the

lowest yield. The sensitivity of plant varieties to varying sludge amounts

end sludge treatment is different. The highest amount sensitivity vas observed

with rape plants and rye.

In pot experiments a significant influence could be derived from soil type

and water capacity, Vith a reduced water supply differences in the treatment

Is more significant. On the other hand after an application of 400 n'/ha sewage

sludge plant yield could be observed 10 i> higher than the control. In the

follov;i.ng yeaxe after application of sewage sludge there is still a further

effect but does not reach the control yield.

In field experiments the effects of the pot experiments could be proved. With

400 er/'aa. sewage sludge the plant yield of maize and spring wheat were about

the same at four locations as the control. The differences In plant yield

between the treatments are not significant. Irradiation leads to a slight

decline at nearly all 4.locations, while the pasteurization gives almost the

lowest yield.

Microbiological studies in the field after the application of sewage sludge

gives no significant differences in relation to the treatment. It is necessary

to mention that vith sewage sludge tremendous amounts of microbiological

activity is brought to the soil. The mineralisation of the organic natter in

the sewage sludge starts slowly and was increasing by time. The irradiated

sewage sludge showed at the beginning .a lower mineralization rate vhile

pasteurisation gives especially at the Iceinninjj a higher C02 release. After

3 months of experiment time the tendency changed: Irradiation gives the highest

Mount of released CO- which is followed by the untreated.and at least by the

pasteurized rows.
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1. Introduction

The control of pathogenes and viruses in sewage which should toe applied

to agriculture becomes more and more necessary. Therefore, the problem of

the influence of sludge treatment to soil and plants becomes more and

more important. The research program started in 1972 was directed to

the question: can irradiated sludge be applied to land for a longer

period without any difficulties? To answer these important questions

four kind of experiments were performed:

a) Germination experiments with different agricultural seed.

b) Greenhouses experiments to follow the effect on youth growth.

c) Pot experiments with increasing amount of sewage sludge.

d) Field trials at four different locations in Bavaria with diffe-

rently treated and increasing amounts of sewage sludge.

2. Material and methods

To test the effect with different soil types four locations were selec-

ted. The soil properties are summarized in table 1.

Table 1

The different soil types demonstrate the most important soil types in

Bavaria and belonging to regions where the application of sewage sludge

will be suitable.

For the experiments sewage sludge from the Geiselbullach plant was used.

The composition of the material and the effect of treatment is shown in

the contribution by Staerk and co-workers.

For testing the effect of sewage sludge to plant growth greenhouse

pot experiments were performed.
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T a p 1 e . 1

Chemical and physical soil analysis of the experimental locations

location

Puch
(Stsass-
feld)

5-10 cm

20-25 om

40-45 cm

60-65 em

(iTeuriss)

N> 5-10 om
0

^20-25 om

Neuhof

10-15 cm

40-45 om

70-75 om

Batunanns-
hof

5-10 om

20-25 cm

35-40 om

55-60 om

soil

clay

17.8

17.6

27.1

29.2

13.8

14.3

19.0

21.5

52.1

4.9
4.6
4.8
2.2

particles if")

silt

75.6
66.7

65.4
63.9

36.5

38.4

53.6

63.5

53.4

7.7
9.7
7.2
4.0

sand

6.6

15.7

7.5
6.9

49.7

47.3

27.4

15.4

14.5

87.4

86.7

88,0

93.8

pH

6.4
6.5
6.0

5.8

7.1
7.2

6.7
6.5
6.2

5.0

4.9
5.4
5.8

w3

0.2

1.0

0.1

0.6

0.8

1.0

0.2

0.2

0.5

0.2

0.04

0.3
0.6

density

1.45

1.33

1.49

1.52

1.25

1.27

1.51

1.57
1.68

1.31

1.34

1.47

1.57

total

pores
volume

48.1

49.5

45.2

44.2

52.4

52.1

42.3

40.5

34.8

50.0

49.1

45.8

41.9

porosity (vol.?£)

50 jum

12.4

14.7
8.0

6.1

19.2

21.1

4.8
6.2

3.9

14.2

13.0

21.4

17.1

10-0.2 jum

20.6

19.9

14.3

12.7

11.8

10.6

14.1

13.0

1.1

12.3

13.0

6.5

8.3

0.2 jum

12.9

12.4

20.8

23.7

14.6

14.2

19.6

18.7

28.0

5.8

6.3
2.8

4.1

permea'

water

(omfd)

233
838

372
181

175
406

11

248
82

775
1417

553
1045

bility

k

98
50
32

19

69
104

9
19
5

35
8

14
12

T-

12.9

13.2

16.0

17.0

16.3

18.0

11.4

9-8

18.4

7-9
8.4
2.4
1.2

(a
Ca

6.2

6.3
5.4
4.9

9.0
9.0

10.5

9.3
16.2

1.6

1.7
1.1

0.9

saturation

val/ 1
Mg

0.57

0.62

2.00

2.55

2.23

2.37

0.69

0.56

2.02

0.18

0.19

0.09

0.08

K

0.25

0.12

0.03

0.05

0.40

0.41

O.67

0.14

0.07

0.17

0.26

0.20

0.14

3011)
Na

0.09

0.06

0.11

0.04

0.04

0.06

-

0.01

0.06

0.01

0.05

0.01

0



The greenhouse experiments were carried out with 10 different agricultural

plant speoi.ee, different soil types and increasing amounts of sludge

to follow the effect for a period of four weeks.

Pig. 1
Greenhouse experiments for 4 weeks

The pot experiments were carried out with beans, barley and spring

wheat using increasing amounts of sewage sludge, different soil types

and varying Water supplies.

Field trials were performed for different locations, different applied

amounts of sewage sludge differently treated.

The control plots in the pot and field trials received an optimum fer-

tilizer application. All plots control and sewage sludge received

potassium.

In order to test the real treatment effect on plant growth vermiculite

was used as an artificial growing medium. The experiments in the green-

house were performed in plastic boxes (28x15x8cm).

3. Besults of the experiments with plants and soil

Germination experiments will indicate a first information on the

production of plant active substances by sewage sludge treatment.

The obtained results showed a significant delay in the germination

process at the beginning, but the differences are deminishing by time.

No significant differences occurred regarding to sludge treatment,

while there were differences in the sensitivity of different crop seed.

Effect of differently treated sewage sludge on youth growth

Using vermiculite as an artificial soil substitute a slight decrease

in the production of dry matter during a four-week-period could be
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Fig. 1 Greenhouse experiments with rape plant and

increasing amounts of irradiated sewage sludge
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observed with irradiated- sewage sludge compared to the control. The

pasteurization indicated in all experiments the lowest yield. Because

vermiculite has no sorption capacity, applied amounts of 100 to 200 ml/

per box already indicated an accelerated plant growth. Higher amounts

leads to a more or less significant decrease.

Fig. 2

Using soil as a growing medium the effect of sludge treatment and amount

is different and depends on soil properties as humus content, p_ and clay

content.

The results with two soil types (Baumannshof and Pueh) demonstrate that

in more than 20 experiments an increase in youth growth could toe observed

up to about 500 ml/per box in a light humus-sandy soil, while with a

loamy-clay soil 400 ml/per box is already an optimum.

Pig. 3 and 4

The relation to sludge treatment is in soil not the same as in vermiculite.

Effect of differently treated sewage sludge on nlant yield in pot
experiments

The effect of sewage sludge depends mostly en soil type and water capacity,

while sludge treatments do not indicate a significant influence.

With beans in the first year the effect depends on water capacity and

soil type. There is already a decrease in grain yield after 400

Table 2 and 3

and 600 m /ha with the soil of Puch, while soil Baumannshof react on

such applied amounts with a significant yield increase. The plant yield

is slightly influenced by the treatment.

1
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T a b l e 2

Pot experiments with beans and differently treated sewage sludge (1973). Soil: Puch; control » with-
out sewage sludge but with mineral fertilizer (0.31 g Pf 0.47 S K)J all pots with sewage sludge re-
ceived also 0.47 e potassium; total yield in dry matter, 4 replications.

•

Co

water
capacity

<*)

40

60

80

*

without sludge
= control
g/pot

57.3

94.7

115.2

89.1

untreated

130 m3 400 m3

100

100

110

104

66

93

107

93

Sunn

600 m3

54

84

103

86

heat-treated

130 m3 400 m 600 m 3

87

95

96

94

larized results

84

98

110

100

72

89

104

92

130 m

114

107

111

110

irradiated

3 400 m3

69

94

113

97

600 m3

67

74

95

82

untreated

95

treatment

heat-treated

95

irradiated

96

130 m 3

103

applied amounts

400 m 3

97

600 m 3

86



T a b l e
Pot experiments with beans and differently treated sewage sludge (1973). Soilt Baumannshof$ control
without sewage sludge but with mineral fertilizer (0.31 g P, 0.46 g K)j all pots with sewage sludge
received also 0.47 6 Potassium; total yield in dry matter, 4 replications*

water
capacity

40

60

80

0

without sludge
- control
g/pot

32.7

60.7

61.8

51.7

130

94
95
112

102

untreated

m3 400 m3

119

104

131

118

600 m5

118

88

124

109

130

107

89

109

101

heat-treated

m3 400 m3

117

102

122

113

600 m3

112

93

111

104

130

126

86

108

103'

irradiated

m 5 400 m 3

100

114

129

117

600 m3

139

100

115

115

Summarized results

untreated

109

treatment

heat-treated

106

irradiated

111

130 m 3

102

amount applied

400 m 3

116

600 m 3

109



Pig. 2

Average dry matter yield af different crops after 4 weeks

Vermiculite

3,0

2,5]

2,0

1,5

1.0

g/pot

"^untreated
control

v i r radiated
pasteurized

100 200 300 400 500 600 700 000
ml sewage sludge per pot



Average dry matter yield of different crops after 4weeks

Soil: Baumannshof .

5,0

4,5

g/pot

•untreated
irradiated
pasteurized

control

100 200 300 400 500 600
ml sewage sludge per pot



vie. 4

Averaqe dry matter yield of different crops after 4 weeks

Soil: Puch

4,5i

35]

g/pot
-untreated

pasteurrzed
irradiated

0 100 200 300 400 500 600
ml sewage sludge per pot



The relation observed In the greenhouse experiments could be followed

also in the pot experiments. Untreated sludge brought always the highest

yield followed by the irradiated onoe. The pasteurization treatment re-

sulted in the lowest yield.

On an average over three yearB the highest yield could be observed with

untreated sludge followed by the irradiated plots, while pasteurization

brought with only a few exceptions the lowest yield. In the first year

sludge anounts of 130 m/ha resulted in a yield equal to the control;

400 mvha causes mostly a yield , which is about 10 - 15 # higher than

the control. With 600 m /ha no more significant yield increase could

be found*

Table 4

It is worth to mention that the application of sludge was done yearly

with 130 nr/ha, while 400 and 600 vr/h& were applied once in a three-

year* s-period. The field trials are designed for the same scheme.

Effect of differently treated sewage sludge on •plant yield in field trials

Itaring two years .. field trials were already performed by strongly

varying soil conditions. The results indicated generally that nutrients and

minor elements from sewage sludge can be used and mineral fertilizer may

be replaced by sewage sludge.

Table 5

The yield in corn depends on soil type, climate and applied amounts of

sewage sludge. Sludge amounts of 130 m /ha resulted on an average of

about 10 # less yield than the control, while 400 nr/ha brought about

10 # and also on an average 30 % yield increase with 800 m /ha. These

observations could be made as well as for total yield and grain yield.

The relation to sewage sludge treatment is about the same as already ob-

served in the pot experiments. Untreated sewage sludge resulted in the
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Table 4

•
to
Co

I

Effekt of different sludqe amount on grain yield in relation of ths
water capacity of the soil

Pot trial 1973-1975
Control-100

Grain yield in g per pot

Soil: Puch

Water
capacity

40%
60%
80%

Average

Control
25,9
29.8
31,3
29,0

130 m3/ha
118
126
124 '

123

400 m3/ha
. 87

92
92

91

600m3/ha
89
82

87

Soil: Baumannshof

Water
capacity

40%
60%
G0%

Avcraqe

Control
17,1
23.4
225
21,0

130 m3/ha

140
119
125
127

400m3/ha
118
107
120
114

600 m3/ha

122
102
115
112



Table, 5'

Corn yield of Maize after a sewaqe sludqe application (1974)
Mineral f e r t i l i ze r 100

Soil
treatment

130 m3/ha
400 m3/ha
800 m3/ ha

Control dt/ha

untreated
pasteurized
irradiated

Average of
ad treatments

92,7
111,4

129,6

42,83

111,0
.105,5
107,2

Puch
StraGfeld

97,7
122,0
137,5

40,94

125,9
112,8
118,4

Puch
Neuri(3

71,6
104,1
121,0

56,17

103,3
97,0
96,5

Baumanns-
hof

103,4
111,1
117,5

42,77

110,0
112,0
114,9

Neu-
hof

88,2
114,2
103,7

31,45

106,8
99,6
104,7



£.! highest yield followed by the irradiated and pasteurized plots. Statisti-

cal analyses brought a significant difference between untreated and

pasteurized sewage sludge, while there is no significant difference bet-

ween the two treatments. It must be mentioned that the effect of treat-

ment is related to the soil type. The locations - Puoh-Neuriss and Ueuhof

are very sensitive to sludge treatment differ to the other two locations

Fuch-Strassfeld and Baumannshof.

Table 6

In the second year after sludge application there is still a considerably

high after-effect, but the yield 1B not as high as in the first year and

in relation to the control.

The applied amount of 130 nr/ha to spring wheat resulted in a 20 $ lower

yield than the control, while 800 m /ha resulted in a decrease of 10 $

as an after-year-effeot. It is interesting to state that the differences

between irradiated and untreated deminished, while pasteurization still

lies at the end.

Summarizing the effect of sludge treatment, sludge amounts and locations

over 2 years the same relation to the treatment could be found again,

but the differences between untreated and irradiated sewage sludge de-

minished*

The uptake of minor elements from sewage sludge increased with copper

and zinc.

Chemical analyses of the bean pot experiments indicated that there is

an increase in the uptake of copper and zinc by the bean plants. The

content in nutrients and heavy metals are not different to the control.

Tables 1 and 8

In the field trials the same relation for the availability of minor

elements to maize could be found as mentioned in pot experiments.
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Table 6

Corn yield of spring wheat after a sewage sludge application
Mineral fertilizer = 100 (1975)

I

to

Soil
treatment

130 m^/ha
400m3/ha
800m3/ha

Control d'c/hc

untreated
pasteurized
irradiated

Average of
all treatments

80
70
90

34,8

82
75
83

Puch
StraBfeld

78
101

33,5

95
84
89

Puch
NeuriG

71
63
82

33,7

75
69
76

Baumanns
hof

87
69
91

34,0

81
80
87

Neu-
hof

74
67
86

38,1

78
68
82



J
ft
E';.'

i

:;

control

64.6

59.8

4.2

3.4

T a b l e 7

Pot experiments with beans

soil: Baumannshof
Zn-oontent (ppm) in straw

untreated

150 m3/ha 84.3
400 " 118.3
600 " 118.8

£ 107.1

15.8

Zn-content (ppm) in

150 m3/ha 60.5
400 » 70.2
600 " 70.5

I 67.1

1.92

Cu-content (ppm) in

130 nr/ha 5.0
400 " . 5.1
600 " 5.6

t 5.2

0.60

Cu-content (ppm) in

150 m3/ha 4.9
400 " 5.4
600 " 5.3

£ 5.2

0.66

pasteurized

73.1
67.7
69.8

70.2

23.0

grains

61.1
70.0
66.5

65.9

2.8

straw

5.0
4.9
5.3

5.1

0.88

grains

4.8
8.3
5.9

6.3

0.96

irradiated

69.7
92.5
88.8

85.6

GDo.i H,
54.5

61.6
71.5
73.5

68.8

GD0.1 %
4.2

4.6
4.7
5.3

4.8

GD0.1 *
1.32

4.9
6.3
8.6

6.6

GD0.1 *
1.44

t

75
92
92

87

61
70
70

67

4
4
5

5

4.
6,
6.

6.

.7

.8

.4

.0

.1

.5

.2

.2

.9

.9

.4

.0

9
6
6

0
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T a b l e a

Pot experiments with beans

Boil: Puch
Zn-content (ppm) in straw

ccntxol

43.3 130 m3/ha
400 "
600 »

untreated

52.8
72.8
86.0

70.6

pasteurized

47.6
71.8
61.8

60.4

ixradiated

45.3
70.7
73.8

65.8

z
48.5
71.8
73.9

64.7

GD5 $> GD1 9
11.3 16.4

Zn-content (ppm) in grains

5 5
4.08 5.94

Cu-content (ppm) in straw

0.60 0.87

Cu-content (ppm) in grains

GD,

0,93

GD0.1
24.6

42.0 130 m5/ha
400 "
600 "

2

51.5
64.4
69.1

61.7

51.1
61.5
57.6

56.7

47.7
60.5
68.3

58.8

50.1
62.1
65.0

59.1

GDo.i
6.91

4.1 130 mVha
400 "
.600 "

I

5.4
5.8
6.1

5.8

5.5
6.3
6.0

5.9

5.4
6.2
6.5

6.0

5.4
6.1
6.2

5.9

0.1
1.31

6.2 130 m5/na
400 "
600 "

7.4
7.8
8.6

7.9

6.9
9.6
9.1

8.5

7.6
8.2
8.6

8.1

7.3
8.6
8.7

8.2

1.35

GD0.1
2.02
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. 5

Changes in water capacity in relation to sludge
application after 4 months

Soil: Puch ControU 100

I

K>

I

irradiated

untreated

SO

0 ,
control

130 400 600 m3/ha



Fig. 6

ft

Changes in water capacity in relation to sludae
application after 4 months

Soil: Baumannshof Controb 100

130i

120

110

100

SO'

pasteurized
irradiated

—•—''""untreated

0=
control

130 400 600 m3/ha



Ftg.7: Mineralisation of differently treated sewage sludge in various experiments after 3 months.

icoo

3000

2000

1000

B = Soil Baumannshof
P = Soil Fuch
N = Soil Neuhof

I [ untreated
1__J pasteurized
[•"1 irradiated

J]

n n n

jn Ln

. B I
1— Spring 74 - ^ -Autumn

N
SpringVS

-130m*/ha

B P
-Spring 74 pAutumn 74-

260rnVha

N
Spring 75

B
--Spring '74-A

B
•Autumn '74-~\

N
Spring'75

-390m3/ha



1

A slight increase in Zn-ejntent was found in the locations Baumannshof

and Neuriss. At Baumannshof a higher zinc-content is followed by an in-

crease in manganese and copper uptake. With increasing amounts of sewage

sludge up to 800 m /ha an increase in zinc and cadmium-content was ob-

served in all four locations* Chemical analyses of plants of the second

experiment year showed no remarcable differences in nutrients, minor

elements and heavy metals. Organic pollutansoccurring in sewage sludge

were not yet found.

After the application of sewage sludge some soil properties were influen-

ced. The stability of soil aggregates, the cation exchange capacity and

the field capacity are positively influenced by the applied amounts.

But there is also a strong influence by the soil type.

Fig. 5 and 6

When sevage sludge is applied to soil there is an immediately increase

in the density of soil micro-organisms. Because not all nutrients are

in a soluble form tha organic matter must be mineralized. This is measured

as C0_ release^ from treated soil. In laboratory experiments for their

mineralization intensity.

Pig. 7

The C02 release depends on the applied amounts and slightly by the treat-

ment. After a three-months-period the decomposition of the organio matter

in the irradiated sewage sludge is, especially at 300 m /ha slightly

higher compared to untreated but digested sludge. The effects with the

other amounts are similar. Soil microbiological studies indicated in

the field trials that untreated and irradiated sludge has similar effects

on soil fertilization. Conversely in all the examined properties (for

example total count, enzyme activity) there is a decrease in soil activity

with the use of pasteurized sludge. The most recognizable effect in all

the field plots is a decrease of amylase activity in comparison to the

oontrol. Other soil properties as for example C content, water capacity,
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and aggregates stability are also influenced by sewage sludge application.

In field trials with straw application sewage sludge can replace mineral

nitrogen and accelerate microbial decomposition of the organic material.

Summary

The application of sewage sludge in agriculture is limited by the content

in anorganic and organic toxi« substances; in addition sewage sludge must

be safe for men and animals. There is more and more a demand for destroy-

ing pathogenes before sewage sludge is brought on land.

The treatment influences plant growth. In greenhouse experiments running

for 4 weeks, a decrease could be observed with sevasl plant varieties after

the application of differently treated sludge. Irradiation gives a slight

decrease compared to the untreated material, while pasteurization showed

the lowest yield. The sensitivity of plant varieties to varying sludge

amounts and sludge treatment is different. The highest sensivity

was observed with rape plants and rye.

In pot experiments a significant influence could be derived from soil

type and water capacity. With a reduced water supply differences in the

treatment are more significant. On the other hand after an application of

400 m /ha sewage sludge plant yield could be observed 10 fo higher than

the control* In the following years after application of sewage sludge

there is still a further effect but does not reach the control yield.

In field experiments the effects of the pot experiments could be proved.

The differences in plant yield between the treatments are not significant.

Irradiation leads to a slight decline at nearly all four locations, while

the pasteurization gives almost the lowest yield.

It is necessary to mention that with sewage sludge tremendous amounts of

microbiological activity are brought to the soil. The mineralization of

the organic matter in the sewage sludge starts Blowly and was increasing

by time. The irradiated sewage sludge showed at the beginning a lower

mineralization rate, while pasteurization gives especially at the be-
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ginning a higher COg release <> After 3 months of experiment time the
tendency changed: Irradiation gives the highest amount of released C0?

which is followed by the untreated and at least by the pasteurized rows.
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CHEMICAL ANALYSIS IN SEWAGE SLUDGE AFTER DIFFERENT TREATMENTS

H. STARK*, A. ROSOPULO, R. HENKELMANN*, M. HAHN

Radiochemisches Institut der Technischen Universität München,

8046 Garehing

Bayerische Landesanstalt für Bodenkultur und Pflanzenbau

8000 München

Abstract

CHEMICAL ANALYSIS IN SEWAGE SLUDGE AFTER DIFFERENT TREATMENTS

The contribution deals with the following topics:

1» Coaparison of different analytical methods.

The multi element analysis of sewage sludge is performed by atomic

absorption and neutron activation analysis respectively. Different

ashing nethods for AA had been proved for nutrients as well as for

trace elements.

2. Changes in the mineral composition of differently treated

sewage sludge,

The differences in the composition of untreated and irradiated

sewage sludge were relatively small. Considerable variations of

ÏÏEL.-ÎT could be observed after pasteurization. The ratio of IIÊ -N :

total II aftor pasteurisation increased compared to untreated and

irradiated sewage sludge.

Depending on irradiation time we found also a decrease in Îffiy-N

related to control.

3. Effect of _dewatering_of_sewage<_ sludge congosition.

During the dewatering process soluble N-compounds and alkali ions

were eluated. In relation to sl\idge treatment no remarkable differences

could be found.

Considerations for a rapid determination of IT,. P, S, and Ca analysis

in sewage sludge will be given and experiments described.
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Introduction;

The element distribution in sewage sludge is of great interest i/hen

the digested sludge is applied to agricultural land.

Recycling sludge to the environment by' landspreading is an attractive method

of disposal because it returns nutrients such as nitrogen, phosphorus, and

potassium back to the soil. Sewage sludge also contains humus-like organic

matter that acts as a soil conditioner.

On the other hand one has to concern that metals in the sludge may

accumulate in the soil and can be taken up by the crops and become toxic

to man or animals consuming them. The group of metals generally regarded

as toxic are boron, cadmium, cobalt, chromium, copper, mercury, nickel,

lead, and zinc. Fortunately there are a number of barriers in the chain:

sludge-soil-plant-crop. In general they protect the crops from the toxic

effects of metals in sludge.

The sewage sludge application technique depends on-many factors as

soil condition, climate, crop type, cultivating teclmiqtie, and so on. Much

research must be done to evaluate all these factors before accurate pre-

dictions of metal uptake by crops can be made. Up to now there are only

a few careful studies in which the metal content of the crop has been measured

and compared with the background levels.

As a first step the metal content of sludges must be analysed so that

at least the quantities of metals in the sludge being applied to the land

are kown.

*To study these effects we performed analyses of mineral nutrients and

trace elements in sewage sludge from Geiselbullach over a period of about

3 years in relation to sludge treatment.
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Sample treatment and analytical techniques;

Generally, wastewater sludge is an amorphous, heterogeneous liquid con-

taining dissolved, colloidal, and suspended solids.

This complex matrix made it necessary to use and to compare different

analytical methods. The analysis of nutrients and metals in the sludge were

mainly performed by atomic absorption procedures with varying pretreatraent

techniques. In addition we used instrumental neutron activation analysis

(NAA) especially for analysing minor and trace elements and to control pro-

treatment steps employed in the analysis of trace metals by atomic absorption

spectrometry.

From 1975 to 1975 many sludge samples from the Geiselbullach Plant

were taken and analysed. The average dry matter content of digested sludge

ranges from 3 to 4 percent, its reaction is weak alkaline with about 50 fo

organic matter. All nitrogen analyses were performed with fresh sewage

oludge material by the Kjeldahl method; the amnonium analyses were carried

out also with fresh material after alkalization with 20 ;S Ka^CO, solution

followed by distillation and titration.

At the beginning of our experiments sludge samples were dried at 110°C,

since 1974 we only use freeze drying of digested sludge.

For the analysis of metals by means of 3-tomic absorption spectronobry

(AAS) we have to convert metal forms to ionic soUible forms. We compared 5

different pretreatment techniques to completely decompose the sludge:

1. A dry ashing method at 550 C and treatment with cone. HC1. The residue

was dissolved with water and filtered. From this solution the alkali ions,

the earth alkali elements and several trace elements were determined.

2. An open wet aching method with a mixture of M O , (1O):HC1O.(1):K_SO (0,2?)

in a Kjeldahl flask with gentle warming up to 190°C. After evaporation of

the acid mixture, the residue was dissolved in B2T0- and diluted.

5. A wet ashing method using an autoclave. The decomposition of sludge was

performed in a teflon beaker with cone. ESO^, at 190°C for 6 hours. Because

of the volatility of mercury, arsenic and selenium this digestion procedure

wan developed. Heronry was determined by flanelcns atonic absorption tech-

nique .

Comparing these different decomposition methods used for atomic ab-

sorption cpectrometry we can give some comments:

The dry ashing method is a standard procedure and can be used for the de-

termination of nutrient elements as P, Ca, Ilg, K and ITa as well as for the

trace elements 3?b, Cd and Cu. Deviations were found especially for Ma, Cr
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and Mi. For the determination of these trace elements a wet ashing method

should be applied. But some difficulties arise using an acid mixture con-

taining sulfuric acid for the accurate determination of Pb and Ca.

On the other hand the M A needs sludge samples without any chemical

pretreatment. Dried samples were irradiated for minutes or hours with re-

actor neutrons, and analysed after different cooling times by gamma spectro-

metry.

Results;

Generally the composition of sewage sludge from Geiselbullach during a

a period of about 5 years shows relatively low variations, in relation to

different treatments of the digested sludge (Table I, la, Ib, II - Illb).

Dry matter
content:

Total IT
HH.-1I:

P:

K:

Ca, Mg:

The dry matter content decreased from about 4 to 3 percent

in this period. We found greater fluctuations in dry matter

content without any characteristic seasonal relation as can

be seen in the relatively high values of standard deviation

for a sample analysis related to the mean value of about ten

analyses per year.

The total IT content of digested sludge from Geiselbullach

is in the range of 4«5 to 6 percent. Parallel with the de-

creasing of dry matter content we found a remarkable in-

crease of total IT content in the period 1973 to 1975.

Nearly the same increase has been found for the UH.-2T con-

tent in the range of 2.5 to 3 fo related to dry matter.

On the other hand the mean value of the phosphorus content

was very stable during the whole period at about 3 to 3«5

percent with greater fluctuations within one year.

The K content of digested sludge is in the range of 0.4 to

0.5 fo. There is a remarkable stabilization in the last year

as can be seen from the decreasing values of the standard

deviations.

The Ca content decreased from about 10 percent in 1973 to

8.2 in the last year, whereas the Mg content is stable in

the range of 1 ^
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Samp-
ling
date '

24.1.
7.2.

20.2.
5.3.

10.5.
20.6.
25.7.
28.9.
23.10

7,1.
74

' TABLE I COMPOSITION

Dry
matte i
J.10°C

r»
3,99
7,67
3,57
2,91
3,14
4,79
3,47
3,50

.3,69
2,97

Mean 3,97
value
Stan-35,5
ciard
devia-
tion

Residue
* 5bO°C

57,
65,
60,

49,
69,
53,
59,
5 1 ,
49,
58,

57,

12,

9
3
8

1

9
4
4
1

3
2

4

0

pH-
.value

7,
7,
7,
7,
8 ,

7,
7,
8 ,

7,
8,

7
4
6
6

5
7
4
1

3
6

OF

Total
N

4 ,
2 ,
5,
5 ,
5 ,
4 ,
4 ,
6 ,
5 ,
7 ,

S>,

24,

06

95
04
95
41
07
l i ;

31
37
07

04

6

UNTREATED'SEWAGE

HH+-N

2,36
1,34
2,83
2,99
3,18
2,09
2,44
2,26
2,22
3,70

2,54

25,9

Non
NH*-N

1,
1,
2,
2 ,
2,
1,
1 ,
4,
3 ,

• 3 ,

2,

70
61
21
96 '

23
98
68

05
15
57

50

V

2,
4,
4,

2 ,
2,
3 ,
2 ,
3 ,
3 ,
4,

3 ,

22,

61
30

65
85
68
10
96
Sd

76
70

54

9

SLUDGE

Co n

•X

0.55
0,31
0,64
0,85
0,37
0,26
0,29
0,23
0,28
0,41

0,4<<

47,6

FROM

t e

Ca

1 1 ,
12 ,
1 1 ,

8 ,
8 ,
8,
8 ,

10 ,

9,

1 1 ,

1 0 ,

15 ,

n

8

3
9
9
2

7
4
2
9
4

7

5

THE GEISELBU11ACH

t

•J

0
1
1
0
1
0
1
1
1
1

1

9

i

Mg

• 95
.00

.04

.95

. 0 1

.98

. 0 1

. 0 0

. 0 0

. 2 8

, 0 2

, 8

n

Na

0.
0.
0.
0 .

o,

23,

"P

25
14
21

23

21

1

:^F.e

0,59
0.55
0.62
0.58
0.69
0.81
0.62
0,76
0,83
0.85

0,69

16,6

SEWAGE

Zn

0.32
0.27
0.37
0,39
0.36
0.38
0.34
0.36
0.38
0.47

0,36

13,3

I WORKS DURING 1973

T r

Mh

258
282

257
192

167
178
174
213
217
247

221

19,7

a c e
i .

Cu

353
262

353
406
454
429
512
430
541
475

422

19,6

e 1
a ;.p
Pb

199
131
173
186
188
198
228
210

214
220

195

14,4

e m e n t c1

p m.
Cd

23.3
17.2
25,2 '
26.5
24-4
25.4
43.0
25.0
27.0
33.0

27,0

25,3



IABEE l a : COMPOSITION OF UNTREATED SEWAGE SLUDGE. FROM THE GEISEEBKLIACH SEWAGE WORKS DURING 1974

Samp-
ling
date

16.4.

20.5.
19.6.

30.7.
6.8.

8.10.
18.11

20.11

5.12

Mean
value

Stan-

Dry
matter
110°C

7,26

2,24

2,07
1,85 •
2,61

3,04-
. 5,90

. 4,92

. 2.65 '

3.62
••

53,5
UclJTCl

devia-
tion

Resid
550°

49,

52,
52,

56,
48,

55,
48,

47,
49,

51,

6,

ue

0

8

5
5
0

0

3
9
6

1

3

F

4,
3,

3,
3,
3,
3,

3,
2,
3,

3,

LI,

20

59
86

32

33
36

17
86

16

43

75

C 0

K

0,26

0,52

0,51
0,56

0,47
0,49
0,33
0,32

0,55

0,45

25,1

n t

Ca

11,
7,
8,

7,
10,

7,

. e

1

6

7
5
2

9

9' 3.'
9,

7,

8,

14,

0

7
78

35

n t

Mg

1,03
1,08

1,11

1,13

1,21
1,02

1,06

1,06

1,06

1,08

5,4

i n

Na

0,12

0,33

0,31

0,35
0,26
0,21

0,16

0,14

0,25

0,24

35,7

0

0
0

0

0

0

0

0

0

0

7

Fe

,57
,60

,60

,61
,60

,66
,66

,57
,72

,62

,95

Zn

0,

0,

0,

0,

0,

0,

0,

0,

0,

0,

8,

35
40

42
43
40

32

39

39
38

39

77

T r

to

195

159

167
150

16*
211

192

197
221

184

13,

a c e

Cu

296

379
365
372
411
262 '

347
335

277

338

5 14,9

e 1

Pb

131
116
120

120

148

86
132

113
108

119
181*

14,5

e 'm

Cd

18,

16,

19,
20,

26,

12,

24,
22,

15,

19,

22,

e

4
7
0

4 .
2

6
1

4
3

5

1

n t 1

Co

4
5
5
5
5
-3
5
5
4

4,6

16,0

" " I ri
Cr

95
168

154

154

171.
70
112

96

90

123

31,1

P

Hi

26

29

29
29

42
22

33
37
.26

30

20,2

p m

Hg

-

4,3
4,7
5,4
-
3,2
-

-

-

4,4

20,9

1 *) Corrected value for open wet ashing method



TABLE Ib: COMPOSITION OF UNTREATED SEWAGE FROM THE GEISEIBUILACH SEWAGE WORKS DURING 1975

Samp-
ling
date

7.1.
8.4.

5.5.

27.5.
26.6.

25.7.

L2.8.

21.8.

20.10.

7.1.
76

Ilean
value

Dry
matter
110aC

2,85

2,94

2,56

4,57
2,34

2,76

3,08

3,30

3,30

2,90

3,06

Stan-19,9

dard
devia-
tion

Resi-
due
55O°C
ft

55,5

43,9

44,1

52,2

41,7

42,8

44,0

44,8

45,0

42,7

45,7

9,8

C
Total

• N-

4,49

6,05

4,90

7,05

6,23

5,88

5,76

6,24

7,24

5,98

14,9

o n t
HHJ-M

2,86

3,79

1,47

3,29

3,04

2,78

2,54

3,18

4,48

3,04

27,3

e n t
Non
NHj-N

1,63

2,26

3,43

3,76

3,19

3,10

3,22

3,06

2,76

2,94

21,9

i n
P

3,04

3,25

3,05

4,65

2,57
2,85

3,53
3,43
3,56

2,66

3,26

18,4

K

0,47

0,36

0,47

0,30

0,45

0,46

0,36

0,38

0,41

0,37

0,40

14,4

Ca

7,1
8,4

8,4
10,6

7,0
7,9
9,1

8,7
8,1
6,6

8,2

14,2

Mg

0,95

0,95

1,03

0,98

1,00

1,02

1,22

1,00

1,11

0,84

1,01

10,0

Na

0,

0,

0,

0,

0,
0,
0,

0,

0,

0,

0,

19,

18

19

25
15
29
27
21

22

2o
24

22

5

Fe

0,

0,

0,

0,
0,
0,

0,

0,

0,

0,

0,

5,

64
55
56
57
53
59
57
57
65
56

58

6

Zn

0,33

0,56

0,37

0,34

0,40

0,41

0,43

0,38

0,42

0,33

0,38

9,9

T r
Van.

194
156
157
206

134
148

149
155
161

164

162

L3.3

a c e
Cu

284

305
302

269
357
354
342
351
375

. 324

326

10,7

e 1
Pb

92

119
132

113
105
151
134
133
135
88

120

183*

17,0

e m
Cd

15,4
20,2

20,8

17,5

23,4

25,0

23,9

•24,0

19,0

9,4

19,9

24,3

e n
Co

5
5
4
5
5
3
6
4
5
4

4,6

18,3

t s in ppn
Cr • Hi Hg

101

110

103
90

81
96

87
92

• 9 4

(33?)

95

9,3

24 3,1

27 -

28 -

23 .-

21 -

23 -

25 -

22 -

32 -

29 -

25 -

13,8

*) Corrected value for open wet ashing method



TABLE II: COMPOSITION OP IRRADIATED SEWAGE SLUDGE FROM THE GEISEIrBUIIACH SEWAGE VraRKS DURING 1973

Sanm—
'ling
date

24.1.
7.2.

20.2.

5.3.
10.5.
20.6.

25.7.

29.9.
23,10

7.1.
74

Xfean
vain©
Stan-

Dry
matter
110°C

55

3,75
8,63

4,27

2,83
3,65

2,97

3,49
3,21
.4,30

5,15

4,23.

40,2

Devia-
tion

•Residue
55ODC

52,9

45', 4

58,5
47,7
62,2

50,8

59,3
48,0

49,1
54,4

52,8

10,7

pH-
value

8,0

7,8
8,1

7,9
8,8

7,6
8,0

8,3

7,3
8,5

Total
N

5,08

2,87
4,61

5,51
5,07
5,22

4,58

6,48

4,98
4,08

4,85

19,4

NH+-N

2,55
1,40

2,25
3,32

.2,74
2,69

2,46

2,40
2,02

2,14

2,40

21,1

N(j>n '

2,53

1,47
2,36

2,19
2,33

2,53
2,12

4,08

2,96

1,94

2,45

2,29

4,66

5,11

3,14
2,68

3,07

2,94
2,82

3,90.
4,70

3,52

27,9

C
' K

0,64
0,30

0,59
0,78

0,32

0,29

0,33

0,24

0,25

0,45

0,42

44,9

o n .t-.e

Ca

10,19

11,52
11,17
7,92
8,20

9,00

8,38

8,60
10,80

11,30

9,71

14,7

.n.t

Mg

0,

1,
0,

o,
o,
If

If

If

If

If

1,

12,

98

01

96
88

96
02

03
10
00

35

03

3

;in i

Na

0,
0,

o,

o,

23,

15
19
24

19

3

Fe

0,46

0,51
0,56

0,56

0,63
0,80

0,61

0,79
0,83

0,94

0,67

23,9

Zn

0,

0,

0,

0,
0,

0,
0,

0,
0,

0,

o,

16,

36
27
34
41
36

39
36
41
4o

51

38

2

T r
i-ln

218

277
254
169
168

177
166

188

223
278

211

20,9

a c e
Cu n

396
267

. 321

399
462

421

510

484
530
520

431

20,3

e 1

185

133
179
217

184
202

226

226
221

237

201

15,6

JJ m en-

27
17
23
28

24
25
45
28

29
40

28,6

28,6



TABtE Ila: COMPOSITION .OF .IRRADIATED SEWAGE SLUDGE FROM THE GEISELBUILACH SEWAGE WORKS DURING 1974

Samo-
lins
'date

16.4.

20.5.

19.6.

50.7.

6,8.

8.10.

18.11.
20.11.

• 5.12.

I-Iean
value:

Stan-

devia-
tion

Dry
natter
110°C

55

7,
2,

1,
1,
1,
3,
6,

5,
2,

3,

61,

47
14
87
93
50
24
72
72
87

72

7

Resi-
due n
5>5O°C
*

51,
52,
56,
54,
46,
56,
48,
49,
47,

51,

7,

A.

0

5
5
5
3
0

6
9

4

2

Total NHt-N
N 4

4,14 1,59

Non
HH4-H P_

2,55 4,00

3,73

3,30

3,24

2,88

3,38

2,72

3,10

2,97

3,25

12,5

0,
0,

0,

0,

0,

0,

0,

0,

0,

0,

24,

C

K

27
43
50
62
60

46
39
55
53

46

9

o n

Ca

10,

9,
8,

7,
9,
7,
8,

8,

7,

8,

9,

t

0
1

1

7
4
6
2

6
8

5

9

e n t

Mg

0,
1.
1,
1,
1.
0,

1,

1,
1,

• 1 ,

10,

92
06
04
16
51
96
08

08

02

07

7

i n

Na

o,
0,

o,
o,
o,
o,
o,
o,
o,
o,

42,

11
24
33
43
37
20

17
16

25

25

2

*

Fe

0,
0,

o,
o,
o,
o,
o,
o,
o,
o,

6,

61
68

60

59
60

66
60

61

69

63

2

Zn

0,37

0,48

0,43

0,43

0,42

0,31

O..37

0,37

0,34

0,39

13,5

T r

Ito

202

171
147
15*
15*
210

195
203

214

183

H,9

a c

Cu

313
.391

377
382

419
2s8
315
307
274

337

16,

e e

p-b"~

154
156
140
116
155
85
100

98
98

US
180*

7 20,4

1 e

ca

20,

20,

19,
20,

25,
12,

16,

17,
14,

IS,

20,

,t

2

7
3
8

0

6
1
0

6

5

4

2 e n t s

Co Cr

5
5
5
6
6
5
4
4
4

4,9

16,0

100

184

163
160

168

77
84-

85
77

122

37,2

in ppr

Hi Hg

28

31
30

31
28

27
29
28

25

29

6,8

_

4,3
5,0
4,8
-
3,e
-
-
-

4.E

3.2/

1 *) Corrected value for open wet ashing Method



5

amp-
ing
.ate

7.1.
8.4.

5.5.
!7.5.
•6.6.
:5.7.
.2.8.
a.8.
:o.io
7.1.
76

Dry
matter
110° C

2,53-
2,79'
2,5^-
4,52
2,03-
2,78'
2,96'
2,92-

.3,51-
2,93-

Mean 2,95
value:
Stan-22,7
cisrci
devia-
tion

TABLE

Resi-
due.
55O°C

56,0
40,7
45,4
51,2
41,3
43,7
41,4
43,4
44,5
42,0

45,0

11,0

lib:

Total
N

5,
5,
5,
6,
6,
6,
6,
5,
7,

6,

LI,

Corrected value

05
73
09
60
40
18

51
75
17

05

7

COMPOSITION. OF

NH+-N

3
3
2

3
2

4
2

2

3

3

23

» for

, 2 3
,79
,17
, 6 0

,84
, 6 3
, 8 3
,59
,75

, 27

, 0

open

Non
NH+-N

1

1

2

3
3
1

3
3
3

2

28

, 8 2

,94
,92
, 0 0

,56

,55
,68
,16
,42

,78

,9

F

2 ,
2 ,

3 ,
4,
2,
2 ,
3 ,
3 ,
3,
3 ,

3 ,

IRRADIATED SEWAGE S1TOGE FROM

71
83
13
45
39
70

31
13
59-
20

14

18,3

wet ashing

0
0

0

0

0

0

0

0

0

0

0

1 1

C

K

,49
,36

, 4 1
,33
,44
, 4 3
,39
,40

,35
, 4 1

, 4 0

, 7

o n

•Ca

6,
7,
8,

1 0 ,

7,
7,
7,
8 ,

8 ,

7,

8 ,

14,

method

5
9
0

7
0
6

9
7
6
1

0

7

t e n

Mg

0,89
0,94
0,99
1,02
1,00
0,97
1,10
1,05
1,08
0,92

1,00

6,9

t i n

Na

0 ,

0 ,

o,
o,
o,
o,
o,
o,
0,

o,

o,

18,

18

19
20

17
28

24
21

23
17
26

21

0

J.X1

Fe

0 ,

0 ,

0 ,

0 ,

0 ,

0 ,

c,
0 ,

o,
c,

o,

7,

64
58

57
58
50

59
59
58
66
56

59

4
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Zn

o,
0 ,

0 ,

P,
0,
0 ,

0 ,

0,
0 ,

0 ,

0 ,

9,

34
39
37
35
38
42
45
40

45
38

39

6-

T r

Mn

182

155
160
196
133
147
145
145
165
184

161

L2.7

a c e e_

Cu Pb

309 94
333 B2
303 135
285 127
385 97
355142
352145
366 146
378 138

(600) 95

341 125
ISO*

10,3 17,1

l e

Cd

16,
2 1 ,

2 0 ,

19,
2 2 ,

25,
23,
26,

19,
1 0 ,

2 0 ,

2 2 ,

WORKS

E

7
9

3
6
2

8

4
0

6
4

6

3

e i

Co

6

5
4
5
4
4
5
6
6

4

4,9

17,9

DURIliG 1975

i t s

Cr

113
118

95
91
82

93.
90

88
32

(430)

96

12,4

in ppm

Ni Hg

28 3,7
28 -
34 -
24 -
22 -
24 -
26 ' -
29 - .
50 -
34 -

28

14,6
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TABLE III

Dry Residue
aatter 55O°C
110°C

3,

7,
3,

2,

3,

2,

3,

3,

4,
4,

Mean 4,
value

Stan-34
dard
devia-
tion

93

52

71

73

65

67

42

78

60

61

06

1,0

59,

61,

57,
50,

63,

51,

.59,

52,

52,

59,

56,

8,

3
8

4
2

3

3

9

6

6

4

8
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pH-
value

7,
7,
7,
7,
8,

7,
7,
7,
6,

8,

6

4
5
6

0

4
4
8

9
1

Total
N

4
3

4
6

4
4
4
4
3"
4

4

18

,68

,31

,24

,45
,79
,49
,77
,66

,70

,77

,59

,1

NH

N

2,

1,

2,

3,

3,

2,

2,

1,

1,

2,

2,

32,

+
4"

60

84

94
77
56

62

81

64
11

82

57

3

Npn
NH^-N

2,

1,

1,

2,

1,

1,

1,

* 3,

2,

1,

2,

08

47
30

68

23

87

96

02

59
95

02

P

2,

8.

4,
2,

2,

3,

3,

3,

2,

4,

3,

44,

06

11

56

89

85

60

10

24

98

00

74
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X
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o,
o,
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o,
o,
o,
o,
o,
o,

0,

50,

0
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29

67
84

39
24
35

24

22

35'

42

0

SLUDGE

a t e n

Ca

12

10

10

8

8

9
8

9
9
9

9

12

,54

,03

,70
,86

,90

,20

,23

,20

,80

,00

,63
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o,
o,
1,

1,
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1,

1,

1,

1,
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g Na

99

98

97
95
03

12

95
00

00

10

01

9

0,

o,
o,

o,

27,

14

12

20

15

1

Fe

0,

0,

0,

0,

0,

0,

0,

0,

0,

0,

0,

21,

58

53
60

59

66

96

60

82

86

80

70

2

Zn

0,

0,

0,

0,

0,

0,

0,

0,

0,

0,

0,

12,

33

27

35
41

37
33

34

39

42

41

36
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T r

Mh

265

262

231

191

182

219

166

197

205

222

214

15,2

a c e
" -i n
Cu

361

271

350

418

458

408

489

448

533

406

414

18,1

e 1
P'P
Pb

162

129

194
207

188

183

212

210

232

188

191

15,1

e m e n ts
m
Cd

23

19

27

28

24

17

42

24

30

31

26,5

26,1



TABLE I l i a : COMPOSITION OF HEAT-TREATED SEWAGE SHJDGE FROM THE GEISELBUEDACH SEWAGE WORKS DURIKG IB'//,

. Sanp-

date

16.4.

20.5.
19.6.

30.7.
6.8.

8.10.
18.11.
30.11.

. 5.12.

Mean
value

Stan-

Dry-
matter
110°C
55

7,26

1,99

2,05

1,65 •

2,57

2,35
2,66

2,29

2,85

2,92

57,7
dard
devia-
tion

Residue
550 C

51,7
53,0

51,0

54,8

47,6

54,3
48,1

47,5
49,1

50,8

5,6

P

4,55
3,42

3,83

3,57
3,30

3,44

1,97
2,33
2,06

3,16

27,4

.Co

K

0,26

0,55
0,54

0,61

0,47

0,45

0,31
• 0,36

0,51

0,45

25,9

n t e

Ca

10,4

8,5
8,7
7,9
9,9
8,0

8,1

9,4
7,8

8,7

10,8

n

M

o,
1,
1,

1,

1,

1,
1,

1,
1,

1,

9,

t

g

91
08

12

18

24
01

17
26

09

12

2

i n ' #
Na

0,11

0,40

0,37

0,37
0,26

0,21

0,25
0,20

0,23

0,27

35,8

Fe

0,59
0,60

0,59
0,60

.0,61

0,68
0,58

0,69

0,71

0,63

8,0

Zn

0,36

0,46

0,41

0,44
0,41

0,33
0,40

0,43

0,35

0,40

11,0

T r
Hn

210

158

165

163
162

218
196

225
228

192

L5.5

a c e
Cu.

290

379
360

389
422
248
371
412

279

350

17,8

e 1
Pb

127
120

119

117
160
86
122
176
96

125
190*

22,5

e m
Cd

18,

19,
18,

21,
26,
13,
26,
30,

14,

20,

28,

e

3
0

1
0

4
0
6

4
3

8

3

n t
Co —

4
5
5
5
5
4
5
6 "
4

4,8

14,0

s i

-f-Cr-

95
170
156
165
165
70

85

125
82

123

32,7

•n
Ni

27
29
30
30

30

27
.55
33
28

30

8,9

P P m

Hg

_

4,
5,
4,
-

3,

4,

11,

8

1
8

9

7

2

*) Correc ted v a l u e f o r open a sh ing method



TABLE Illb; COHPOSITIOiM OF HEAT-TREATED SEWAGE S1UDGE FROM THE GEXSEIBUIIACH SEWAGE WORKS DURING 1975

Samp-

date

7.1.
8.4.
5.5.

27.5.
26.6.
25,7.
21.8.

.20.10

7.1.
76

Mean
value

Dry
mat
110

2 ,

2,

2 ,

4,
2 ,

2 ,

3,
. 5.

2 ,

Resi-
terdue
tfC 55O°C

1"

61

97
58
62
16
74
0 2

36
96

3,22

Stan- 32,
dard
devia-
tion
1=

6

57,0
43,9
45,6
51,3
43,3
44,1
44,0
45,0
43,2

46,4

10,1

Total
IM

4,
6,
4 ,
7,
6,
6 ,
5,
7,

S,

17 ,

61

20

96

27
35
62
00

09

01

1

m.
W

3,
3,
2 ,

3,
3,
3,
1 ,

4 ,

3,

25,

03
76
27
93
43
15
77
05

1 8

6

Non
MH4-N

1 ,

2 ,

2 ,

3,
2 ,
3 ,

3 ,
3 ,

2 ,

2 1 ,

58
44
69
29
92

47
23
04

83

4

P

2,92
3,30
3,18
4,10
2,63
2,80
3,43
3,46
3,46

3,25

13,5

C

K

0,50

0,41
0,41
0,53
0,45
0,42
0,39
0,30
0,42

0,40

14,8

o n t

Ca

6,5
8,6
8 , 1
9,6

7,1
8 , 0

9,5
8,4
8,5

8 ,3

12,2

e n t

Mg

0,96
0,97
1,02
0,96
1,02
1,02
1,02
1,14
0,96

1,01.

5,7

i Ti

Na

o,
0.,

o,
o,
o,
o,
o,
o,
o,

o,

2 2 ,

i l

22

20

17
29
24
22

13
27

22

4

Fe

0,62
0,56

0,57
0,60

0,55
0,59
0,58
0,65
0,66

0,60

6,5

Zn

0,33
0,37
0,37
0,37
0,41
0,41
0,39
0,45
0,40

0,39

8,8

T r

Ito

189
163
162
187
138

155
155
163
190

167

10,8

a c e

Cu

283
309
297
318
368
356

357
370
354

335

9,9

e 1

Pb.-,,

9 1

132

1 2 8

129
105
149
1 3 2

1 3 8

114

124
189*

14,3

e m e

15,3
20,3
20,9
20,4
23,7
25,8
24,2
21,5
12,2

20,5

21,1

n

Co

5
4
3
5
5
4
4
5
4

t s

Cr

104
106

89

105
83
85
85
99

(450)

4,3 95

16 3 10,

i n

Ni

23
29
24
28

23
23
23
32
35

27

6 17

•V .P B

Hg

3,7
-
-
-
-
-
-
-
—

-

, 1

*) Corrected value for open wet ashing nsthod



TABIiE IV: CHANGES IN. NH£..CONTENT ($S) RELATED TO TOTAL N,(=1OO

'\t SMAGE SLUDGE .TREATMENT IN 1973 AND 1975

DEPENDING ON THE

Sampling Date

1973 1975

.4.1-.;
10.1

24.1

7.2 8,4
20.2 16,4

5.3 5.5
10.5 • 27.5

^ 20.6 26.6 .

* 25.7. 25.7
28.9 21,8
23.10 20.10
26.11.

7.1. 7.1.76
74
Average

Standard
deviation

(tf)

Untreated

i° NtfJ-N/total-N
1973 1975

, 51.9
48,7

. . 58,1

; 45,4
. 56,2

•: 50,3

58,8

•;' 51.4 .
59,2

' 35,8 •

41,3
50.1

52,3

50,7 + 6,1

13,6

_

-
-

63,7
. 48,4
62,6
30,0

46,7 •

48,8

44,1
51,0
-

' 61,9

9 50,8 + 10,8

21,3

" Irradiated

$> Ntfjj-N/total-N
1973 ' 1975

.' -

50,2
48,8
48,8

60,3
54,0

51,5
53,7
37,0
40,6
51,2

52,5

49,9 + 6,t

12,8

-

64,0

38,4
66,1
42,6 :

54,5
44,4
43,5
45,0
-

52,3

|. 50,1 + 9,8

19,6

Heat -

1973

60,0
58,8
55,6

.55,6

69,3

.58,4
- 74,3
• 58,4(68,

58,9
35,2
30,0
_

59,1

57,1 + 12,

21,5

trea ted

total-N

1975

-
—

65,7
53,3
60,6
45,8

3) 54,7
54,0

47,6

35,4

57,1

3 52,7 + 8,9

16,8
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Ha, Pe, Zn: The Ha content of 0.2 $ is about one-half of the K content;

for Fe we found a snail decrease from 0.7 to 0.6 percent.

The Zn values are very stable at about 0.4 $ in dry matter

during the whole period.

Particularly the content of toxic trace elements in the digested sludge

from Geiselbullach is low compared to other treatment plants and is there-

fore very suitable for an agricultural recycling. The values are in the order

of Chaney's recommendations, given in 1975 f° r a sludge considering appro-

priate for land application.

Mn

Cu

Pb

Cd

Cr

Hi

Hg

Ag

Trace element concentration

Geiselbullach (1975-75)

about 200 ppm

" 400 "

n 200 "

•• 50 ti

•• 1 O o »

11 30 »

» 4 - 5 "
" 20 -50 "

Chaney (1973)

800 ppm

1000 "

10 "

100 "

15 "

We are able to analyse 10 to 20 further trace elements by means of AAS

or ITAA respectively.

As mentioned before, there is an relation of the total IT content and

dry matter. The analyses of about ten different samples during the period

of one year shows, that there is an absolute reverse relation between the

dry matter content and the total-N content in the sludge. This depends main-

ly on the decrease of soluble 1IH.-IT content during de-watering process. The

same aspects can be evaluated after irradiation or heat-treatment proce-

dures-

Table IV The results show the effect of sludge sedimentation and treatment

on mineral elements in sludges. During the dewatering process there

is a significant decrease of the content of alkali elements in ce\;i::_:

sludge. Only caall changes are found for the elements Fe, lin and Ctl.

Thero is no significant influence on the treatment of sludge. Ac de-

monstrated with these data presented, there are no remarkable effect:

of sewage sludge treatment on nineral composition. The contents of



trace elements are nearly unchanged. But one aspect can be evaluated

considering the ratio MH.-1T to total-IT. The ratio MI.-l^total-N is

rather independent from seasonal changes in dry matter or total-N

content of sludges.

Further developments in sewage sludge analysis:

We have made preliminary theoretical and experimental investigations

to find optimized conditions in the determination of nitrogen and phosphorus

by instrumental neutron activation analysis. The major requirements were to

develop an automatic method for the simultaneous determination of If and P

(and eventually K) in sewage sludge. The investigations have shown in parti-

cular, that interference from silicon, potassium and chlorine must be taken

into account in the determination of nitrogen and phosphorus.

The method is basing on the activation by 14 MeV-Neutron fron a sealed-

off neutron tube, inducing the following reactions

141I (n, 2n) 15H T = 9.96 min
51P (n, 2n) 5°P T = 2.5 min

Both nuclides formed by this activation are positron emitters, which are ana-

lyned by measuring the 511 keV annihilation gamma radiation and by determining

the half-lives from the decay curve. After an irradiation of 2 min with an 14
9 -2 -1

MeV-Neutron flux of 2x1o n an s the 511 keY peak is measured 2 min respecti-

vely 12 min after the irradiation for 1 min to evaluate the activity ratio

of P and If accurately.

Neutron activation analysis can provide a high throughput of samples per

day. As the concentration of analysed elements is rather high (from about one

to ten percent), this analysis is a comparatively simple task for activation

analysis. This automatic method permits an accuracy of + 5 percent for nitro-

gen and + 5 to 10 percent for P (and K ) .
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CONCLUSIONS AND RECOMMENDATIONS

The first separate meeting of Working Group 1B of the European Society
of Nuclear methods in Agriculture on "Waste Irradiation" was held in Munich
from 8 to 11 June 1976.

The most recent advances and prospects in the utilization of ionizing
radiation in the re-use of sewage waste and control of environmental
pollution resulting from municipal and industrial waste discharge were
discussed.

The meeting was attended by 40 scientists and delegates from research in-
stitutes, universities, industries, and governments from in and outside
Europe. During the four days a total of 19 papers were presented. They
dealt with radiosensitivity of micro-organisms, disinfection and micro-
biological control, physical and chemical modifications of aqueous pol-
lutants, technological and economic aspects, pilot plant design and
operation experiences. All presentations were followed by fruitful
discussions. The following conclusions and recommendations were made:

I. On disinfection

Disinfection of waste waters and sewage sludge, as a concentrate of micro-
organisms, is considered of primary importance not only in view of the
public health implications but also to meet the increasing need for re-
use and recycling of water for agriculture and industries. Researches
should be promoted on the use of radiation in recycling systems of pro-
cess waters in agricultural, food, textile and other industries.
A. Considerable progress has been made in clarifying the radiosensi tivi ty
of microorganisms under natural environmental conditions.
Directly pertinent to the radiation treatment of sewage sludge are:

1. Bacteria
A radiation dose of 350 krad of gamma-radiation (60Co or 1 3 7Cs) is proved
to kill sufficiently a pathogenic bacterial load of about 101*
Salmonella per kg sludge. This number is usually found in sludge.

2. Viruses
Reports were made on laboratory experiments dealing with radiation of
Polio-virus and on FMD viruses (Foot- and Mouth disease in pigs).
Extensive studies are necessary on the radiosensitivity of viruses under
practical conditions. For inactivation of viruses much higher doses are
required than for the killing of bacteria. Therefore treatment with
radiation alone is not so promising. A thermo-radiation treatment and
the possible use of a virocidal agent, which was found to exist in the
digested sludge, seems promising. Public health implications of various
types of viruses are not well established. Hence, there is a distinct
need for fundamental studies on the essential features of viruses e.g.
life cycle etc. and their involvement in public health under practical
condi tions.
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3- Parasites
Most of the parasites and their eggs, which are resistant to conventional
techniques are effectively controlled by a radiation treatment with 300
krad of gamma radiation. Further studies should be made on the resistant
species, especially in comparison with the efficacy of other types of
treatment.
B. Synergistic effects with oxygen were ascertained on bacteria and
parasites and the application of oxygenation in combination with radiation
seems extremely promising. In the case of viruses, oxygenation did not
enhance the effect of irradiation.

C. Dose-rate did not play an important role in disinfection of sludge by
irradiation under practical conditions so far.

D. Radiation at a dose used for disinfection can control the germinal force
of weeds. This is an important feature when weed containing sludge is to be
reused on agricultural land. Pasteurization is not an adequate treatment
for weed control.

E. Standardized experimental protocols for micro-biological examination
of irradiated sludge or waste waters should be developed to enable
comparisons of results obtained at different research institutions.

I1. On the separation of solids from liquid

There is a great need for basic and empirical research on the under-
standing of the changes in physical-chemical properties of suspended
particles in sewage and process water imposed by ionizing radiation and
by radiolytic species generated by absorption of gamma-rays and electrons
in water. Improvements in the reduction of sludge volume and rate of
settling of sludge solids would result in considerable technological
and economical improvements in sludge handling and disposal. Attempts
to standardize analytical methods in these studies should be promoted
and encouraged.

III. On design and operation

A gamma radiation plant, operating for about 3 years has demonstrated
the feasibility and reliability of sludge disinfection by gamma ir-
radiation. Development work should be intensified in optimization of
irradiation treatments. Plant design and operation procedures, radiation
energy and dose delivery as well as effects of other physical factors
such as heat and oxygen need to be studied in more detail, preferably
at plant level because the radiation process is becoming economically
and technologically competitive with conventional methods in an in-
.creasing number of cases. Single pass systems should be compared with
bath systems. Special emphasis has to be given to the use of radiation
with sufficient energy to penetrate the largest particles present in
sludge, because otherwise disinfection effects may vary considerably.
Uniform methods of determining the received dose of irradiated sludge
or waste water should be developed to enable comparisons of results
obtained at different research institutions.

IV. On cost benefit analysis

Because cost effectiveness is critical to the successful adoption of
this promising technology, a uniform method of calculation of costs
of all sludge treatment techniques must be developed. Cost benefit
studies are encouraged to identify those areas where positive cost
reductions and process optimization can be made in order to define
the optimum range of application for each competing technique.



Cooperative efforts in developing computer programmes for cost benefit
analyses should be promoted.
The ESNA working group should consider to install an ad hoc panel in
order to establish a basis for this technical-economical evaluation.

V. On the use of sewage sludge in agriculture

The effect of irradiated sewage sludge on soil properties and the
availability of nutrients to plants compared with the effect of sludge
treated differently must be followed seriously for
a longer period, considering varying climate and soil conditions.
Attention should be paid to a more effective use of treated sewage
sludge during the growing season in order to reduce leaching of nitrogen
during winter time.

The availability of heavy metals to plants in soils, the increase in the
uptake of minor elements (Zn, Mn, Cu, etc.) and organic chemicals due
to sewage sludge application have to be studied too. The results have
to be compared with the availability and uptake of heavy metals which
are supplied in conventional fertilizers as contaminants.
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