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CAN THE SAME PRINCIPLES BE USED FOR THE MANAGEMENT
OF RADIOACTIVE AND NON-RADIOACTIVE WASTE?

Gunnar Bengtsson
Swedish National Institute of Radiation Protection

Box 60204, S-10401 Stockholm SWEDEN

ABSTRACT

Non-radioactive waste has a much more complex composition than
radioactive waste and appears in much larger quantities. The two types of
waste have, however, some properties in common when it comes to their long-
term impact on health and the environment. The occurrence in both of
substances that may exist for generations and may cause cancer provides one
example. Both types of waste also always occur together. It is therefore
proposed that the same basic principles could be applied for the management
of radioactive and non-radioactive waste. By doing so one may increase the
efficiency of policy development, research and practical management. This is
particularly important for the very costly restoration of old disposal sites
which have earlier been poorly managed.



CAN THE SAME PRINCIPLES BE USED FOR THE MANAGEMENT OF RADIOACTIVE AND NON-
RADIOACTIVE WASTE?

1. WASTE AND OTHER SOURCES OF ENVIRONMENTAL POLLUTION

Materials that are hazardous for health and the environment are
constantly mobilised in nature through fires, evaporation, volcanic
eruptions, weathering, and other natural processes. The annual global
turnover rates may concern gigatons as for carbon dioxide and nitrogen
oxides, or kilotons as for metals such as cadmium, mercur>, lead and arsenic.
For radioactive substances, the turn-over rate is of the order of magnitude
of petabecquerel (1 PBq - 1012 kfiq) both for alpha and beta emitters [1].

Human activities add to this flow by enhancing natural processes
such as fires, evaporation and weathering, by exploiting and concentrating
natural materials, and by the creation of materials which do not exist in
nature. Some of the hazardous materials mobilised by man are defined by him
as waste and treated so as to be immobilised for shorter or longer periods.
It is important to note that what is defined as waste sometimes contains only
a small fraction of the materials mobilised by man. For Instance, twenty
times more lead is diffusely dispersed in the form of lead-containing
products than is mobilised from emissions and repositories. With some delay,
these products are likely to contribute to environmental contamination. And
about a hundred times more carbon-14 is emitted from nuclear power plants
than is retained in the low and intermediate level waste. Still, carbon-14 in
these wastes may completely dominate the collective doses from the
repositories, and a balanced perspective on the hazards may be difficult to
obtain. Such a perspective may be gained by tracing the hazardous materials
in the waste to their beginnings and studying alternative ways of dispersion.

2. TYPES OF WASTE AND THEIR ASSOCIATED HAZARDS

The amount and composition of the waste in an industrial country is
illustrated in Table I which refers to Sweden [2]. The most important
hazardous substances and their environmental impact are also indicated. The
Swedish population is 8 millions. Sv/eden has strong Industrie;: in mining,
pulp and paper and nuclear energy.

The subgroup "Hazardous waste" contains the constituents given in
Table II, The amount of radioactive waste is small in comparison with the
total amount of hazardous waste. It is dominated by a predicted total for the
30-year Swedish nuclear energy program of more than 100 000 tons of waste
with low and intermediate activity levels, containing in all about 10 PBq
activity. In addition, there are about 10 000 tons which contain a million
times more activity, clearly much more dangerous. For the low and
intermediate level waste, there are established management practices and
installations in many countries. For the high level waste, intense research
is going on concerning final disposal concepts which are to be applied in the
next few decades.

Radioactive and non-radioactive wasta have strongly different
characteristics [3]. The problems of non-radioactive waste are orders of
magnitude greater with respect to the mass involved, the number of different
chemical species (compared with the number of different radionuclides), the
number of places where waste is generated, the number of intermediate sites



for treatment, ths number of final disposal sites, and the number of parties
involved. The non-radioactive waste also involves a more complex pattern of
biological and environmental hazards which are more poorly known, and
measurement of the hazardous constituents is often more difficult,
particularly for the components which have been dispersed in the environment.
The reactions within the disposal facility are much more complex for non-
radioacr.ive waste, and the times of its transformation to less hazardous
compounds are not well known. This applies both while the transforming
substances are within the waste facilities and after they have escaped
therefrom.

Table I. Amount, composition and main environmental problems of different
types of wastt: in Sweden. Based on [2,5]

Type of waste

Mining

Amount. Mton per ye&r

Recycling Disposal

7 7

Pulp and paper
industry

Food industry

Construction and
demolition

Other industry

Household

Ashes from energy
production and
waste incineration

6

3

0.2

1

2

0.1

3

0.2

4

1

i

1

Hazardous waste 0.2 0.3

Radioactive waste 0.0001 0.003

Substances involved and
environmental problems

Metals, mainly cadmium, copper,
lead, zinc. Weathering, after
hundreds of years leaching of tons
of metals from one sand deposit,
decreasing after 10 000 years.

Metals, oxygen consuming sub-
stances, nitrogen compounds,
small amounts of hazardous
waste. Initially leaching of
the latter three groups, after
1000 years leaching of metals and
hazardous waste.

Soluble saltj, alcalic substances,
metals. Leaching of salts and
metals after 100 years, terminated
after 100 000 years.

Metals, PCB, persistent organic
substances. Barriers intact for
decades, after this dispersion via
leaching is likely.

High active waste isolated for
about a million years. Other waste
leaching after shorter times with
little environmental consequences.

Total 19 18



The management of non-radioactive waste is not as developed from the
environmental protection point of view as that of radioactive waste. The non-
radioactive waste is not characterised in detail, it can easily be diverted
on its way to disposal, and disposal techniques and prevention of access to
disposal sites are not well developed in a long-term perspective. Risk
assessment techniques are poorly developed. Some of these shortcomings apply
also to low level radioactive waste when it is disposed of by burial in
shallow trenches and contains organic materials.

Radioactive waste is more problematic than non-radioactive on
three issues. The highest activity waste is in many respects more hazardous
than the non-radioactive waste, there may be an external radiation problem at
distances closer to the disposal site than a few hundred meters, and
many people percieve the risks as much higher than those from non-radioactive
waste irrespective of the activity level. This perception is a major factor
behind the management options chosen which are on the whole much more costly
than those for the non-radioactive waste.

TABLE II. Production in Sweden of waste defined as hazardous [2].
For comparison radioactive waste is also presented.

Type of waste

Oil
Solvent
Paint and varnish
Adhesive
Acid or alcali
Pesticide
Laboratory
Waste contaminated with

- cadmium
- mercury
- antimony, lead, cobalt, copper, chromium, nickel,
selenium, silver, thallium, tin or zinc

- cyanide
- PCB

Radioactive waste
- low and intermediate level
- high level

kton/year

200
30
20
10
70
0.6
40

0.5
0.4

120
4
0.03

3
0.3

Further exchange of information between the fields of non-radioactive
and radioactive waste management has been strongly recommended [4]. Such
exchange may both improve the knowledge of the non-radioactive aspects of
radioactive waste, and introduce some advanced management ideas to the field of
non-radioactive waste management.



3. HOW DANGEROUS CAN NON-RADIOACTIVE WASTE 3E?

The non-radioactive waste contains many substances which have no
correspondence in radioactive waste from the health hazard point of view [6]. In
addition, however, it also contains many substances vhich have biological
effects similar to those of radioactive substances, e. g. genotoxic substances.

Whether the substances are radioactive or not, they may find their way
into living cells and cause injuries, which are very often but not always
repaired. An organ can not. maintain its normal function if a large number of
cells is injured and not fully repaired. If an essential organ is exposed, the
entire body may be threatened. Severe injury may result from such high
exposures. Prevention may be very efficient by reducing the exposure to such
lower levels where only a small fraction of the cells in the organ at risk is
injured. In that case no organ damage may appear, and the biological effect
appears only above a certain threshold of exposure.

High exposure levels are, however, not common in relation ; dispersion
from waste sites. But even at lower exposure levels the radiation or chemical
may start a process resulting in a later manifest injury. For instance, for
genotoxic substances [7] the chromosome material, DNA, may become reprogrammed
to start an unrestrained growth which manifests itself as a cancer tumor several
decades after exposure. Exposure of the gonads may result in mutations that may
express themselves only after generations. It is not yet known whether fetal
injuries can be caused by changes in single cells, nor whether the same is a
possible mechanism for lesions in arteries (atherosclerosis), premature ageing
or activation of latent viruses.

The effects of low level exposures to radiation have been more studied
than those from low level exposures to chemicals. In particular, many factors
influencing radiation carcinogenesis in humans are known. At present, also about
30 chemicals are judged to be human carcinogens. These include the metals
arsenic, beryllium, cadmium, chromium, nickel and lead, as well as organic
substances such as benso(a>pyrene, ethylene oxide and vinyl chloride. The list
of human carcinogens is most likely to be enlarged in the future. More than one-
half of all chemicals tested for carcinogenicity in animals turned out to be
carcinogenic. At present more than 1000 chemicals are being studied. In cell
studies, thousands of chemicals have caused injury to DNA. There is some
correlation but no complete correspondence between such genotoxicity and
carcinogenicity in animal experiments.

Many drugs including alcohol and tobacco are known to cause fetal
malformations, perinatal mortality and other Injuries. Exposures to high levels
öf lead, mercury and ionising radiation have caused severe injury to the fetal
central nervous system and even fetal mortality. Whether such injury can be
caused by lower exposures and other substances is now a matter of intense
research.

There is little proof of other types of late injury. Hereditary injury
is suspected to be caused by ionising radiation on grounds of animal
experiments, and the same holds for several chemicals Premature aging as a
result of radiation exposures has been sought but not found. Irradiated groups
lived as long as other comparable groups, apart from the cancer mortality
induced by radiation.

Table III gives an overview of health risks from radiation and
chemicals [6].



The relation between exposure and the probability of occurrence of such
genoto:;ic risks as cancer is not known at low exposure levels. It is often
assumed for cancer initiating agents such as benso(a)pyrene and ionising
radiation that the relation is linear, e g by authorities in the Netherlands,
Sweden and the USA. In that case all exposures entail a risk for cancer and
other genotoxic effects, albeit very small at low exposures. With assumptions of
this kind, It has been considered desirable [8] to use a similar approach for
the management of risk from both radioactive and non-radioactive substances.

Some environmental effects which may occur besides human health effects
are discussed in Chapter 6.

Table III, Types of biological injury from high level exposures

Type of injury

Human cancer

Animal cancer

Injury to cellular DNA

Hereditary injury

Fetal injury

Mortality or organ injury in humans,
animals and plants

all)

Note; There is no agreed "high level" or "low level" exposure. Often, however,
exposures leading to direct organ injury or mortality (ultimate table entry)
are considered as high level exposures. If the other types of Injury appear in
low frequency, the exposures are called low level exposures. The injuries are
then difficult to verify. It is highly likely that these other types of injury
may be caused by a large number of agents even though they have not been
demonstrated even for high level exposures.

4. OBJECTIVES FOR WASTE MANAGMENT

In principle, the objectives for the management of all types of waste
are the same [p. 164 in ref. 3]:

* to reduce the amount of waste as much as possible at the point
where it is generated, especially waste that is hazardous or
difficult to treat and condition

Caused by
radiation

yes

yes

yes

yes (according
to animal
experiments)

yes

yes

Number of known
chemicals producing
this effect

tens

hundreds

thousands

(probably several)

tens

(probably almost



* to reuse residues from production and consumption to the largest
possible extent

* to handle the waste in such a way that risks for human health and
the environment are maintained at tolerable levels.

* many countries also have the goal of self-sufficiency for waste
disposal, i. e. not being dependent on foreign countries.

Aiming for the same policy for all types of waste is quite natural
since radioactive and non-radioactive waste always exist together. The example
of low level radioactive waste containing organic material has already been
mentioned. Another case in point concerns the unexpected problems with the
radioactive gas radon in houses built on tailings after mining of alum shale.
A specific suggestion [9] is that the safety analysis for radioactive waste
disposal should take account of potential chemical risks.

The policies have been fairly well established for low and
intermediate level radioactive waste in the last decade or so and have been
implemented in many countries. One important lesson learnt is that the
management of the waste should be considered already before the practice or
production starts. For non-radioactive waste the policies are still being
formulated and implementation leaves much to be desired. This means that for
both types of waste, there is a backlog of old negligencies in the form of
landfills that do not meet modern management goals. The difference can be
illustrated by the enormous deposits of mining tailings in Sweden, for which
the leakages of metals such as zinc, copper, lead and cadmium are 100 to 1000
times higher than modern requirements. This backlog presents a particularly
difficult waste problem, the management of which requires enormous resources
such as the billion dollar "Superfund" in the United States. In radiation
protection it is recognised that such a backlog may not be controllable to the
same extent as newly generated waste and *hat less stringent environmental
requirements may have to be tolerated. In Sweden, for instance, six times
higher radon levels are tolerated in existing houses built on tailings from
alum shale than In new houses built in the same place. Decisions based on this
attitude may meet considerable political difficulties.

The policy of self-sufficiency can be challenged from a technical
and ecoromical point of view. Particularly for small countries it may be
difficult to find suitable disposal sites and very expensive to establish
management systems for special wastes with small volumes. In such cases,
international solutions might be better from environmental as well as economic
and technical considerations.

5. TECHNIQUES FOR WASTE MANAGMENT

To reach the objectives of recycling and safe handling of waste, two
different principles may be applied:

* Immediate release to the environment of the waste products. This
is applied in returning sewage sludge to farmlands or in marine
incineration of waste. The principle is often called "dilute and
disperse".

* Delayed release by introducing various barriers between the waste
and the environment. The delay may be decades as for nitrogen
compound leakages from simple household waste landfills, tens of



thousands of years for metal leakage from advanced coal ash
heaps, a millioi\ years for leakage from high level radioactive
waste in deep geological repositories, and hundreds of millions
of years for the latter deposited in deep sea sediments. This
delay has the advantage that it may permit decay or
transformation to less hazardous forms of the waste constitutents
before they reach the environment. The principle is often called
"confine and contain".

In the Swedish debate, it has been suggested that since many
hazardous substances sooner or later are returned to the environment, a
tolerability criterion could be based on the natural environmental flows. This
would encompass releases from production and consumption of goods, from the
ultimate fate of the products themselves, and from waste. A tolerable flow
would in general amount to a defined fraction of the natural ones. Application
of this to energy production and consumption has shown the potential for
conflict in the long run, particularly for fossil fuels [1]. A related
principle in Swiss guidelines for non-radioactive waste [10] demands that
solid residues not suited for recycling should have properties very similar to
those of the earth's crust.

Dalayed releases are deliberately used for radioactive waste. For
other waste, a delay may lead to transformation of some organic substances,
but the processes are complicated and not well known. The methods have the
disadvantage that the longer the delay period is, the more expensive the
methods tend to be.

Dependent on the method selected for the final disposal, the waste
must be conditioned to a form suitable for transportation, interim storage and
disposal. This often means volume reduction, e. g. by compaction,
biodegradation or incineration.

The methods selected vary strongly between nations. For hazardous
refuse in Sweden in 1980 [2], almost one-half went to recycling, conversion or
incineratijn. Of the remaining real waste, about three quarters went to
landfill and the remainder mainly to sewerage. For about 1 % of the refuse,
the management was not solved and it went to intermediate storage.

Since the waste management methods differ strongly in cost, there is
an incentive for illegally seeking the cheapest methods. Illegal management of
both radioactive and non-radioactive waste is known to have occurred, and
increasing safety is required. Not the least is this discussed with respect to
transboundary transport of waste. About 100 000 border crossings take place
each year in the OECD countries in Europe, and a control system has recently
been developed [11].

The question of control over access to and use of old disposal siter.
has been dealt with for radioactive waste. It is generally recognised [11]
that institutional control over waste sites cannot be expected to be possible
for more than 100 to 300 years. Disposal techniques should therefore not be
based on the possibility of long-term institutional control. For non-
radioactive waste, no clear policy has been developed.



6. ENVIRONMENTAL CONSEQUENCES OF THE MANAGEMENT METHODS CHOSEN

A good control over the environmental consequences of waste disposal
requires that detailed criteria for tolerable contamination have been
established, and that compliance with these criteria can be demonstrated.
Long-term aspects are particularly interesting, but compliance for these can
not be directly demonstrated. Therfore, assessment modelling may be necessary,
and validation of this modelling then becomes important. In a strict sense, it
is impossible to validate the models, but their credibility can be enhanced by
intercomparisons, analogies etc.

For radioactive waste, there has been an extensive international
development of criteria to protect human health. It has been assumed that if
human individuals are protected, then populations of other species will not be
endangered. This assumption is at present being tested in international
cooperation. Extensive modelling has been developed, and several large
international intercomparisons have been made to validate the models. There
are good grounds to believe that for modem facilities, the criteria can be
met. Unfortunately, there are many examples from the past of unsatisfactory
disposal, particularly for waste from mining of uranium-rich ore.

For non-radioactive waste, derived criteria exist only for a limited
number of substances, and the levels defined as tolerable may even differ
within the same country. Only limited evaluation has been made of many of the
pollutants and their ecological effects, and much closer attention may be
needed. In recent years, the same types of assessment as for radioactive waste
have been made for certain types of disposal. Examples of unsatisfactory past
disposal are abundant. A particular difficulty in demonstrating compliance in
the case that criteria exist lies in the difficulties of measuring some
substances. In Sweden, e. g. qualified measurements of dioxines have only been
available from one laboratory.

7. NEED FOR FUTURE DEVELOPMENTS

A recent international workshop [12] lead to the conclusion that the
hitherto intense research concerning radioactive waste management is likely to
continue at national and international levels. For non-radioactive waste,
there is a strong need for models and data bases to estimate the dispersal of
toxic substances from disposal sites and its effects. The dose-response
relationships for such effects need to be studied, particularly for chronic
exposures. The long-term perspective needs to be emphasized. The management
methods need to be better developed, and management of old disposal sites will
require decades of mitigating work.

International cooperation for radioactive waste is extensive and
concerns policy and regulations, where a strong international consistency
exists, research and development in ir.any areas, and implementation of sea
dumping. For non-radioactive waste, international cooperation exists at a
regional level and in commercial waste management. Sea dumping is
internationally regulated. There is a need for further international
cooperation with respect to policy and regulations.
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8. CONCLUSIONS

The review above has shown that there are many arguments in favour of
applying the same principles for radio-active and non-radioactive waste
management:

* the two types of waste always exist together

* many long-term effects on human health are the same, e. g. cancer

* a consistent policy may lead to optimised management, which
not the least is important for the enormous backlog of old
unsatisfactorily managed disposal sites

* policy development and research may become more efficient with a
coordination.

Such arguments have lead to strong recommendations [4] f°r developing
international cooperation concerning radioactive and non-radioactive waste.
Areas of interest refer to development of protection policies and of methods
for evaluation of costs, risks and benefits of proposed disposal pvactVces, as
well as research coordination. On the basis of these recommendations, an
international symposium will be arranged in Sweden in 1991.
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