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PREFACE
The World Association of Veterinary Food Hygienists (WAVFH)
held an international round table conference in Stockholm,
Sweden, January 26-29, 1987. The topic of the conference
was, "Accidental Radiation Contamination of Food of Animal
Origin." The agenda was divided into three major topic
areas:
1.

Ecological Science;

2.

Veterinary Science - Live Animals; and

3.

Veterinary Science - Food of Animal Origin.

Experts and delegates from member countries presented
papers, participated in discussions and workshops and
produced a multidisciplinary report covering the topic
areas. Two volumes were produced; one a collection of all
papers presented, and the other a compilation of the
proceedings from each of .the topic workshops.
In order to rapidly distribute the Association's information to members, papers and other information were
collated and disseminated as presented to the conference
participants. WAVFH made no attempt to edit or clear the
material for the appropriate copyright authority.
WAVFH would like to thank all participants and member
governments whose assistance and/or participation made
conference and report possible. Special acknowledgements
must be given to Drs. K. G. Linderholm, P. Teufel and R. E.
Engel and to the Swedish National Government, to the
Government Regional Administration of the County of
Stockholm and the City of Stockholm. Without their
assistance and dedication this conference and report would
not have been possible.

Prof. Dr. D.T Grossklaus
President, World Association
of Veterinary Food Hygienists
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I

Introduction

At the World Association of Veterinary Food Hygienists
(WAVFH) Board meeting held in May 1986* a decision was
reached to hold a round-table conference on the subject,
"Accidental Radiation Contamination of Food of Animal
Origin." The conference was held in Stockholm, Sweden,
January 26-30, 1987. The conference chairman was
Dr. Ronald E. Engel, delegate from the United States of
America and a Vice-President of the WAVFH.
Lars Strandberg, Sweden Deputy Minister of Agriculture,
opened the conference discussing the impact of the
Chernobyl accident on Sweden. He formally welcomed the
WAVFH delegates to Sweden and acknowledged the opportunity
afforded for the exchange of significant ideas on the round
table subject.
The President of the WAVFH, Prof. Dr. D. Grossklaus,
Berlin, was unable to attend because of official
obligations. In his absence, Vice-President, Prof. Dr.
Edmund K. Prost, Poland, welcomed the delegates on behalf
of the WAVFH. He delivered special greetings to the
official representatives of the Swedish government and
administration and Dr. Grossklaus's greeting.
Dr. Engel, Conference Chairman, stated that the purpose of
the conference was to help prepare veterinary food
hygienists to respond appropriately and efficiently to
possible radiological emergencies from accidental releases
of radioactivity. Veterinary food hygienists should play a
vital role in minimizing the public health consequences of
such accidents by containing the spread of radioactivity
throughout the animal food chain. Dr. Engel noted that the
international round table conference would provide a
recognized forum for the exchange of scientific points of
view associated with principles, theories and ideas in the
relevant disciplines. The conference, designed to be a
training experience, focused on veterinary food hygiene in
the disciplines of physical and biological science,
ecological science and veterinary sciences.
The program opened with presentations by speakers with
expertise in the scientific disciplines cited above.
Various member delegates then discussed the impact of the
Chernobyl accident on their respective countries.
Following these talks and presentations, open discussions
occurred, in which all participants were encouraged to take
part.
Following the individual presentations and open discussions
period, the members were divided into three workshops, each
with a different subject to be discussed from the
* Berlin (West), May 24, 1986

veterinary perspective as it relates to radiological
emergency response. The subjects were Ecology; Veterinary
Science - Live Animals; and Veterinary Science - Food of
Animal Origin. At the conclusion of the conference/
chairmen and rapporteurs reported the preliminary
conclusions and recommendations of their respective groups.
A representative from the Swedish National Institute of
Radiation Protection also updated the conferees on the most
recent findings on the effects of the Chernobyl accident on
Sweden. The preliminary conclusions and recommendations
were then subject to another plenary discussion.
The conference proceedings have been published in two
volumes. Volume 1 includes a summary of the reports
submitted by the three working groups. Volume 2 is a
compilation of all individual reports presented at the
conference. All people share the hope that another
radiological accident will never occur. However, the
possibility cannot be ruled out. The World Association of
Veterinary Food Hygienists believes that the conference has
helped prepare veterinarians to assume a broader and more
effective role in response to any radiological accident
that could occur in the future.
II

Characteristics of Accidental Nuclear Releases

The accident at Chernobyl demonstrated that accidental
releases of radioactive substances into the environment can
contaminate large areas. The possibility of future
accidental releases cannot be ruled out; therefore, a
country has to be prepared to measure environmental
radioactivity in the event of accidents. For early warning
and to understand the size and scope of the problem, gamnfa
dose rates out of doors and near surfaces that may become
contaminated by fallout, should be measured continuously at
representative locations throughout a country.
A rapid international exchange of information is necessary.
Parallel, at the same time with the first warning, specific
nuclide measurements have to be obtained for different
environmental media in order to advise the public on
personal safety.
The composition of the radionuclides in a cloud is
dependent on factors such as kind of event (e.g.,
detonation of a nuclear weapon), the distance to the place
of the accident and the age of the cloud. For example, in
fallout from detonation of a nuclear weapon, the ratio
between Cs-137 and Sr-90 was about 2:1; in the Chernobyl
fallout it was higher than 100:1 in middle Europe. For
some types of non-nuclear explosive accidents involving
some kinds of nuclear weapon, significant amounts of Pu-239
might be released.

The patterns of the radionuclides will change quickly
because in the first days the percentage of short-lived
radionuclides is high. Of the short-lived radionuclides
present in a cloud, 1-132 is of special interest. Other
short-lived radionuclides as Te-132 or 1-131 significantly
contribute to human dose only in the first days following a
release.
Radionuclides with half-liyes of weeks as Ba-140 and Zr-95
or Sr-89 should also be monitored continuously, but their
contributions to human dose generally will be low. Sr-90,
Cs-137 and Cs-134 will be of importance in most accidental
releases, especially in the long term. Actinides such as
Pu-239 might be a problem in some unusual situations.
As soon as possible following an accidental release,
samples from air, soil, plants, rain, and surface water
should be gamma-spectrometrically measured. Furthermore,
some selected samples should be analyzed for beta and alpha
emitters such as Sr-90 and Pu-239.
The chemical form of fallout radionuclides is important for
the estimation of food contamination. The soluble forms of
radionuclides are transferred in the food chain more
rapidly than non-soluble forms.
Obviously, only laboratories staffed with well-trained
people capable of performing rapid and reliable analyses
should be used for analyzing these radionuclides. In Table
1 the radionuclides of public health importance are listed.
Food is contaminated along different pathways. Contamination starts when radioactivity is deposited from the
atmosphere and reaches vegetation, soil or surface water.
Rain acts as an efficient scavenger of the radioactivity in
the atmosphere v Areas which receive rain may therefore
have considerably higher levels of contamination than areas
which receive no rain. Within both areas, radioactive
particles may be a problem. The closer to the source, the
more "hot particles" will contribute to the radiation
levels.
Vegetation will intercept an important part of the
radionuclides, the degree of interception being a function
of the nature of the vegetation. For tall grass, the
interception may even go up to almost 100 percent. The
Chernobyl accident indicated that soluble forms of cesium
and iodine quickly penetrate into the leaf via the surface.
Less soluble forms may be diminished by subsequent rainfall. Cutting away contaminated vegetation is therefore
not always necessary. Yet, during this washing process,
part of the radionuclides will accumulate in the standing
litter layer of the vegetation. It appears that many of

the radionuclides can be easily recycled back into the
plants. This explains why after cutting, new-grown grass
is often still severely contaminated.
Lichens and forests are also good intercepting systems. A
problem with lichens, the main winter food for reindeer, is
that contaminants are not removed by rain. Nor are
radioactive contaminants on moss easily washed off by rain.
This is important because, although moss is rarely used as
feed, the radionuclides remain readily available for
cycling in the ecosystem. ^Therefore, it is clear that the
season of the year when the accident occurs is an important
factor. During the growing season the contamination
decreases. At the end of the growing season, the ^favorable
effect of wider distribution is absent. If no leaves are
present the major part of the radioactivity will reach the
soil surface immediately.
Although vegetation may delay the contamination of the soil
itself, all or almost all of the long-lived radionuclides
in terrestrial systems reaches the soil surface. Leaching
from the soil is very limited. It may be assumed that the
leaching rate for Sr, Cs, Pu and Am varies between 0.1 and'
1.0 cm per year. In some areas erosion may carry away a
significant portion of the radioactivity and cause
increased levels of radioactivity in surface waters like
lakes and rivers. Irrigation with this contaminated water
may lead to serious contamination. In particular, leafy
vegetables and rice on wet soils are vulnerable products.
In the long term, (after 1 growing season), the indirect
contamination and uptake via the roots represents the most
important problem. The uptake depends on the type of
radionuclide, the type of soil, the type of vegetation, the
rooting depth and many other variables. However, this
contamination can be predicted with the aid of model
calculations. The availability of many radionuclides for
uptake via the'roots of plants decreases with time. For Cs
this may be halved for the year following the year of the
accident.
As a guideline it can be assumed that the root uptake
(expressed as the ratio of the concentration of radioactivity in the vegetation to the concentration in the
soil) of the Sr isotopes is about a factor 10 higher than
that of Cs isotopes. For Pu the uptake is ab.out 1/100 that
of Cs.
The equivalent whole body human dose associated with the
intake of one Bq of Sr-90 is about 10 times higher than for
an equal amount of Cs-137. For vegetation, a ratio of
Sr-90 to Cs-137 of 1:10 causes equal radiation exposure.
This means that a ratio of Sr-90 to Cs-137 of 1:100 present

in soil causes about the same equivalent dose commitment
when plants are contaminated by root uptake only. The dose
associated with the uptake of Pu is more difficult to
compare. So far, Pu concentrations in the environment from
the Chernobyl accident have been so low that the effects of
Pu. are negligible compared to those of Sr-90 and Cs-137.
Ill

First Actions to Reduce Radioactivity in Vegetation

There are many possible ways to reduce the transfer of
radioactive substances to plants. If the contamination is
very high, the top layer of the soil (2-3 cm) could be
removed. Large areas could not be treated in this way —
only limited areas of special importance. Rain or
irrigation reduces the contamination of plants as long as
the radioactive substances are located outside the plants.
If irrigation is used, the content of radionuclides in the
water must of course be acceptable for this purpose.
Normal plowing distributes the radionuclides rather
homogeneously in the top soil. The transfer to plants
could in this way be reduced up to 50 percent compared with
a distribution in the uppermost layer. If areas are
heavily contaminated, deep plowing could be the alternative. The objective would be to place the radionuclides
below the top soil layer'. The results would be a reduction
in transfer to the plants, as well as a reduction in the
radiation coming from the ground (as a result of
shielding).
Cutting the grass and transporting it away from the
grassland would also reduce the transfer to plants and to
animals grazing on it. If deposition occurs in winter and
early spring — before the growing season — rolling coul<J
also reduce the transfer to hay and silage.
Fertilizers, in particular nitrogen fertilizers, promote a
growth and therefore dilute the radiocontamination. Liming
(adding calcium) reduces the uptake of many radionuclides,
and in particular of Cs and Sr. Potassium fertilizers
dilute Cs in soil. This is important in peat soils and
other soils with a high content of organic material and
potassium poor soils.
After a deposition during winter or early spring, most of
the radioactivity would be found on the ground or in the
previous year's grass. By cutting the grass with rather
high stubble (15 cm compared to normal 5 to 10 cm) it would
be possible to reduce the contamination of the new grass
with old grass. Under optimal conditions, it would be
possible to reduce the transfer of radioactive Cs up to
5-10 times. Under normal farming practices, two times
would seem a realistic decrease. It would be possible to

harvest with the machinery normally used for cutting and
collecting hay or silage.
It has been observed from the Chernobyl accident that
sludge may be highly contaminated. This high contamination, if present, would remain from several weeks to
several months. Thus, if the enhancement of the Cs in the
soil could increase significantly from the use of sludge.
Restrictions on its use might be advisable.
It appears that animal waste would not seriously add to
contamination of pasture land. If findings indicated that
the enhancement of the Cs in the soil would increase
significantly from the use of animal waste for fertilizer,
restrictions on its usage would also be advisable.
IV

Assessing the Possible Damage

Examination of past accidents gives an indication of the
range of types of possible accidents and the nature of the
radioactivity released. It is important to be prepared to
handle accidents such as have occurred in the past.
However, possible accidents of other types should also be
considered. In this section, some of the important factors
influencing the nature of potential radioactive releases
will be briefly discussed.
An important starting point is consideration of the
inventory of radioactivity available for release* This
will vary for different situations: explosion of nuclear
weapons, accidents involving transport of nuclear reactor
fuels, nuclear fuel reprocessing plants, transport and
handling of nuclear by-products. The inventory of radioactivity may vary quite widely from single radionuclides to
complex mixtures of radionuclides.
Even the characteristics of the mixtures of radionuclides
will vary. With a nuclear weapon explosion, a broad
spectrum of fission product radionuclides will be produced
including 1-131, Sr-90, Cs-137, Ce-144, Ba-140 and many
short-lived radionuclides. With an operating nuclear
reactor, the radionuclides inventory will shift to an
increased fraction of long-lived radionuclides and a
relatively smaller fraction of short-lived radionuclides.
An additional factor influencing the kind and -amount of
radionuclides released is the specific nature of the
accident. For example, an accident involving an explosion
or very high temperatures will result in a different
pattern of radionuclides released than an accident without
an explosion or involving low temperatures. In an accident
involving high temperatures, for example, a meltdown of

fuel will result in a range of release fractions. Elements
such as xenon and iodine will have a large fraction (0.9)
released. Smaller fractions of other important elements
such as cesium (0.75), strontium (0.10), barium (0.10), and
ruthenium (0.03) will be released. Even smaller fractions
(0.003) of elements such as cerium and lanthanum will be
released.
Once the material is released, its dispersion will be
strongly influenced by specifics of the accident. For
example, a large explosive event or an accident involving
high temperatures could produce a plume carrying the
material to a high altitude — where it might potentially
be transported for long distances, depending upon
meterological conditions.
During the meterological transport process, the material
may be altered in chemical and physical form. For example,
large particles may settle out and some vapors may condense
in particles.
All the above factors will influence the amount and
physical and chemical characteristics of radionuclides that
potentially enter the food chains that extend to people.
Each accident must be evaluated as early as possible to
establish its special characteristics. It should not be
assumed that a typical accident exists.
In evaluating any disaster situation, including those
involving radiation and radioactive materials, it is
important to place the specific situation in perspective to
other risks. Actions taken to control radioactively
contaminated foods must be appropriate to the likely risk
Special care must be taken to assure that any countermeasures do not result in new and greater risks. For
example, if certain food products are to be removed from
the market because of low level radioactive contamination
(e.g., slightly higher than normal background levels;
however, well within the "safe" standards established by
the international community), it is important to be certain
that the nutritional status of the population is not
thereby compromised. Many counter-measures that might be
considered for use, such as the administration of KI to
reduce thyroid uptake of 1-131, might pose a medical risk
to a portion of the population. Thus, such countermeasures may not be appropriate for use unless the likely
risk -- such as increased thyroid cancer from 1-131 -- is
very substantial.
In choosing action levels, the essential criterion is the
optimal balance between the danger of radiation and the
detriment involved in the counter-measures themselves. The
counter-measures are accordingly dependent on the density

of the fallout; i.e., on the estimated doses to humans and
animals. After massive amounts of fallout covering large
areas, considerations are essentially bound to what we
somewhat improperly call non-stochastic effects — or short
term effects. Yet, depositions of lesser amounts of
fission products, particularly if they are locally limited,
make it possible also to consider stochastic or late
effects like cancer and genetic damage. The reason for
this difference is, of course, that if the late effects are
considered in the first ca^e, the necessary extensive
counter-measures may lead to a severe deficiency of
essential food.
V

In many countries, cows and other dairy animals seem to be
the "critical" group of domestic animals. Dairy animals
graze over large areas every day, and milk is in many
countries the most important calcium source for children.
In grazing contaminated pasture, dairy animals are
subjected to long-term irradiation; estimations of the risk
for the animals must accordingly take the dose rate
dependence into consideration.
Professor Walinder has made some calculations of the dose
rate dependence of various "non-stochastic" effects on man
and animals. The calculations were based on clinical
experience and have shown a surprisingly close agreement
with experimental evidence as reported in the literature.
By applying the calculated figures to the grazing cow, it
has been possible to obtain a scheme for acceptable grazing
periods in areas that have been contaminated with fission
products after reactor accidents.
The scheme is based on measurements with an instrument
graded in mR/hr and read off 1 meter above the ground (seg
Table 2 ) . The left column of the scheme gives 5 different
figures for the time that has elapsed since the accident.
Two examples may explain the use of the scheme. If the
radiation intensity is less than 68'mR/hr, 2.4 hours after
the accident, the cows may graze for 1 day. If the
intensity is less than 11 mR/hr, the cows can be allowed
unrestricted grazing. If the cows have been fed with
non-contaminated fodder for 2 weeks after the accident,
they can be allowed to graze the contaminated pasture for 1
day, provided that the intensity is less than 110 mR/hr,
and unrestricted grazing if it is less than 19 mR/hr.
It must be pointed out, however, that the estimations, in
spite of "built in" safety margins, are crude. Therefore,
a competent physicist should interpret the validity of the
various parameters and assumptions underlying the
calculations.

The actual counter-measures used in a specific situation
depend on the level of radioactive contamination, the
availability of radionuclides in the contamination and the
action levels used for the different animal food products.
The level of radioactive contamination of pasture or openly
stored feed should be determined on a local scale to make
it possible to decide the handling of animals. With high
contamination levels, the animals should be stabled or at
least prevented from grazing. It is to be noted that
grazing ruminants can ingest radioactive material causing
gastro-intestinal damage especially at an early stage with
a high content of short-lived radionuclides in the
contamination.
Obviously, animals producing food should be given as much
uncontaminated feed as possible to limit or avoid transfer
of radioactivity to food products. Changed feeding
practices could reduce the intake of contaminants. If
clean feed is not available, substances blocking the uptake
of radioactivity in some way could be used. The long-term
clinical effect on mineral and trace elements metabolism of
substances like bentonite and Berliner Blue is not at
present, sufficiently known.
The most practical way to handle the situation has to be
determined in each case,.consider ing desired effects,
costs, management practices, physiological effects and
other relevant factors. In some situations a change in
production from milk to meat or breeding stock could reduce
the transfer of contaminants from feed to animal food
products.
Water has to be considered as a source of radioactive
contaminants. Open ponds and rainwater collected during
orjust after the deposition of radioactivity should be
avoided. Water from wells and mains could in most cases be
used safely. The exceptions would be shallow wells and
inadequately purified surface water.
In areas close to the releasing source of radioactive
material, high skin contamination of exposed animals can
occur. In such situations, washing of animals can be of
value, decreasing the skin irradiation of the animal and
the external irradiation of people handling the animals.
The level of radioactive contamination in the living animal
should be estimated. The results from such an estimation,
although not very precise, would be valuable in determining
how to minimize the transfer to food animal products.
Standard sampling and measuring methods for the radionuclides of interest have to be evaluated. Without such
precautions, this type of measurement can give spurious
results.

Experience from the Chernobyl accident leads us to conclude
that the danger of contamination of fish farms was very
limited. However, to minimize contamination the nuclide
concentrations could be kept low by additional feeding of
non-contaminated food — especially for carp farms, since
these fish feed on contaminated sediment. Total
decontamination cannot be attained. The decrease of
concentration depends on the half-life of the radionuclides. In the case of short-lived nuclides, human
exposure can be best prevented by temporary prohibitions on
fishing and the use of stored fish. This is not practical
in the case of long-lived nuclides, where lengthy
restrictions would be necessary. Decontamination cannot be
achieved by restocking in non-contaminated waters "because
re-mobilization of nuclides from organs to meat can occur.
Consequently, there are only limited possibilities for
preventing contamination of fish.
A number of radionuclides that may be released in accidents
may be transferred to people via food chains that involve
animals. Some of the most prominent radionuclides that
have been encountered in previous contamination situations ,
are shown in Table 3, along with some important
considerations for each radionuclide.
Soon after accidents involving significant quantities of
1-131 it is likely to be the radionuclide of prime concern.
Because of its relatively short half-life (8.04 days) it
quickly becomes of less concern - for example, at 1 month
following a release only about 1/16 of the original
quantity will be present. Because of their longer
half-lives, the radionuclides Cs-137, Cs-134, Sr-90 and
SR-89 will be of concern for a longer period of time.
Table 4 shows some representative values for transfer of
radionuclides of iodine, cesium an strontium from the diet
of animals and animal products.
The actual values
encountered in any particular accident or agricultural
setting may var-y substantially from the values shown
because of unique characteristics of the situation. Thus,
the values shown should be used only for general guidance
until such time as specific information can be obtained for
the accident and agricultural situation of specific
concern.
Milk and milk products contaminated with 1-131 should be
diverted from immediate use by humans. 1-131-contaminated
products such as cheese or powdered milk may be stored.
After sufficient time has been allowed for radioactive
decay, the products could be released for human
consumption.
Milk contaminated with Cesium could be used to produce
cheese with a lower concentration 'of Cesium than the raw
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milk. This would occur since most the Cesium is removed
with the whey. It also must be emphasized that whey
products will contain Cesium and may not be suitable for
use as animal feed.
Meat from animals contaminated with Strontium will
ge.nerally have a low concentration since this element
concentrates primarily in bone. If care is taken in
removing the bones, the flesh may be sufficiently low in
radioactive content to permit human consumption. This
becomes more relevant as t*he shorter lived radionuclides
decay.
V

An Emergency Control System

To handle crisis situations following accidents of various
kinds, it must be decided beforehand who has the
responsibility for setting up a system to handle the
situation. An administrative body should exist beforehand
which is capable of making decisions and delegating
responsibilities to outside authorities (these decisions
and delegations would be dependent upon the nature of the •
incident). This administrative body should be staffed with
people possessing different skills which would be dependent
upon the kind of accident* The authority must also set up
a system for informing the media.
To make decisions, criteria for putting measures into force
must be established. Central to these activities will be
the input from policy makers and scientists. When media is
involved, enough information should be given so as not to
put pressure on the responsible authorities to overreact in
an early phase. A centrally run decision-making system is
only good as long as a few simple decisions are to be made.
Regional and local systems must get involved since
decisions consists of what to do, how to do it, who is
involved, and when shall it be put into place, etc., at
many different'organizational levels. Local and regional
meat and food inspection authorities and local agricultural
authorities should be strongly involved if accidental
releases could involve the food chain. Farmer organizations should also be involved, and be encouraged to use
their own systems for informing and guiding the farmer.
There is no need for all veterinary medical personnel to be
trained in disaster veterinary medicine including the
handling of radiation emergencies. Training at several
stages in an individual's career is essential. First,
individuals should receive, as part of the undergraduate or
professional curriculum, training as students. This phase
of the training should emphasize instruction in the basic
concepts of radiation biology. It should include
consideration of radiation physics, measurement of
radiation, units of radiation measurement and dose,
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movement of radionuclides through the agricultural
ecosystem and the health effects of ionizing radiation on
domestic and laboratory animals and people.
Second, it is appropriate that individuals periodically
receive post-graduate training in disaster medicine. This
should include short courses or conferences that will
review basic radiation biology concepts and review specific
problem situations. Specialized courses directed to
individuals concerned with particular areas such as food
hygiene and other aspects of public health are also
appropriate. Veterinarians have a broad biological
background and knowledge about the various steps in the
whole food production chain, are working in all parts of a
country, and are in close contact with farmers and sources
of foods of animal origin. They are therefore strategically placed, if adequately trained, to advise in emergency
situations.
The varied responses of different countries to contamination of their national environments by the Chernobyl
accident of April 1986 emphasizes the need to develop an
internationally coordinated program to protect the human
food chain in the event of any future accident. It is
clearly understood that the central authority in each
country will set contamination action levels for their own
jurisdictions, and must recognize the vital role that the
veterinary profession has to play in influencing the
setting of action levels for items of food animal origin.
The veterinarian is usually available to participate in the
formulation of a program to protect the human food chain of
animal origin at the level of the processing plant,
including slaughterhouses and dairies. Also that the
program to protect the food chain will be part of a greater
overall response by society and that the threat of radionuclide contamination of food must be put in perspective
with the other problems of maintaining a clean food supply.
The public health authorities should be especially
concerned about food importing countries without equipment
and trained, experienced personnel to cope with a
situation. They must rely on exporting countries to not
send them any product injurious to health.
Although each nuclear accident may be "unique", the
radionuclides of iodine, cesium and strontium, will
predominate in contamination of the biosphere depending on
wind, rainfall and topographical factors. Therefore, in
formulating a protective program, each program will of
necessity have to be flexible and take into account the
differences in animal husbandry in different countries and
at different times of the year.
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There should be a degree of local/regional autonomy with
authority to institute protective measures. Each local
area should have monitoring instruments of sufficient
precision to detect contamination and that local staff
should have the necessary training to carry out these
measurements and interpret them correctly. The local
monitoring should have as a reference, access to a more
precise spectrometer which would be able to confirm and
extend local findings.
VI

Veterinary Profession Response to Contamination

The response of the veterinary profession to contamination
of the food chain can be considered in three phases:
immediate postaccident; intermediate phase; and long-term
phase.
1.

The immediate postaccident phase

If possible, dairy cattle should be put in shelters and fed
stored feeds. During this initial phase, fresh milk will
be the product most likely to be contaminated with radioactive iodine, cesium, and to a lesser extent strontium.
Because milk is produced .daily and is perishable, it is
essential to take action quickly.
The first decision is whether to reject milk for entry to
the food chain if the levels of contamination are excessive
or of such a nature to have been contaminated with radionuclides of long half-lives. This implies access to a
detection instrument at the local dairy level so that rapid
action can be taken. If milk is rejected, then alternate
use of the milk for animal food should be considered if
bentonite or other blocking additives can be incorporated
into the diedt of the animals. The next option is to
process process the milk in such a way so as to minimize
the exposure o f the consumer to danger, e.g., butter, hard
cheese, yogurt, and milk powder. The last option is to
process the milk with due regard to accepted hygienic
standards.
This phase usually lasts up to 2 weeks. Avoidance
techniques at the farm level, e.g., housing of animals and
feeding of low level contaminated foods, inclusion of
bentonite or other radionuclides binding agents in the diet
should lead to reduction of radioactivity in the milk.
The monitoring of milk could also improve the knowledge of
the central authority of the entire local situation. Milk
from goats or other species should be handled in an identical manner. It should be noted that dietary requirements
may need to be weighed against the level of contamination
since dairy products may be the only source of protein for
some children and adults.
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2.

Intermediate phase of response

This period would present problems of contamination in
meat, offal and bones, due to absorption from the
alimentary tract of cesium and perhaps Sr-90. In this
phase, and in slaughterhouses, it is vital to have access
to a monitoring instrument to measure the level of
contamination in the various portions of the carcass, with
standardized sampling procedures and properly calibrated
instruments. The possibility to monitor the iji vivo
contamination status should be further investigated.
If the early indications are that the levels of radioactive contamination are high in the carcass or liye
animal, then slaughtering of cattle should be stopped
and they should be put on a "cleansing" diet. If the level
of contamination is not considered to be excessive, then
the carcass can be processed in the normal way, or in
such a way as to reduce consumer danger, e.g., deboning,
curing or sausage production. Sheep, goats, pigs and
other meat-producing animals would be subject to the same
consideration as cattle.
If poultry are kept indoors and fed stored rations, then
early contamination is unlikely. However, if they are
raised out of doors — and particularly if they produce
eggs — then they should be subject to monitoring for
contamination; if not rejected, poultry should be treated
by storing or processing some other way.
Wild game (deer, birds) , because of their uncontrolled diet
and ease of movement, may accumulate significant radioactivity at certain times of the year when their diet may
be limited, e.g., reindeer feeding on lichens, mushrooms or
other plants with high levels of contamination. Each
carcass must be subjected to individual monitoring and
rejected or processed similarly to cattle or other meat
producing species. Farmed deer, because they are fed a
known diet, should be treated similarly to cattle or sheep.
Problems of radionuclide contamination are more likely to
occur in fresh water fish especially in stillwater ponds,
and should be carefully inspected for contamination.
Intensively farmed fish fed on low contaminated food are
not so likely to be a problem. However, extensively fed
fish could be a problem and in the long term if the "wash
down" of contaminated water continues.
Since honey may be contaminated with various radionuclides,
it must also be considered in the same way as other foods
of animal origin.
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3.

Long-term response

The monitoring of food animals should continue and be
extended to better identify problem areas, requiring special
detailed examination. To further this effort, field
studies of the effects of radionuclide contamination of the
biosphere of the animal population should be initiated so
as to evaluate the relevance of action levels of contaminants. It is essential that communication of data to
control authorities continue so that they may better
coordinate appropriate measures to protect the food chain.
Training in radiobiology at undergraduate and post-graduate
veterinary level, and on the "spot" training for graduates
in the principles of radionuclide contam- ination avoidance
techniques is a necessity. Also, cooperation on
interdisciplinary research projects with physicists,
medical doctors, sociologists and others are needed, so as
to have an increased input into the decision-making
process.
Harmonization of export certification of foods of animal
origin should be attempted. In the event of contamination
within a supplying country, official certificates provided
by recognized agencies in that country should provide able
assurance to the importing country that the product is
acceptable for human consumption. This requires
standardizing the sampling procedures, standardizing the
methods of measurement and standardizing the form of
certification. It also requires an international
harmonization of food control action levels based on
current biological evaluations of the results of
measurements in relation to the food consumption patterns
of the product in question.
VII

Summary

The recent accidental release of radioactive substances
into the environment from the Chernobyl accident,
demonstrated the need for veterinary, ecological, physical
and medical sciences to be prepared to respond to an
incident in order to protect the environment, food chain,
other agricultural assets and humans from the adverse
affects of radionuclides. Several presentations suggested
that even with the best technologies, national and regional
commitment, and relatively unrestricted resource levels,
nuclear incidents can cross international boundaries and
can contaminate the environment to the extent that the
integrity of various food and water supplies can be at
risk. Speakers and subsequent discussers tended to
concentrate on the issues associated with lessening future
environmental impacts if similar types of incidents should
occur"again. Some of the more important thoughts addressed
in this area were the need to:

15

1.

Educate the veterinary profession on the effects of
accidental nuclear releases;

2.

Establish international, national and local nuclear
planning and response capabilities;

3. 'Establish coordinated authorities to respond to
nuclear incidents;
4.

Develop early warning systems to identify the size and
scope of the nuclear problem;

5.

Create mechanisms to rapidly monitor, evaluate and
exchange information; and

6.

Coordinate response mechanisms to limit the impacts of
the incident and to provide certain assurances that the
environment, food supplies and population are being
adequately protected.

As an aid to accomplish these goals, it was suggested that:
1.

The veterinary profession must conceptualize their
relationship to specific types of nuclear incidents.
They must address these relationships in terms of
immediate post accident response, intermediate phase
response, and long term response.

2.

Veterinary medical personnel should receive training
in disaster veterinary medicine. This training should
include certain aspects of radiation biology and
associated sciences and technologies.

3.

Veterinarians should develop an understanding of the
types, nature and effects of different types of
incidents on the environment; radionuclides associated
with each type of release; and the concepts and
parameters associated with food ingestion pathway
analyses and associated responses.

4.

Adequate numbers of samples, throughout the environment, should be taken during and after a nuclear
release situation, in order to assure collection
of adequate amounts of scientific data.

5.

Laboratories should be staffed with well-trained
persons capable of performing rapid analyses on
submitted samples and provide rapid results to
emergency response personnel.

6.

Standardization of sampling procedures, methods of
measurement, evaluation of the results and certi-
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fication procedures should be required for products
travelling regionallyf nationally or internationally.
This standardization process should provide
additional assurances, to concerned individuals,
that product of animal origin is safe to consume.
Future interdisciplinary research projects among
physicists, medical doctors, veterinarians,
sociologists and other related professions should
be performed on the effects of radionuclide
contamination within th*e biosphere.
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TABLE 1
Principal Elements of Interest in the Fallout After
A Significant Nuclear Accident
Rad ioNuclide

Half Life

Kr-85
Kr-85m
Kr-87
Kr-88
Xe-133
Xe-135

10.72
4.48
1.27
2.84
5.25
9.09

Water soluble
short half-life

Te-132
1-131
1-132
1-133

3.26 a )
8.04 d )
2.30 h )
20.80 h )

Water soluble
medium half-life

Sr-89
Cs-134
Ba-140
Ce-144

50.50
2.03
12.70
285

Water soluble
long half-life

Sr-90
Cs-137

29.10 y )
30.00 y )

Particles
Transuranium
elements

NP-239
Pu-238
Pu-239
Pu-240
Pu-241
Am-241
Cm-242
Cm-244

2.36
87.80
24100
6540
15.00
432
163
18.10

y
y
y
y
y
d
y

)
)
)
)
)
)
)

Non-water
soluble
Water soluble
Water soluble

Zr-95
Nb-95
Ru-103
Ru-106

64
35.20
3 9.30
368

d
d
<3
d

)
)
)
)

Noble gases

*

h = hours
d = days
y = years
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Y
h
h
h
d
h

d
y
d
d

)
)
)
)
)
)

)
)
)
)

Irradiation
from the
cloud

Main c o n taminants in
food chain

a)
Other c o n taminants
that could
be present
in the food
chain

TABLE 2
Guideline for Determining Acceptable Levels of
Radiation in the Environment to Allow Grazing of Cows

Time between
accident and
start of the
grazing

GRAZING PERIOD
1 day

7 days

14 days

More than
23 days

mR/hr
2.4 hours

68

15

12

11

1 day

46

10

8

8

6 days

44

10

8

8

13 days

110

25

20

19

30 days

850

56

36

25
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TABLE 3
Radionuclides of Concern for Food Chains
Involving Animals

Rad ionuclide

Radioactive
Half-life

Human Health' Concern

8 days

Presence in milk
and milk products
of cows, sheep, and
goats. Accumulates
in thyroid.

Cs-134

2 years

Cs-137

30 years

Analog of potassium.
Concentrates in
muscle and soft
tissue, also present
in milk and milk
products of cows,
sheep and goats.
Accumulates in
muscle and soft
tissue of humans.

Sr-89

53 days

Sr-90

28 years

1-131
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Analog of calcium.
Concentrates in
. bone. Present in
milk and milk
products of cows,
sheep and goats.

TABLE 4
Transfer Coefficients of Importance for Selected
Radionuclides
(fraction of daily intake per liter or kilogram)

1-131

Cs-137

Sr-90

Species

Milk

Milk

Meat

Milk

Meat

Cattle

0.02

0.007

0.03

0.002

.0006

-

0.30

-

.002

Pigs

-

Sheep

0.1

0.1

0.2

-

-

Goats

0.1

0.1

0.20

-

-

4.4

-

Chickens

-

-
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