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Introduction

On November 30 and December 1, 1988, the New Jersey Department of Environmental
Protection (DEP) and three other State agencies (Health, griculture and State Police) participated
in the ingestion pathway portion of the 1988 Salem Nuclear Generating Station Emergency Exercise.
The purpose of this phase of the xercise was to demonstrate the ingestion pathway components of
the State's Radiological Emergency Response Plan (RERP) to the Federal Emergency Management
Agency EMA) . 'Me intent of this paper is to provide a summary of difficulties and some lessons
learned in implementing the DEPs ingestion pathway Protective Action Guides (PAGs) during the
exercise as well as during the preparation of a total population dose estimate TPDE).

SurnmaKy of 1988 Ingestion Pathwgy xercise

The first day of the ingestion pathway exercise was concerned with evaluation of deposition
measurements, selection and prioritization of sampling locations for foodstuffs, and the demonstration
of sampling procedures. A majority of these activities were conducted at the DEPs Forward
Q)mmand Post (FCP) located II miles east of the reactor site. Second day activities were conducted
at the Department's decision-making location, the Technical Assessment Center (TAC) located at
DEP offices in West Trenton. The TACs functions included:

a. Screening analyzed samples based on either Environmental Protection Agency's (EPA) or
Food and Drug Administration (FDA) preventive and emergency PAGs (response levels).

b. Isolating and/or condemning foodstuffs on a municipal level using the attached
decision-making criteria.

C. Determining the fraction of PAGs using radionuclide concentrations.
d. Making recommendations to the State Police on areas to be isolated and/or condemned for

foodstuffs.
e. Placing farm animals in the contaminated area on sored feed.
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In addition to the decision-maldng activities during the exercise, DEP submitted to FEMA
a report that demonstrated the DEP's ability to estimate the total population dose for the scenario
developed for the exercise.

Problems Encountered Implementing PAGs

The implementation of PAGs during the ingestion pathway exercise and their subsequent
re-evaluation during the preparation of the PDE raised a number of issues where additional
guidance in the RERP would have made decision-making at the CP and the TAC easier. A
summary of these issues is presented below.

1. Sampling of Contaminated Foodstuffs

a. What is a representative sample?
b. How many samples are needed to adequately evaluate a property? A municipality?
c. To make a protective action decision, should each type of crop be sampled? Each group

of crops (Le. leafy vegetables and produce)? A representative crop from each group?
d. How should non-agricultural foodstuffs such as hunting and migratory birds be handled?

Lessons Learned

For ease of implementing PAGs, DEP used one sample from each crop group to either
isolate or impound a foodstuffs for a municipality. The sample used in the decision-making process
was usually taken in the area of highest deposition concentration and consequently represented a
conservative sample.

Although hunting (especially deer) can be controlled at weigh-in stations, the control of
migratory birds is more complicated due to the large migratory range (entire Eastern Coast).

2. Application of Individual Radionuclide Response Levels

a. What de-minimis level should be used?
b. Should the thyroid continue to be treated as a critical organ or integrated into a whole

body dose?
c. Only during the TPDE evaluation was DEP able to better quantify radionuclide intake

by age groups. Should the most sensitive portion of the population be used to evaluate
ingestion or should all age groups be considered?

Lessons Learned

'Me DEP accepted EPA/FDA Position on these issues, but feels that future guidance must
address these.

3. Implementation of PAGs

a. What is the appropriate target population for contaminated foodstuffs?
b. What and how much data is neded from the field sampling teams?
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c. Should doses from other phases of the exercise (plume and deposition) be included
during decision-making for ingestion PAGs?

Lessons Learned

The target population was assumed to be the municipality where the crop was grown or
harvested. There was no easy means to determine the distribution of these crops to market due
to the proximity of large population centers (i.e. Philadelphia and New York). In addition, there
are a large nmber of truck farms with multiple crops which influences the effective implementation
of the PAGs.

There was a tendency to use one short-lived radionuclide (i.e. 1131) and one of two
long-lived radionuclide (either Co-60 or Sr-90) in determining PAGs for foodstuffs. Due to the
time constraints during the exercise, it was later discovered during the TDE that some initial
decisions were erroneous because other radionuclides were: not included or were more restrictive.
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SUMMARY REPORT OF WORKING GROUP ONE

Chairman: Bruce Denney, Minnesota

ISSUE: For what protective actions and situations are ingestion PAGs needed?

1. What are the problems and benefits of having different PAGs for emergency and
non-emergency accident conditions? Likewise for near-field and far-field conditions with
respect to time and distance from the accident location.

After much discussion regarding what this question really asked, it was determined that the
words 'need for food" should have been added after the "non-emergency". So the question
really referred whether or not there is a need to have different PAGs for accidents in which
there is a normal uncontaminated supply of food and for accidents in which there is a shortage
of these foodstuffs.

The group concluded that PAGs (protective action guidelines) should address 'normal"
accidents, i.e. those in which there are foodstuffs available. Modifiers or multipliers of some
sort should be applied to other specific situations.

In terms of defining what the PAGs should be, many group members believed that a single
numbered approach would be easier to use than the pesent two-tiered Preventative-Emergency
approach and that such a system would be more in line with what is happening on the
international level. In addition, mention was made of using a system of derived intervention
levels, e.g. that are present in the CODEX document, instead of dose levels.

With regard to far- and near-field situations, many opinions were expressed regarding what
they really are. Is near-field for the ingestion pathway the 50 mile EPZ or the country from
which the contamination originates from? Is far-field anything greater than 750 miles away or
is it a neighboring country affected by the fallout? In any case, the group decided that the
same PAGs or derived intervention levels should apply to either situation - near- or far-ield.

Lastly, in terms of the time factor, it was determined that one year was the appropriate amount
of time that the PAGs should be applicable. After one year, long term guidance involving
lower PAGs or models incorporating planned exposures should be incorporated.

2. Which types of conservatisins are appropriate and which am not appropriate for consideration
in the development of PAGs? Which conservatisms may be best relegated to derived response
levels or other guidance?

The workshop group decided that the conservatisms used in the development of the PAGs
and H.,s (derived intervention levels) should be the same. Factors such as age dependent
DCFs (dose conversion factors), diet pertinent radionuclides and pathways were discussed. It
was agreed that agreeing on the proper conservatisins was a very difficult task - but that

89



somewhere along the line, it must be done. Many of the group members felt that the PAGs
should be based on doses to standard man and that there are enough conservative assumptions
built into standard man DCFs, that use of the DCFs would also protect more sensitive
population segments, e.g. infants. Use of such a PAG would only involve calculating the dose
for adults and eliminate the need to also calculate doses for infants.

Other dscussions also demonstrated that many people have differing ideas as to what PAGs
really are. Are they doses? concentrations? guides? or guidelines? Are PAGs and PARs
(protective action recommendations) separate entities or are they part and parcel of the same
thing? Some members expressed a concern that the definition and use of this term should be
clarified in the guidance and that some other term, e.g. intervention level, etc., might be a
better term to use.

Lastly, it was expressed that PAGs and DUs may be of little practical use, since State governors
are often the ultimate decision makers in the States, and are Eree to change PARs based on
political, economic or other considerations. Perhaps there is a need for adjacent States and
countries to have memorandums of understanding to agree upon the PAGs and PARs that they
will use in case of an accident.

3. What type of guidance is needed regarding cumulative dose? What are the problems and
benefits of this type of guidances

After some discussion it was decided that the term cumulative dose referred to the sum of
the plume dose, re-entry-relocation dose, and ingestion-dose - not the collective or population
dose.

It as the view of most of the group that there is no need to sum these doses and that each
one should be treated independently of the others. This is further addressed in a later question.

4. Which protective actions for te ingestion pathway need specific PAGs?

Discussions within the work group indicated that there are three groups of protective actions
that may or may not need PAGs:

1) High impact protective actions, e.g. embargoing, in which concentrations or doses are
greater than the interdiction levels or PAGs (e.g. DII-s = CODEX criteria), need
protection actions.

2) Long term protective actions, e.g. seedling, liming soil, etc., need protection actions.

3) Low-impact preemptive or precautionary protective actions, e.g. puting animals on stored
feed, may not need PAGs because they're done for ALARA purposes.
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5. What are the problems and benefits of having a specific PAG for each protective action?

There are a wide variety of radiological situations that may justify the development of PA
specific PAGs. The use of such multiple PAGs hwever, may actually hinder PA decision
making processes due to the increased complexities and time involved in manipulating and
assessing the PAGs.

To minimize these potential problems, it may be best 1.0 establish a smaller number of PA/PAG
combinations that would be applicable to many different accident scenarios.

6.. What problems should be addressed in developing separate PAGs for water and food?

A major problem in developing PAGs is that guidance appropriate for specific accident
scenarios, g. nuclear power plant accidents, may not be appropriate for other types of
nuclear-related accidents. Tis process is further complicated by the xistence of many
jurisdictional divisions within the federal government, each of which has its own authorities
and methods of doing business, etc. Although it may be 'cleaner" to keep agency guidance
separate, the development of uniform PAGs applicable to a radiological accident situations
may be more effective.

With respect to PAGs for water and food, for example, the working group decided that there
is a need to develop a PAG for water for emergency conditions and that this PAG should be
similar to the PAG for food under similar conditions.

Another consideration brought up in the group is -that if all water treatments can lower
concentrations to levels less than the 4 millirem per ytr limit, why bother with an mergency
water PAG?

7. What environmental conditions differentiate between emergency and non-emergency accident
conditions for ingestion osure pathways?

This question was not discussed by the working group.

8. What problems should be addressed In the development of separate PAGs for home produced
or collected food and drinking water as compared to food and drinking water In commerce?

Ile working group decided that the PAGs for both ituations should be the same, but that
the protective actions for these groups may be different. For example, commercial apple
growers may need to clean their apples in a manner different than the homeowner with a few
apple trees should take.

It was also decided that it may be necessary to identify special population groups that may
require special PARs. The best means of identifying tese groups is by using local agricultural
agents.
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9. What problems should be addressed regarding the relationship of ingestion PAGs to other
categories of PAGs?

The question refers to summing plume, recovery and ingestion doses together. The working
group decided that this is not appropriate during the emergency phase or first year, but that
there may be a benefit for establishing such a dose limit for long term exposure. This should
be addressed in future recovery guidance.

In addition, concern was expressed regarding the confusion or demmas that conflicting or
incompatible federal guidance may create. An example of this is the FEMA requirement for
decontaminating 20% of the 10 mile EPZ population at relocation centers which may be
located only 15 to 20 mes from the affected plant. If these centers are in areas which are
considered to be contaminated because of ingestion pathway concerns, the surrounding
groundshine may inhibit decontamination efforts by masking the contamination on the evacuees
themselves. In addition, there may be little merit in decontaminating evacuees when they may
become recontaminated as they codt the decontamination facility.

Clearly there is a need for federal agencies, States, etc., to confer and consult with each other
so that consistent and coordinated guidance will be produced. To make this guid -e work,
of course, concurrence must be reached by all of the agencies involved.

10. When should ingestion PAGs be replaced by limits for population exposure under normal
conditions? What problems should be addressed regarding this topic?

'Me working group obtained clarification on this question and determined that the question
was not one of using the population doses as a basis for initiating PARs, but rather - by
deleting the word "population' rom the sentence - was a question regarding how long PAGS
should be applicable. 1is was determined to be one year, after which the limits of exposure
should become more in line with the limits for normal operations.

11. What problems should be addressed with regard to special categories of foods and special
population groups?

The working group decided that special foods and population groups should be treated as
exceptions to the general PAG guidance and that such cases may merit individual PAs.
Questions were raised regarding the point at which these PAs should be applied - i.e. during
processing; at end point of consumption; etc. This needs further evaluation.
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SUMMARY REPORT OF WORKENG GROUP TWO

Chairman: Charles W. Mfller Iinois

ISSUE: What considerations should be evaluated in te process of selecting PAG values for
ingestion pathways?

This Working Group addressed the issue "What nsiderations should be evaluated in the
process of selecting PAG values for ingestion pathways?". During its deliberations, the Working
Group considered nine questions, eight developed by EPA. staff prior to the meeting and one based
on discussions during the first half-day of the Workshop. Each of these questions is listed below,
followed by a summary of the Working Group's conclusions about that topic.

L The basic principles for selecting all PAG values can e summarized as:

Avoid unreasonable risk of radiation induced healtheffects, and

avoid additional health risk when it is cost effective o do so; but

the risk from the protective action itself must be less than the radiation risk avoided.

What problems may be encountered in applying tese principles to Ingestion PAGs? Are
additional principles needed?

The first principle fisted involves the idea of setting a PAG on the basis of health risk. This
principle is the chief driving mechanism in the process. Health professionals often state that
this principle should be the only principle for setting health related standards. Standards are
actually based on 'acceptable risk', however, rather tan just pure health risk.

The second principle listed is difficult to implement ad a source of great controversy. It may
be implicitly involved in the 'acceptable risk" decision, however, even when its explicit inclusion
is vehemently avoided, i.e., there are limits to what sciety will pay to lower the risk.

The third principle is more of an implementation problem than a PAG-setting problem.
Basically, it says there are exceptions to every rule. Often, this principle is not quantifiable,
and it is subjective rather than objective. For example, following the Chernobyl accident,
Sweden raised the allowed limit for radioactivity in reindeer because their original PAG would
have caused unacceptable societal costs to Laplanders.

The Working Group also suggests that a fourth principle be added to the list:

The PAG system developed should be as simple as possible.

For example, one should not develop different PAG guidance for different phases of the
accident. An overly complicated PAG system will only lead to confusion for both those officials
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who must apply the PAG and those members of the general public who must ultimately
implement any protective action recommendation.

2. What problems are introduced or avoided by the use of fixed value PAGs as opposed to
ranges of values?

Where ranges of PAGs are used, confusion, indecision, and disagreement may result when
deciding which PAG to use. There is, in many cases, a tendency to accept the lower, more
conservative number as the predominant PAG. 'Mere may be justification for ranges of PAGs.
such as socioeconomic reasons; but if ranges are used, plans should stress when and how the
ranges are to be used.

Single PAG values are much easier to implement and, in most cases, wl result in fewer
problems than a range of PAGs. Even when single values are used, they may be adjusted
according to circumstances which may warrant changes.

In summary, we recommend that PAGs be based on dose and be single fixed values.

3. What problems should be addressed regarding harmonization of PAG values between States
and between countries in the selection of PAG values? Are the problems different where
commeme is the issue? Units?

The only way of achieving protection without falling into the "zero risk' trap is to have
credibility. berefore, it is essential that everything reasonable be done to give any PAG
credibility. Some of the things needed to achieve credibility are:

Scientifically supportable.

Accepted by the States.

Accepted by all other relevant governmental jurisdictions.

Preferably accepted by other countries.

A single value (rather than a range).

Costs must be considered, and the costs expended must be reasonable (neither too high
nor too low).

EPA can play an important role in helping to achieve credibility. It speaks with a single voice,
is authoritative, and speaks for the whole nation. Nevertheless, in order to establish a credible
PAG, the EPA must:

Work with the States in establishing the PAG (or, perhaps, with CRCPD or a
subcommittee of CRCPD).
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Demonstrate a good faith effort in dealing with the concerns of the States and with other
public interest groups (although generally it will not be possible to completely satisfy each
State or public interest group).

Credibility and harmonization between States is the best way of impeding political interference
by State governors.

EPA is probably the best agency to work towards hrmonization between countries. It must
be recognized that harmonization between countries will be much more difficult to achieve
than harmonization between States because of variation in level of economic development
cultural values, and perception of risL There is no gency or body that speaks for the whole
world in a way similar to the role played by EPA or the nation.

PAG values should probably be expressed in international units. This is especially important
in achieving harmony between countries.

4. What social/political problems sould be addresseA in the selection of PAG values for
ingestion pathways?

The socialipolitic�l problems which are faced in the use of PAGs are related to the need to
communicate with the public and decision makers in simple, direct language which will be
accepted by those groups. This presents the difficulty of the use of terms which are understood
by the public and decision makers (e.g., safe levels) versus terms which are used in radiological
health (e.g., comparative risks). In addition to communication issues, there is a need for
consistency with other similar guides or standards. The terminology used should be the same.
In the international community the terminology sed is Becquerel and Sievert. It is
recommended that PAGs should be stated in the same terms for consistency and ease of
comparison. Compatibility of standards is a key to acceptance, as is simplicity and consistency.

5. What problems need consideration in selecting PAGs for particular exposure pathways and
population groups?

The iodine-milk-infant pathway is considered a critical exposure pathway. Differences between
the diets of the general population and infants may aso need to be considered, as an infant's
diet is predominantly milk.

A standard U.S. diet should be established. This will allow all to know the basis for PAGs,
and everyone will have the same guidance.

The guidance needs to thoroughly xplain the assumptions and data supporting derivation of
PAGs. In going from dose to Derived Intervention Levels 1311-s), the rationale/reasoning for
this conversion must be carefully explained.
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The group suggests using a single dose PAG for a ages of the general population; do not
establish an infant-only PAG. Also, during an emergency, the same number should be used
for milk and water.

EPA should emphasize that the PAG is a generic calculation for decision malting only, not
an indicator of actual dose to a person. It is the responsibility of States and local governments
to apply PAGs to special population groups under their jurisdictions.

6. What problems require evaluation with respect to selection of PAG values to apply to different
types of accidents (eg, accidents involving primarily beta-gamma emitting nuclides versus
those involving primarily alpha emitting nuclides)?

In applying these PAGs to DRs, if the peak concentration value is used, more information
needs to be developed on weathering, root uptake, and other factors that affect the projected
human intake. If a constant concentration is used, this problem should not be there.

7. What problems should be evaluated regarding a change in the dose quantity from c- -Amitted
dose equivalent (CDE) to committed effective dose equivalent (CEDE) with special limitations
to the thyroid in terms of committed dose equivalent?

'Mere will be public perception that government is pushing the limit up if we do not have a
separate limit for the thyroid.

International recommendations have separate limits for organs. To ignore them wl require
justification.

Mixing CEDE with CDE is contrary to the proposed principle of simplification.

'Me factor of 3 difference between the 03 weighting factor for thyroid and the international
limitation of 10 times the CEDE value for organs may not be significant if other uncertainties
are considered.

8. What problems are created or solved by considering the cost of specific protective actions?

Cost is usually implicitly considered in most health or protective actions. The difficulty is the
explicit consideration of cost because it has numerous (and almost inherent) uncertainties in the
calculations. Those factors used (and assumed) can be calculated by many individuals or groups,
resulting in continuing controversy. Cost should be analyzed as part of the evaluation on
whether achieving the proposed level is reasonable.

If cost is used explicitly in developing dose or derived levels for specific foods or food actions,
this will likely result in different levels and destroy the smplicity of the guidance. It will then
be difficult to explain why higher levels are allowed in certain cases.
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In conclusion, a basic cost analysis should show the acceptability of the levels selected or other
factors (i.e., acceptable risk). That is, such selected values should be used unless the cost
analysis shows that the cost of achieving such levels is unreasonable.

9. Should there be separate PAGs for food and water'?

The group suggests one number for water and milk. (7his wl help with public perception.)
Water and milk should be generally considered as food. EPA should take into consideration
how this one PAG number impacts both the adult and child.
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SUMMARY REPORT OF WORKING GROUP THREE

Chairman: Michael Mobley, Tennessee

ISSUE: What considerations are important for the development of guidance for protection from
contaminated water?

Herein is provided a narrative of the conclusions reached by Work Group 3 which was tasked with
the problem: What considerations are important for the development of guidance for protection from
contaminated water? The Group was chaired by Michael Mobley (TN) with Charles High (PA) as
the scribe.

The narrative is driven to some extent, by the example topics provided in the guidance to the Work
Groups.

1. What problems should be evaluated regarding the allotment of a portion of the ingestion
PAG to drhdd" water as opposed to having separate PAGs?

The group response to the question went beyond the scope of the question and addressed a
proposed fundamental philosophy for the entire igestion PAG issue. Several axioms or
boundary conditions apply to the philosophy.

a. 'Me PAG is an effective whole body equivalent dose commitment.

b. The PAG for ingestion should be considered separately from those for plume exposure
and for reentry and relocation.

C. The PAG for ingestion should include anything that is put into the mouth and swallowed;
i.e. food and water considerations are combined rather than assigned separate and distinct
PAGs.

d. The practical expression of the PAG should be in. terms of concentration (pCiA or pCi/kg)
of each specific radionuclide likely to be encountered. This concentration should be called
the Interdiction Level.

e. The Interdiction Level is applicable at any stage in the foodAvater processing for
consumption; from raw to packaged.

f. The term "interdiction' means that reaching or exceeding that concentration requires a
conscious decision. It does not mean condemnation.

g. Where a mix of isotopes is observed in a sample, the sum of the fractional Interdiction
Levels shall not exceed unity.
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h. Compliance should be determined by radioassay. Protective Actions, however, are not
necessarily contingent on radioassay.

i. Consideration could be given to parceling the PAG into three compartments; for example,
water, solid food, and milk based on model diets according to relative consumption rates
(liters per day or kilograms per day), and using the most sensitive group for each vector.

j. If only one vector is contaminated, say mil1r, the entire PAG may be used for that vector.

2. What exposure pathways from contaminated water other than drinking water are likely to
be a problem?

a. Given the system described above, problems should be minimized, since water is water.
See also items 6 7 and .

3. What problems may be caused by surface ranow. What types of guidance would be
appropriate?

a. Occurrence of runoff should require additional monitoring to assess consequential changes
in water concentrations and isotopic mix. Then appy principles in topic 1, above.

4. What situations or special population groups may cause specific exposure problems that
require guidance?

a. The combined PAG is driven by the most sensitive group for each vector. Also since
the Interdiction Level applies to any level in the process, most food fetishes will be
indirectly addressed. No guidance is needed for the short term, say, the first year.

5. What monitoring problems need evaluation and resolution?

a. Calibration sources shall be N3S traceable.

b. Ile chain of custody for samples should be established.

C. The Lower Limit of Detection (LLD) for each analytic method should be defined
mathematically.

d. The required value of the LLD should be established for each nuclide, and perhaps each
vector if the PAG is to be aocated among water, food and milk. For example, should
the LLD be 0.1 of the Interdiction Level, or should it be 0.05?

e. A protocol for sampling priorities should be developed; i.e. what do you grab first.
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f. A protocol for analytic considerations should be. developed, a sort of triage. This is due
to the fact that the lab capacity for through pu wl be the constrictor in the process.

6. What problems, solvable by guidance, are related to contaminated water (non-drinidng water)
under accident conditions?

a. Consideration of dnking water for livestock nd water for irrigation are beyond the
scope of this discussion.

7. What problems or benefits should be evaluated regarding water treatment fcilities?

a. Two problems are the disposal of flock and other water treatment wastes, and the disposal
of sewage sludge. 'he resolution of the problem w require some method of determining
the point at which these wastes will require special treatment, and by whom.

b. Some thought should be given to the limiting cncentration, if any, for the use of water
for sanitary purposes and for fire protection.

8. What problems are related to the weathering of water systems? How do they relate to the
type of system?

a. Turnover rate must be considered along with the body of water in question with rivers
of concern for shorter periods, and reservoirs for longer time frames.

b. Guidance is needed for the selection of a removal coefficient or its derivation based on
decay, weathering, and turnover.

9. What problems can legally be solved by dilution?

a. It is customary to blend water to achieve desirable water quality.

b. Deliberate dilution of food for the purpose of lowering a contaminant concentration is
not an acceptable practice, according to FDA rules.
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SUMMARY REPORT OF WORKING GROUP FOUR

Chairman: Duncan White, New Jersey

ISSUE: What guidance is needed to support implementation of PAGs for ingestion exposure
pathways?

Summaly

This report summarizes the discussions of Working roup 4 at the 'Workshop on Protective
Action Guides for Accidentally Contaminated Water and Food'. The Working Group discussed
the guidance needed to support implementation of Protective Action Guides (PAGs) for the
ingestion exposure pathway. The group expressed concerned that any derived response levels
(DRI.,s) that were developed for contaminated foodstuffl; should be as simple as possible and
uniformly implementable. This concern resulted in the group recommending guidance which would
serve as the basis for developing DRI-S per radionuclide per given food group. The Working Group
envisioned the PAGs implemented as a single set of DRIs based on the entire diet being
contaminated for the maximum exposed group in the population. It was felt that PAGs based on
DRIs derived in this manner would provide sufficient protection to the entire population. Since
the DRI-s were derived for the most critical group in the population, there should be no need for
different DRLs for special population groups.

The remainder of the paper summarizes the Working Group's discussions and/or consensus
on the 11 topic areas identified for this issue.

Discussion of Topic Areas

1. What problems or beneflts are associated with the categorization of DCFs and DIUs for
nuclides into two or three values for the purpose of simplification? How do tese problems
relate to special population groups?

The Working Group felt that dose conversion factors (DC!F) and particularly DRIs used for
the implementation of ingestion PAGs should be as simple as possible. In the course of the
group's discussion of this topic, a number of issues were identified and discussed.

a. PAGs should apply to all nuclear accidents, although it was recognized that the greatest
application of the PAGs would be nuclear power plant accidents due to the radionuclides
involved and area impacted.

b. The methodology for implementing PAGs should be provided to the States so that their
implementation would be uniform and consistent. Specific examples would include
sampling protocols, analytical procedures, DCFs and food intake factors.

C. Under current guidance, direct measurements of the foodstuffs in question are needed
in order for the authorities to interdict and remove the contaminated foodstuffs from the
market. he group agreed that the authorities should be able to interdict foodstuffs
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without any measurements because it would provide more time to evaluate the impact of
the accident Likewise, there should be no geographic limitation on interdiction. Decision -
makers need the flexibility to look at the overall seriousness of the situation and balance
potential losses.

d. International guidance should be considered during the development of guidance for the
U.S.

e. PAGs should be expressed as whole body dose equivalent.

f. Ile discussion of applying PAGs to special population groups lead to the consensus that
the DRLs should be structured around the most critical group in the population. If this
is done, there would be an added level of safety for the rest of the population and no
other special group needs consideration. The group identified as the critical group for
nuclear accidents impacting the ingestion pathway were farmers because they had the
highest potential of any group in the general population for consuming home-grown
foodstuffs.

2. What problems or benefits are associated with assuming that the entire diet is contaminated
for purposes of conservatism and simplification?

This issue is a continuation of the critical group approach discussed in the previous section.
Since the local farmers would probably have the largest portion of their diet from food and
water taken directly from contaminated areas, assuming that their entire diet is contaminated,
would provide sufficient protection to the remainder of the population. Assuming that the
critical population's entire diet is contaminated does raise a number of important issues.

a. Assuming that the entire diet is contaminated makes the calculation of DRIs simpler.
A single DRL per radionuclide per foodstuff could be determined. If multiple nuclides
are involved for a single foodstuff, their sum should not be greater than unity.

b. The risk of assuming that the entire diet is contaminated is a DRL that is too conservative
because of the assumptions introduced. Examples of conservatisms introduced would
include: assuming that the entire diet is contan-dnated, use of peak radionuclide
concentrations instead of average concentrations and protection from stochastic effecs
based on the population versus an individual. Te best way to limit the overly conservative
nature of the DRLs would be the evaluation of several scenarios with the range of diet%
expected in the population. This would provide an assessment of what is likely to really
happen instead of the worst case. This type of evaluation is analogous to Reactor Safm
S!Mdy (WASH-1400).

C. Not everyone has the same diet. Ile single DRL determined for a particular food stuff
may not offer the level of protection intended because it may have been derived based on
a particular mix of foods. In these cases, the DRL could be used as a screening level until
a site-specific dose assessment is performed.
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3. What implementation problems are associated with having different PAG values for emergency
response and for food in commerce under accident conditions 

Ile Working Group recommended that only one set of PAGs be used for all foodstuffs. The
system with two tiers of PAGs, one for mergency conditions and a second one for commerce
or preventive situations could not be implemented. The lower or preventive PAGs would
become the only guidance utilized. The food with radionuclide concentrations between the two
tier levels would not be utilized because of its acquhred label. With the one tier system, there
is sufficient protection to the population because if te maximally exposed individual meets the
DRL, then the rest of the population should meet the PAG.

4. What should be done to increase public comprehension and improve communication with
the public regarding radiological emergency response planning and guidelines?

In order to improve the public's comprehension of radiological emergency response planning
and guidelines, the group identified two courses of action. The first would be the creation of
a document that is prepared for non-technical people such as reporters and political officials.
Secondly, intervenor groups and the public should be briefed on the basic concepts and how
the DRLs were derived.

5. What problems can be solved by evaluating the eectiveness of specific protective actions?

The best place to evaluate the effectiveness of the PAGs would be in the marketplace at the
wholesale level. At this point, if there are still radionuclide concentrations in excess of the
DRL, then interdiction would be more effective than at the retail level.

The group felt that a de-minimis criterion is needed to stop testing foodstuffs on an emergency
basis. It would serve as a benchmark for the transition from emergency to routine monitoring.
In the laboratory, this would have practical implications since the level of analytical sensitivity
is different for emergency samples compared to the routine samples. With regard to estimating
the total population dose, the estence of a de-minimis level would limit the extent of the
assessment.

6.. What implementation problems have been experienced with regard to specfflc protective
actions? Wt evaluations or guidance is needed regarding these problems?

As discussed above, the use of two tier system is not practical and should not be recommended
in federal guidance. For example, there is little chance food processors would accept milk with
radionuclide concentrations between te preventive and emergency PAG to make cheese or ice
cream. Tis highly unworkable scenario and ones like it should not be endorsed or suggested
in the guidance. The use of a single tier system eliminates these types of problems.

The development of PAG guidance should look at reasonable scenarios such as power plants
and transportation accidents. The nuclear war/general disaster scenario is not appropriate.
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The final implementation problem discussed by the group was the lack of federal consensus
in this area. Without such consensus, conflicting guidance from two different agencies win
result in implementation problems for those affected, namely the States. Conflicting guidance
also contributes to a credibility problem for public officials during the emergency.

7. What problems have been experienced in the application of DCFs or DRIs that require
special evaluation or guidance?

The discussion of current federal guidance (such as FEMA REP-13) lead the group to conclude
that although the PAGs for foodstuffs in this document are workable, the evaluation process
is cumbersome and requires a good deal of training to be used effectively. A better approach
to implementing the PAGs for contaminated foodstuffs would be a system of pass or fail. The
use of individual nuclide specific limits for each foodstuff eliminates much of the need for
special guidance.

The implementation of the PAG guidance endorsed by the group would require a significant
amount of evaluation and assessment before the DRIs are determined. If this ork is
performed prior to any accident and incorporated into the appropriate emergency plans, then
the implementation should not be too difficult.

What problems regariding disposal of contaminated water or food require special evaluation
or guidance?

'Me group did not see any particular problems for disposing of contaminated foodstuffs. The
contaminated foodstuffs should be put back on the ground where they originally came from.
This is no different than the current protocol used for wash water from decontamination
operations.

The long term disposal issue becomes the contaminated soil. This soil could be allowed to
decay, plowed under or treated as low level radioactive waste where it would be dug up and
disposed of in a licensed facility.

9. What problems have been experienced in the implementation of ingestion PAGs for special
population groups?

The issue of special population groups was discussed in the first sections. If the single nuclide
specific limits for each foodstuff is implemented as discussed, there would be no concern for
special population groups because the DRL would provide sufficient protection.

If the special population group's food source became contaminated, then an alternative food
source could be substituted to prevent a food shortage. If the diet of the special population
group deviates far from the basis of the DRIs, Eskimos instead of the farmer) then a diet
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specific assessment would be needed to determine cceptable DRLs to meet the PAG As
indicated above, until this assessment is performed, the original DRLs could be used for
screening.

10. What problems arise from implementation of relocation and food restrictions simultaneously
under separate PAGs?

The implementation of relocation and ingestion PAGs simultaneously would not present any
problems for most of the population because they w b well below the single set of DRLs
proposed for contaminated foodstuffs. The portion of the population not rlocated would be
potentially exposed to the contaminated foodstuffs and would be subject to the ingestion PAGs.
Tlere could be special restrictions on certain member.; (assume most sensitive) of the relocated
population if no locally grown food is aailable. In his case, the change in diet may require
reassessment of the DRI-s, not the PAG. As long as the ingestion DRIs are met, the
population should have sufficient protection.

11. What problems are associated with the long-term management of food production on
contaminated land? What evaluations or guides mm needed to resolve these problems?

The long term management of contaminated foodstuff would consist of the continued
measurement of foods and comparison of those results to the single tier DRLs. Return to
routine monitoring of food when de-minimis levels are reached. Depending on the time of
year of the accident and the type of crops grown in the contaminated areas, monitoring of
foodstuffs could continue for a few years.

There may be a need for special studies and sampling of the soil to determine suitability for
agriculture. Surface water sources may also require: further evaluation to determine their
suitability for irrigation, recreation or drinking. Long term studies of radionuclides trapped in
river, lake or estuary sediments may also be needed. Any of these studies would provide
information needed to make decision on the use, access O need for additional remedial
measures.
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Appendix A

Proposed FAO1WHO Levels for Radionuclide Contamination
of Food in International Trade Following

an Accidental Nuclear Release

1. Purpose

1. The aim of this document is to provide to the Codex Alimentarius Commission joint FAO/WHO
recommendations to control foods in international trade that have been accidentally contaminated
with radionuclides. The goal is to provide a system that can be uniformly and simply applied by
government authorities and yt one that achieves a level of public health protection to the individual
that is more than adequate in the event of a nuclear acident.

I The levels proposed are based on very conservative ssumptions and are intended to be used
as values below which no food control restrictions need to be applied. Measured values above
these levels are not necessarily of public health concern but should alert the competent food control
authorities for the need to assess the potential health detriment

11. Background

3. Following the April 1986 Chernobyl, USSR nuclear reactor accident, large amounts of
radionuclides were released into the atmosphere and carried by weather patterns prevailing at that
time for many thousands of kometers through Europe and the Northern Hemisphere. At the time
of the Chernobyl accident there was a definite lack of omprehensive international guidance on
radionuclide contamination and authorities responsible for griculture, environment, health and trade
were unable to take uniform action to control radionuclide contaminated food and feed. Differences
between countries on acceptable levels of contamination of food led to confusion and disruption of
trade.

4. Compared with background radiation from natural and man-made sources that existed before
the Chernobyl accident, exposure to X-rays for medical purposes and other types of radiation
exposure, radiation protection experts pointed out that exposure to Chernobyl-related radionuclide
contamination would add only a small increment to pre-Chernobyl levels of exposure. Due to the
known carcinogenic and mutagenic effects of radiation and varying estimates of increased rates of
cancer from Chemobyl-related contamination, many consumers were not reassured by these
statements.

5. For about four to six weeks after the Chernobyl accident confusion ested about whether or
not to let children play outside, whether or not to plough under leafy green vegetables exposed to
heavy fallout and whether or not interdiction of local and international shipments of foods and
other agricultural products was warranted. Most countries that were directly affected by radioactive
fallout from Chernobyl took significantly different and usually less restrictive approaches to control
the levels of radionuclide contamination in food than those countries that were not directly affected.
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6. Following the widespread confusion and concern that isted after the Chernobyl accident, FAO,
WHO and ][AEA took action to provide additional guidance to member countries on appropriate
responses to nuclear accidents. Other bodies such as the Organization for Economic Cooperation
and Development (OECD) and the Commission of European Communities (CEC) also took action
to provide guidance to their member countries. The International Commission on Radiation
Protection (ICRP) also undertook to review its previous guidance on nuclear accident responses.

7. Shortly after the Chernobyl accident, the Director-General of FAO called on the FAO
Secretariat, working in close collaboration with WHO and IAEA, to develop limits for radionuclide
contamination for foods in trade which could be accepted by the FAO/WHO Codex Alimentarius
Commission and utilized by FAO and WHO member countries to assure orderly trade in foods in
the event of accidental contamination with radionuclides. The FAO Secretariat commenced this
work through preparation of papers examining various aspects of the problem, which were reviewed
by the December 1986 FAO Expert Consultation on Recommended Limits for Radionuclide
Contamination of Foods. This Consultation included food control, radiation protection, and safety
experts from several countries. The recommendations of the FAO Expert Consultation were
transmitted by the FA0 Director-General in January 1987 to aH FA0 member countries, a United
Nations agencies and to all other nown interested parties so that the FAO recommendations could
be used as interim guidance in controlling foods in international commerce until all consulv .'ins and
final recommendations were available from FAO, WHO and LkEA.

8. The FAO Expert Consultation Report and recommendations were introduced into the odex
Alimentarius Commission approval and recommendation process by requesting the Codex Committee
on Food Additives and Contaminants (CCFA) to consider the FAO report in its March 1987
meeting, prior to the June-July 1987 Session of the CodexAJimentarius Commission (CAC). The
CCFA reviewed and generally endorsed the FAO Expert Consultation report, commended FAO on
its rapid action, and requested FAO and WHO to convene a Codex Working Group prior to or
during the June-July CAC Session so that Codex member countries could include appropriate
expertise in their delegations to consider the FAO Report in depth before any action by the CAC.
A Working Group was scheduled as requested by CCFA to meet during the CAC session but was
subsequently cancefled at the request of MO which suggested postponing the CAC review until
after WHO had completed its work on developing guideline values. The June-July 17th Session of
the CAC took note of the CCFA recommendations, commended FAO for providing the only
available international recommendations for radionuclide contamination in foods in trade and urged
speedy completion of the WHO work so that a joint FAO/W`HO approach could be reviewed for
approval by the CAC Executive Committee in its July 1988 session.

9. The FAO December 1986 Expert Consultation utilized food control principles to uniformly
allocate the total amount of radioactivity from a dose of miuisieverts (5 mSv) over 100% of the
food consumed. 'Me FAO Expert Group assumed that aH foods would be contaminated and utilized
the most sensitive population group and body tissue in making its recommendations. On this basis,
the group recommended interim international radioactivity action levels in foods which were
considerably lower than those recommended by other groups. The FAO interim values were not
significantly different from some national levels and those adopted by the Commission of European
Communities (CEC) soon after the Chernobyl accident.
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.10. In assessments of acceptable contamination levels made by VVHO, LAXA OECD and the
European Community Article 31 group in 1986-1987, approaches tended to concentrate on radiation
protection and safety principles rather than food control nd food law procedures. The dose level
of mSv was accepted by most groups as a basis for calculation. However, differences of
assumptions about the percentage of food supply that might be contaminated and about which dose
conversion factor should be used usually resulted in higher contamination levels than the FAO
interim levels.

11. During late 1986 and 1997 WHO engaged several consultants and held a preliminary meeting
in April 1987 to prepare the WHO recommended health-related approach to radionuclide
contamination in foods. In September 1987, WHO held a xpert consultation in Geneva and also
invited participation of FAO, OECD, IAEA, ICRP nd the Commission of the European
Communities (CEC). The VVHO Expert Consultation provided a methodology and guideline values
which could be used by national authorities as a basic for setting their own levels. The reference
level of dose was accepted as mSv and food consumption was normalized to a hypothetical intake
of 550 kg/y. The potentially contaminating radionuclides were divided into two main classes, the
actinides such as Plutonium 239 and a others such as Caesium 137. Only food groups that were
consumed in quantities greater than 20 kgly were used in the calculation of the guideline values, and
special values for infants were developed. Additivity of radionuclides contaminating one or more
food groups was accommodated. These values, while assisting member states to develop their own
levels, were considered too complex and unsuitable for application to international trade in food.

12. In January 1988, the WHO Executive Board urged the Director-General to continue to
cooperate with FAO in developing uniform recommendations on maximum levels regarding
radionuclides in food moving in international trade for nsideration and adoption by the Codex
Alimentarius Commission.

13. The principles applied to the control of contamination of foods moving in international trade
are similar to those used in national food control legislation. These have been successfully applied
by the Codex Alimentarius Commission in making recommendations about environmental
contaminants such as lead, cadmium and mercury in food, and are the basis for current work on
the establishment of guideline levels for aflatoxins. These food protection principles are based on
the utilization of safety factors which assure the consumer of wide margins of safety beyond the basic
levels derived from known health and toxicology research data. At the same time they provide
national food control authorities with simple and uniform levels which can be applied to all foods
moving in trade, whatever their origin, and whatever their destination in the distribution chain after
clearance by control officials.

14. In most countries, national food law prohibits sale or shipment of food contaminated with
poisonous or deleterious substances. However, it is ecognized that certain low levels of
contaminants are unavoidably present in food and maximum levels for their occurrence have to be
set to protect the safety of food supplies to all consumers. In arriving at a contaminant level,
todcological data on test animals are reviewed, and a series of conservative assumptions and safety
factors are applied in setting the contamination level to be used for regulatory food control purposes.
If a no-effect level has been demonstrated in controlled animal feeding tests, that level is the
departure point for applying conservative assumptions and safety factors to arrive at a much lower
contamination level for foods for human consumption. o contaminants such as radionuclides or

113



mycotoxins where a no-effect level cannot be established, additional considerations are applied in
setting contaminant levels which acknowledge the impossibility of avoiding a inadvertent
contamination of foods with these substances.

15. The FAO Expert Consultation in December 1986 recommended interim limits for radionuclides
in food. At that tme, these were regarded as interim levels which would probably need revision at
a later date as a result of the experience gained from the Chernobyl accident. It is recognized that
both the FAO and VMO guideline values require specific knowledge of the profile of contamination
and are not necessarily applicable to the control of future unknown accidental contamination through
existing food control legislation.

16. It is therefore necessary to develop values that can be readily applied to future accidents under
existing food control legislation.

III. Derivation of Values

17. On xamination, the approaches of WHO and FAO, and indeed of other organizations, are
basically similar. They a assume a reference level of dose (usually mSv) a total average food
consumption rate a dose per unit intake factor for various radionuclides and a patterp of food
consumption, and calculate the levels by the following formula:

RLD
Level = m x d

where RLD = Reference Level of Dose (Sv)
m mass of food consumed (kg)
d dose per unit intake factor (Sv/Bq)

I& Controlling radionuclide contamination of foods moving in international trade requires simple,
uniform and easily applied values. 11is approach is one that can be uiformly applied by
government authorities and yet one that achieves a level of public health protection to individuals
that is considered more that adequate in the event of a nuclear accident.

19. In making these joint FAO/WHO recommendations the following assumptions
have been made in calculating the levels:

1. 5 mSv has been adopted as the reference level of dose for an accident. This value,
for most radionuclides, is the committed effective dose equivalent resulting from
ingestion in the first year after an accident Owing to the extremely conservative
assumptions adopted, it is most unlikely that the application of the following levels
will result in a dose to an individual greater than a small fraction of mSv.

2. 550 kg of food is consumed in a year, a of which is contaminated.
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3. Dose per unit intake factors for the radionuclides of concern 1311, 137CS, 134CS,
9OSr, and 239Pu) can be conveniently divided into three classes and applied to the
general population:

(a) those with a dose per unit intake of 10-6 Sv/Bq such as 239Pu and other actinides;

(b) those with a dose per unit intake factor of 10-7 Sv/Bq such as 90ST and other
beta eminitters; and

(c) those with a dose per unit intake factor of r8 Sv/Bq such as 134Cs, 137Cs, and
1311.

20. Applying these assumptions to the above formula, the level for the general population for the
radionuclides in the 10-8 Sv/Bq group would be:

5 x 1(y3 909 B/kg
550 X 1-8

which can then be rounded to 1000 B/kg. For the actinides this value would be 10 Bq/kg, as the
dose per unit intake factor is 100 times larger, and for the radionuclides in the 17 7 Sv/Bq clan (such
as 9Sr), it would be 100 B/kg.

21. It is recognized that the sensitivity of infants may pose a problem if the dose conversion factor
for the general population were applied to them indiscriminately. WHO, in its document Derived
Intervention Levels for adionuclides in Food', proposed separate guidelines for infants. The values
were based on an infant consumption of milk of 275 Uy and the specific dose conversion factors for
infants for 9Sr, 131I, and 137Cs.

The resulting VMO Guidelines values were:

9OSr 160 B/L
131P 1600 B/L
137Cs 1800 B/L

The value for 131I was based on a dose of 50 mSv to the thyroid and a mean life of
ingested 1311 of 11.5 days.

'Derived Intervention Levels for Radionuclides in Food. Guidelines for application after
widespread radioactive contamination resulting from a major radiation accident. VMO, Geneva,
1988.
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22. However, the dose per unit intake factors for infants ingesting alpha-emitting actinides have
recently been revised upward and as a prudent measure, a dose per unit intake factor of r 5 SV/Bq
for these radionuclides has been applied to infants consuming milk and infant foods.

23. To reflect the infant's sensitivity, 1311 has been amigned a dose per unit intake factor of IY7

Sv/Bq, putting it in the same class as 9Sr.

24. For infant foods and milk the application of these dose per unit intake factors results in a
level of I B/kg for the alpha emitters of the actinide series and any other radionuclide with a dose
per unit intake factor of 10-5 Sv/Bq, and 100 B/kg for Sr and 1311 or any other radionuclides
assigned a dose per unit intake of 1-7 Sv/Bq.

25. By infant foods is meant a food prepared specifically for consumption by infants in the� first
year of Iffe. Such foods are packaged and identified as being for this purpose.

26. The proposed levels are tabulated below:

FOODS DESTINED FOR GENERAL CONSUMPTION

DOSE PER UNIT REPRESENTATIVE LEVEL

INTAKE FACTOR RADIONUCLIDES (Bq/kg)

(Sv/Bq)

1(y6 24LAm, 239Pu 10

1(y7 9OSr 100

10 1311, 134Cs, 137Cs 1000

27. For infant foods and milk a dose per unit intake factor of 1y5 Sv/Bq is used instead of the

10-6 Sv/Bq value and 1311 is assigned to the 17 Sv/Bq class of radionuclides.

MILK AND INFANT FOODS

DOSE PER UNIT REPRESENTATIVE LEVEL

INTAKE FACT`OR RADIONUCUDES (Bq/kg)

(Sv/Bq)

1(y5 24lAm, 239Pu 1

1(y7 131I, 9Sr 100

10 134Cs, 137Cs 1000

NOT'ES: As the proposed levels have extensive conservative assumptions built in, there is o need

to add contributions between dose per unit intake groups, and each of the three goups should be
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treated independently. However, the activity of the accidentally contaminating radionuclides within
a dose per unit intake group should be added together if more than one radionuclide is present.
Thus, the 1000 B/kg level for the Sv/Bq dose per unit intake group is the total activity of al
contaminants assigned to that group. For example, following a power reactor accident, 134cs and
137Cs could be contaminants of food, and the 1000 B/kg refers to the summed activity of both
these radionuclides.

28. The levels suggested arc designed to be applied only to radionuclides contaminating food
moving in international trade following an accident and not to the naturally occurring radionuclides
which have always been present in the diet.

29. Both FAO and WHO have cafled attention in their expert meeting reports to special
consideration which might apply to certain clases of food which are consumed in small quantities,
such as spices. Some of these foods grown in areas affected by the Chernobyl accident fall-out
contained high levels of radionuclides following the accident. Because they represent a very small
percentage of total diets and hence would be very small additions to the total dose, application of
the suggested levels to products of this type may be unecessarily restrictive. FAO and VVHO arc
aware that policies vary at present in different countries regarding such classes of food and suggest
that further Codex Alimentarius Commission consideration should be given to a more uniform
approach to harmonize international trade practices for inor dietary components, no matter what
the contamination may be.

30. These levels are intended to be applied to food ppared for consumption. They would be
unnecessarily restrictive if applied to dried or concentrated foods prior to dution or reconstitution.
Further Codex Alimentarius. Commission consideration should be given to the policy to be adopted
when dealing with any contaminant of such foods.

31. By an accident is meant a situation where the uncontrolled release of radionuclides to the
environment results in contamination of food offered in international trade.
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Appendix 

Official translation from Russian

Accident in the Southern Urals on 29 September 1957

by

B.V. Nikipelov, G.N. Romanov, LA. Buldakov,
N.S. Babaev, Yu.B. Khoha and EL Mikerin

To a very great extent, the negative attitude towards nuclear power which has arisen in
certain sectors of our population can be explained by the inadequate information that has been
provided concerning the activities of nuclear fuel cycle facilities. This involves questions rating
to the construction of new nuclear power plants, and ao a comparison of their effects on the
environment with those of more traditional industrial undertakings such as thermal power stations,
chemical enterprises and metallurgical plants. We are concerned here, furthermore, with information
on accidents that have occurred in plants belonging to the: nuclear industry and the consequences
of those accidents.

In the years immediately following the Second World War a military installation was set up
in the southern Urals to produce a completely new type of weapon, nuclear weapons in fact, which
were needed to strengthen the defensive capacity of our country. With a truly heroic and
superhuman effort on the part of the Soviet people, under extremely difficult conditions including
conditions which had a deleterious effect on the health of the staff -- this nuclear shield was created.
During the first few years of operation no experience was available with facilities of this kind, and
problems affecting the enviroranent and the health of personnel had not yet been studied in a
scientific manner. As a consequence, certain parts of the territory surrounding the facility were
contaminated during the 1950s.

Very serious radioactive contamination resulted firom an accident which occurred on
29 September 1957. Owing to a fault in the cooling system used for the concrete tanks containing
highly active nitrate-acetate wastes, a chemical xplosion occurred in these materials and radioactive
fission products were released into the atmosphere and subsequently scattered and dposited in parts
of the Chelyabinsk, Sverdlovsk and Tyumensk provinces.

The radioactivity released amounted altogether to about 2 million Curies (1 Ci = 37 x IWO
Bq; the Chernobyl accident released 50 million Ci). The omposition of the material released is
indicated in Table 

For the area with a Sr contamination density of 0.1 Ci/km2 (double the level of global
fallout), the maximum length of the deposition track under the radioactive plume formed reached
300 km; for Sr contamination density of 2 Ci/kM2 it reached 105 km, with a width of 89 km.
The area density distribution is shown in Table 2.

'Me presence of gamma emitters among the contaminating nuclides was responsible for the
external iradiation of the population and the environment. During the initial period the dose rate
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was about 150,uR/h (1 R = 258 x 10 coulomb/kg) in the area with a OSr contamination density
of CVkM2.

Owing to radioactive decay of the short-lived nuclides, contamination levels and gamma dose
rates in the area of the accident fell off fairly rapidly during the first few years after formation of
the cloud track see Table 3 and subsequently the radiation situation was governed entirely by the
presence of strontium-90 and its rate of radioactive decay. The exposure of the population in the
contaminated territory was due in the first instance to external irradiation from the soil and from
objects in their dwellings including their own clothing - and also to internal irradiation due to the
consumption of contaminated food and dnking water and inhalation of activity at the tirle when
the cloud was being formed. Subsequently (after half a year to a year) internal exposure from
contaminated food was predominant

The radiation protection measures adopted for the population were as follows:

- Evacuation of the population;

- Decontamination of some portions of the agricultural land;

- Monitoring of contaminated levels in agricultural products and rejection of produce
with activity levels exceeding the accepted norms;

- Limitations imposed on the utilization of contaminated land; and

- Reorganization of agriculture and forestry, with the creation of speciali2� state
farms and forestry enterprises operating in accordance with the special
recommendations worked out in the light of the accident.

The dynamics of the evacuation exercise for persons living in regions with a Sr
contamination density above 2 Ci/kM2 are shown in Table 4.

In the immediate aftermath of the accident - that is, within 7 to 10 days - six hundred
persons were evacuated from the settlements in the most severely affected area; and aout ten
thousand persons were evacuated in the 18 months following the accident. Altogether 10,180
persons were evacuated. Maximum average exposure doses preceding evacuation reached 17 rem
in external exposure and 52 rem in effective dose equivalent (150 rem to the gastrointestinal tract).

Decontamination consisted mainly in ploughing under the surface layers of agricultural land.
In 1958 and 1959 about 20,000 hectares of land at the head end of the cloud track were loughed
under in the usual way and in 1960-1961 deep ploughing was carried out on 6200 hectares of land,
in the course of which the contaminated surface layers were turned under to a depth of more than
50 cm.

A regime for firniting the use of contaminated areas and the access of the population to
such areas was introduced immediately after the accident at the head end of the cloud track, and
after completion of the evacuation in 1959 this regime was extended to the entire region with a
9OSr contamination density in excess of 2 Ci/km 2; this region was then subjected to special sanitary
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protection regulations. Subsequently, in 1962, this zone ws reduced to 220 2 , with a maximum
9OSr contamination density of 100 Ci/kM2 at the far end. 7be rest of the territory was returned to
agricultural use.

In 1958, 59,000 ha were removed from agricultural use in Chelyabinsk province and 47,000
ha in Sverdlovsk province. Beginning in 1961, these lands were gradually returned to agriculture.

In Chelyabinsk six special state farms were set up, nd in the Sverdlovsk region three such
farms; in the latter region, agricultural production was restored in 1961. In Chelyabinsk province
the restoration of lands to agricultural use was virtually completed by 1978, and by now 40,000 ha
out of a total of 59,000 have been returned to agriculture.

The work of the specialized state farms is carried out in accordance with special scientific
and political regulations developed for the purpose' and is concentrated primarily on the production
of meat as a product with minimum Sr levels by comparison with other foodstuffs. For economic
reasons the specialized state farms do yield other products as well, but where contaminated lands
amount to 10-15% of the total agricultural land available t the farms, this land is used exclusively
for the production of cattle and pig fodder. Levels of contamination of meat and milk on the
specialized state farms of Chelyabinsk province are shown in Table 5. The effectiveness of this
agricultural system, evaluated on the basis of the reduction in 9Sr levels brought about in the
produce of the specialized state farms by comparison with the levels in "unregulated' agricultural
produce, amounts to factors of 27 for meat production and 34 for milk. However, these figures
cannot be applied to the produce of individual farms.

Non-evacuated population continued to five in areas with an average maximum r
contamination density of around Ci/km� The main exposure pathway for these people after the
initial period following the accident was ingestion of strontium-90 with food, in particular milk (as
much as 60-80%); strontium-90 is deposited in the skeleton, with consequent irradiation of bone and
red bone marrow. After thirty years, the daily intake of strontium-90 with food by these members
of the population had dropped by a factor of 1300 in comparison with the initial period of the
accident, and by a factor of 200 compared with 1958. Ibis was due to the fact that strontium-90
concentrations in milk and other products fell off more quickly than would be expected from the
isotope's decay rate (by factors of as much as 110 over thirty years) owing to physico-chemical
processes which transformed the strontium in the sort as well as other natural processes. The annual
firnit on intake of strontium-90 for a limited sector of the public, namely 032 jLCi/year under
NRB-76/87 [the 1987 radiation safety standards] was exceeded at a contamination density of I Ci/krn 2
over the first four years flowing the accident. At present the annual strontium-90 intake for
members of the population living in areas with a contamination density of I COun 2 averages 3 of
the permissible annual intake, the largest value being 12% in one settlement.

'The relevant recommendations were formulated by aperts of the Experimental Station set
up by the USSR Ministry of Medium Mechanical Engineering in 1958 to study the consequences
of te accident. Tis work was carried out in co-operation ith the local branch of the Institute
of Biophysics of the USSR Ministry of Health.
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2After thirty years in areas with a maximum average Sr contamination density of 1. Ci/krn 
the effective dose equivalent was 12 rem, of which about 25 rem affected the red bone marrow and
about rem the bone. If we take a dose limit of 0.5 rem per year for exposure of the ed bone
marrow, the aggregate exposure over thirty years was 25: (0.5 x 30 = 017 of the permissible limit
under NRB-76/87. his evaluation could well be increased by a factor of two, however, i view of
the uncertainties in the formation of irradiation pathways.

In addition to studying matters of health and safety and the ecological situation that had
arisen in the areas affected by the radioactive cloud, special medical brigades performed therapeutic
and diagnostic tasks among the local population and carried out a public information campaign aimed
at ensuring the best possible approach to radiation hygiene. Tis latter campaign consisted largely
of propaganda for personal hygiene aimed at preventing the uptake of radionuclides i human
beings, confiscation of foodstuffs contaminated beyond acceptable levels and in the replacement of
those foodstuffs by pure uncontaminated products. In the first stage of the accident an effort was
made to interrupt the food chain at the fodder-growing and stock-raising level: this was dring the
autumn and winter. Interruption of the food chain at the soil-fodder-crop-growing level was carried
out in a second stage, during the spring and summer of the following year when radionuclides were
reaching living organisms with the new harvest. The main steps taken at this stage were deep
ploughing of the radionuclides and careful monitoring of fodder and of food for human conf.�mption.
Deep ploughing-under of the soil was started in the late autumn of 1957, but was carried out to a
large extent in the summer of 1958. This was a measure which reduced the gamma dose by a factor
of ten.

These should not be considered as radical measures. Although they made it possible to
reduce the uptake of radioactive materials by human beings by a factor of more than ten, the
radiation burden to internal organs was reduced by no more than a factor of two. This was due
to the composition of the radionuclide mixture in the fallout from the accident.

Other clean-up measures also proved to be inadequately effective, especially as
decontamination, owing to the special geographical characteristics of the region, produced
comparatively poor results.

Medical surveillance of the population was carried out in the following manner. The zone
affected by radioactive contamination was mapped out and the population living in that zone was
transferred, stage by stage, to localities free of radioactive contamination (see Table 4 In all the
inhabitants of the region - those who were resettled and also those who lived on the boundary of
the resettlement zone, i.e. the region with contamination levels lower than Ci/km 2 9()Sr), and
persons living further from the boundary of the contaminated zone - a number of health indicators
were studied: these included general physical state, blood formation (haemopoiesis), neurological
status, the development of children, the condition of new-born infants and their physical
development, the development of aergies, the condition of the gastrointestinal tract, the incidence
of infectious illnesses, and infant mortality. During the first three years after the accident these
studies were carried out once a year and in the subsequent period once every ten years. The
investigations are continuing at the present time with a view to finding any malignant tumours that
have developed as well as other similar afflictions, and to establishing the causes of death among
persons who spent a short time in either the contaminated region or in control areas.
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These dynamic population studies have revealed the following. During the first three years
the resettled population and groups living in the area with Sr contamination levels above 2 i/km2
(see Table 6 exhibited no excess over control groups of specific symptoms such as radiation sickness
in any of its forms, nor were there any instances of bone marrow depression or any organic
neurological changes or cases of aergy development. There was, further, no manifestation of any
increased frequency of vegetative-vascular disorders, myocardial infarction, ypertonic: states or any
similar disorders. Furthermore, although in 21% of the prsons investigated - out of a total of more
than 5000 individuals at certain times - a reduction in the leukocyte count in the peripheral blood
was found on one occasion, there was rarely any reduction in the thrombocyte count and equally
rarely any functional neurological disorders. The external gamma dose among this group of people
amounted to anywhere from 07 to 17 rem, and the effective dose equivalent to 2 352 rem. Ile
main dose, for example, was three to four times greater than the permissible effective dose
equivalent to the gastrointestinal tract during the flat year owing to the presence of "non-absorbable'
radionuclides in the fallout mture.

Special attention has been given to what is the most strongly indicative and most sensitive
criterion of both the health and safety situation and the ecological state of the environment, a
criterion which reacts rapidly to radiation - namely infant ortality, i.e. deaths among children aged
less than one year. The investigations were conducted aong the inhabitants of areas affected by
the cloud, among persons living in areas with a OSr soil contamination density of less than I Ci/km2
(control group number 1) and among persons living in regions remote from the boundaries of the
cloud track (control group number 2.

As can be seen from Table 7 even against the background of very high infant mortality in
those years, it was not possible to detect any aggravating influence of enhanced radiation levels on
this indicator. A certain excess of infant mortality in the second control group was due to high
frequencies of pneumonia and disease of the newborn.

As we know, the theoretical assumption that anomalies may often occur in the offspring of
irradiated parents has given rise to a great deal of apprehension. Investigations aimed at clarifying
this effect were carried out in the period 1980-1987, i.e. at a time when the radiation doses received
as a result of the accident were bound to have had their full effect not only on the fst but on the

second generation of persons subject to the action of radiation. The resultant data are presented

in Table .

This information, based as it is on a large volume of data, appears to confirm that the

radiation levels we have been discussing have no effect on the appearance of congenital defects,

or on mortality from such defects, in individuals iradiated in the first and second generations

following an accidental release of radioactive fission products.

Investigators all over the world have been particularly interested in the development of

malignant tumours as a result of exposure to ionizing radiation at any and a doses. The idea that

such tumour formation is possible elies on the hypothesis of a linear development of cancerous

growths which has no threshold. However, an analysis of te incidence of such disease, and of the

causes and levels of mortality rom malignant neoplasms, carded out over decades, has indicated no

significant difference between irradiated and unirradiated populations as far as the incidence of such

illness and the structure and level of mortality are concerned (see Table 9.
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Table 9 encompasses mortality levels from all types of cancer. It wl be seen, in the first
place, that there are no differences in mortality depending on the place of residence of the persons
concerned. Secondly, with time, in the USSR as in the world as a whole, and also in areas affected
by the radioactive cloud, mortality from malignant turnours is increasing - the consequence of a
general worsening of the ecological situation in the world. The role of radioactive contamination
and doses of ionizing radiation against the generally unfavourable background is so small as to be
scarcely detectable. The radiation levels built up following the events of 1957 are well below the
limit which, in the light of all the realistic factual evidence available to us, could be considered as
significant - in other words below a dose of 50 rem. Even this level, in terms of effective dose
equivalent, was received by only a limited number of people (see Table 4 and in this population
no meaningful deviations in the structure of riess have been detected up until now.

The scientific investigations which have been carried out since 1957 on the territory affected
by the radioactive cloud in the Urals have yielded data of fundamental theoretical and practical
importance:

- Information relating to the spatial and temporal distribution of radionuclides in
terrestrial and aqueous ecosystems, and to the behaviour of radionuclides in the food
chains of land and water animals;

- Information relating to the dynamics of formation of the radioactive cloud, the time
required for the plume to become established, the stability of the plume, its
redistribution in space and time, and so on;

- The paths by which dose burdens to man, natural organisms and communities were
formed in the acute period and in the longer term;

- Biochemical and biophysical turnover of radionuclides;

- The biological effects of radiation observed in natural organisms and in members of
the population;

- Forecasts of root and non-root uptake of radionuclides in crops and livestock, and
measures to reduce the levels of radioactive contamination; and

- Organization of safe and rational methods applicable to agriculture, forestry, water
bodies, and fish and game culture in the areas affected by radioactive contamination.
Possibilities for the reorientation of public and individual farm production.
Arrangements permitting agricultural production without the necessity of any special
agrotechnical or zootechnical measures in areas with the following degrees of
radioactive contamination: 5 Ci/kM2 _ grain, hay, natural grasses; up to 10 Ci/kM2 _

milk, seed grasses, silage crops; up to 25 Ci/kM2 - beef, root plants; up to 51D Ci/krn 2
- fodder grain crops; and up to 100 Ci/km 2 - pork, potatoes, fodder grain crops for
processing, seed grasses, seed grains.

The scientific investigations carried out from 1957 onwards made it possible to establish a
reliable long-term prognosis for the development of the radiation situation following the Chernobyl
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accident, to predict the biological effects of the accident on various elements of the environment
to develop practical recommendations for reducing the negative consequences of the Chernobyl
accident on agriculture, forestry, and on land- and water-based wildlife in the parts of the Ukraine
affected by radiation and also in parts of the Gomel' and Mogflev provinces of the Byelorussian SSR.
The work of the radioecologists in the Urals is being ontinued in this direction.

The xperience obtained in managing the radioecological and radiation-hygiene consequences
of the Chelyabinsk and Chernobyl accidents has been used in the preparation of a 'Guide to the
Planning and Implementation of Measures Designed to Reduce the Negative Radiological and
Radioecological Consequences of Accidents Going Beyond the Design Basis Accident and Involving
Releases of Radioactivity to the Environment', which, once it has been approved by the state
regulatory bodies, ill be used when necessary by udertakings in the nuclear and nuclear power
industries.
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Table I

Characteristics of the radionuclide mixture released in the accident

Radionuclide Contribution to Half-life Type of Nature of
total activity radiation radiological
of the mixture, emitted hazard

89Sr traces 51 d 7'

9OSr + 90Y 5.4 28.6 Internal irradiation
(skeleton)

95Zr + 95Nb 24.9 65 d 7- External iradiation

106Ru + 106Rh 3.7 1 y 7' External

137Cs 0.036 30 y 7 External and nternal

144Ce + 144Pr 66 284 d -T External

147Pm traces 2.6 y 7-

155Eu traces 5 y T

239,24OPu traces -

Table 2

Area and population of the contaminated region

Density of radioactive
contamination, Area of the Population of the:
Ci/km2 9OSr) region, kM2 region x 103)

> 0.1 > 15,000 - 270

including:

> 2 1,000 10

> 100 120 2.1
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Table 3

Dynamics of the radiation situation

Contamination density
Time after
accident, Gamma dose rate
years Gross activity 9OSr, (relative units

(relative units) Ci/km2 based on initial value)

0 1 0.027 1

1 0.34 0.026 5.6 x 1-2

3 0.10 0.025 8.2 X 1-3

10 0.043 0.021 9.S X 14

25 0.029 0.014 3.8 x 10

Table 4

Dynamics of population evacuation ad of exposure dose
to the population before evacuation

Population Average contam- Time required Average dose received
group and ination density, for evacuation, uR to evacuation, rem
size x 13) Ci/km2 9r) days External Effective

exposure dose eq.

1: 060 500 7-10 17 52

II: 028 65 250 14 44

III: 20 18 250 3.9 12

IV: 42 8.9 330 1.9 5.6

V: 31 3.3 670 0.68 2.3

Total: 10.18

Following the Chernobyl accident 115,000 persons were ealuated.
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Table 

9OSr concentrations in the meat and milk of cattle
during the period 1965-1988

Indicator 1965- 1971- 1976- 1981- 1986-
19170 1975 1980 1985 1998

Meat ftgj)

1. Specialized state farms

Observed
concentration, pCi/kg 0.59 0.45 0.27 0.097

Normalized (permissible) 2

concentration, (pCUkg)/(CiAun 12 6.8 3.7 1.8

Milk

Observed concentration, pCi/L 33 28 18 1.2

Normalized concentration,
(pCi/L)/(Ci/kM2) 32 23 15 1.2

2. Privately held cattle

Observed concentration, pCi/L 210 110 140 :130

Normalized concentration,
(pCi/L)/(CUkM2) 220 110 150 140
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Table 6

Observed changes in the health f individuals living
in areas with a contamination density of 2 CVkmz

(by comparison with control groups)

Syndrome Frequency of occurrence
(% of patients ivestigated)

Radiation sickness (all forms) None observed

Bone marrow depression None observed

Reduced leukocyte count in blood 21

Reduced thrombocyte count A few cases

Functional neurological disturbances A few cases

Organic neurological changes None observed

Allergy development None observed

Table 7

Mortality among infants aged < year per 1000 births
in area affected by the plume

Causes of mortality Plume track Control No. I Control No. 2

All causes 27.7 31.4 38.6

Nutritional disorders 15.2 12.2 5.1

Pneumonia 1.7 3.1 16.1

Irtfectious illnesses 1.6 2.3 3.0

Disease of the newborn V 13.8 14.5
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Table 

Mortality of newborn infants with innate developmental
defects (per 1000 live births)

In the whole of the In Chelyabinsk In Sverdlovsk
affected zone, including province province
the plume track

0.95 +/ 08 1.0 + 08 1.1 0.07

Table 9

Mortality due to malignant neoplasms
,(per 100,000 inhabitants)

In'the whole of
Period of the affected zone, In Chelyabinsk In Sverdlovsk
research including the province province

plume track

1970-1980 145.8 146.6 -

1980-1987 160.7 167.6 159.4

130


