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FOREWORD 

The extent of the consequences of an accidental release of radioactivity 
is strongly dependent upon a wide number of parameters. In particular, the 
characteristics of the source term, and seasonal, climatic and meteorological 
conditions have a substantial influence on the physical factors involved in 
transport and deposition of airborne contaminants, and on the transfer and 
accumulation of radionuclides in terrestrial and aquatic ecosystems. These 
environmental conditions also have a significant influence on living habits and 
practices, and thus on potential radiological and economic impacts. Moreover, 
these conditions may affect the features and the impact of countermeasures 
which are adopted for the protection of the public in the event of an acci
dental release. 

The NEA organised a workshop in September 1988* to discuss such matters. 
The workshop provided a review of the influence of such environmental condi
tions as season, climate and weather on the radiological consequences of an 
accident, and on the implication of these conditions for the implementation of 
mitigative measures. Knowledge of these influences on accident consequences 
exists in the scientific community but, as demonstrated by the response to the 
Chernobyl accident, does not appear to be fully recognised by decision-makers 
or the public. Clearly, there is a need for transferring the results of scien
tific studies on seasonal, meteorological and climatic effects into actual 
emergency response planning processes. 

Therefore, the Committee on Radiation Protection and Public Health felt 
that the current international guidance could be usefully supplemented by 
specific guidelines addressing this particular aspect. For this reason the 
Committee asked a Group of Consultants to prepare a technical reference docu
ment to be used primarily by those developing emergency response plans. 

This report is published under the responsibility of the Secretary 
General of the OECD, and does not commit Member Governments or the 
Organisation. 
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1- INTRODUCTION 

It is generally agreed that the primary protection of the public from 
an accident at a nuclear site should be achieved by engineered safety features 
in the plant itself. These design safety mechanisms should reduce the proba
bility of an accidental release of radionuclides to a very low level. However, 
in order to ensure public safety in the unlikely event of an accidental re
lease, it is prudent to develop emergency plans. The setting up of such plans 
should ensure that the necessary resources will be available and that communi
cations links are workable. 

Following an accidental release, a number of different countermeasures 
could be taken to reduce the exposure of the public. These range from rela
tively minor countermeasures, such as advice to wash green vegetables, to 
potentially very disruptive and widescale countermeasures, such as the reloca
tion of large populations and extensive food bans. In determining which coun
termeasures are most appropriate, given a particular accident, it is necessary 
to consider how the accident is likely to develop, which are likely to be the 
most significant exposure pathways, and what other consequences may result 
(e.g. disruption, monetary cost) if the countermeasures are implemented. In 
other words, it is necessary to estimate what dose saving can be achieved by a 
countermeasure, and to balance this benefit against any harmful (and other 
beneficial) outcomes of the countermeasure [1, 2]. 

Some countermeasures need to be taken quickly, before there has been 
time to evaluate the full impact and future evolution of the accident, in 
order to be most effective. Emergency plans should therefore provide guidance 
on how to make decisions in the absence of full knowledge. It is also not 
possible to predict, before an accident occurs, the exact circumstances which 
will occur following the accident. Emergency plans therefore need to be 
flexible, to enable decisions to be tailored to the particular situation. In 
order to accommodate these requirements, emergency plans often provide guid
ance in terms of intervention levels (or ranges) of dose, which indicate the 
levels of averted doses at which particular countermeasures are likely to 
provide the best overall protection. Where dose ranges are given, the cir
cumstances for which the upper and lower levels in the range were determined 
can be described. Some emergency plans incorporate advice on automatic or 
semi-automatic countermeasures, to be triggered by prescribed changes in plant 
conditions, or environmental measurements. Finally, some plans may make use 
of simple predictive formulas for evaluating the impact and future evolution 
of the accident, based on a few key parameters, and provide alternative guid
ance, depending on the the result. Emergency plans also provide guidance on 
the monitoring strategy to be adopted, and advice on how to interpret the 
results. 

In order both to provide such flexible but straightforward guidance for 
implementing countermeasures (particularly those which need to be taken very 
quickly), and to ensure that the necessary resources are available, both to 
implement the countermeasures and to carry out appropriate environmental 
monitoring, it is necessary, in developing the emergency plan, to investigate 
all the factors which could influence the choice of countermeasures. Seasonal 
effects and meteorological factors can have a very important influence on the 
choice of countermeasures and the monitoring strategy adopted [3]. 
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Different aspects of meteorological and seasonal effects are discussed 
in the report in relation to the influence they can have on the exposure of 
the public. Following this there is a discussion of the implications of these 
effects for monitoring programmes. The document concludes with some recommen
dations for emergency response plans. 

2. THE INFLUENCE OF METEOROLOGICAL CONDITIONS ON THE INITIAL DISPERSION OF 
RADIONUCLIDES RELEASED 

A nuclear accident could result in the release of radionuclides either 
to the air or to a water body. The time-dependent release quantities and the 
relative nuclide ratios represent the important initial conditions directly 
influencing all radiological consequences of a release to the atmosphere or to 
waterbodies. Therefore, all attempts should be made to determine these quan
tities as accurately as possible by on-site or off-site measurements and/or 
theoretical considerations as soon as possible following a release. References 
to literature on possible accidents and their likely source terms are given in 
chapter 8. Although seasonal effects, such as flooding, could significantly 
affect the dispersion of radionuclides released to water, in general it is 
unlikely that meteorological conditions will greatly influence the initial 
dispersion of aquatic releases. Therefore this chapter concentrates on the 
influence of meteorological conditions on the dispersion of radionuclides 
released to atmosphere. 

For releases to atmosphere, the first exposure pathways likely to be of 
concern are direct external irradiation from, and inhalation of, the radio
active cloud. In order to protect populations from such exposure it is neces
sary to take countermeasures quickly, preferably before the radioactive cloud 
arrives. This requires the ability to predict the time of arrival of the 
cloud and the likely levels of exposure which will result. 

Atmospheric processes are very complex, and it is difficult to predict 
in detail how radionuclides will disperse. Generally the airborne concentra
tions can be expected to fall roughly inversely proportional to the distance 
from the source. However, certain meteorological conditions can operate to 
vary this. For example stable dispersion conditions tend to inhibit disper
sion of material, both laterally and vertically, whilst changes in wind direc
tion can cause irregular patterns of air concentration. Moreover, if air 
movements or the thermal energy of the released material cause the radio
nuclides to be transported high into the atmosphere, they may be carried very 
long distances before reaching ground level again. 

In planning emergency response in advance of an accident, it is there
fore not possible to predict precisely which areas will be most at risk, and 
to what levels of contamination they will be subject. For example, following 
the accident at Chernobyl, some areas several thousand kilometres distant from 
the reactor were contaminated sufficiently for the authorities to take coun-
termeasures, whilst other areas much closer to the damaged reactor experienced 
little impact. 
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Because of the complexity of the atmosphere, it is difficult to predict 
hov the radionuclides will be dispersed even at the time of the accident. To 
do this requires a great deal of information about the conditions developing 
in the atmosphere, such as changing wind fields, the evolution of storm and 
frontal systems, and a good knowledge of the vertical spread of the radio
nuclides (since air flows vary in direction and speed at different heights in 
the atmosphere). The uncertainty of predictions generally increases with 
increasing distance from the source, since more information is required about 
the atmosphere. However, at larger distances there will also be more time in 
which to determine the appropriate response, and so it is likely that more 
information will be available on which to base decisions. 

As stated earlier, countermeasures designed to provide protection 
against exposure to radionuclides in the cloud need to be taken quickly, 
particularly when protecting individuals close to the source of the release. 
Given the difficulty of predicting atmospheric dispersion in detail, use can 
be made of the semi-automatic triggering of countermeasures, based on plant 
conditions, or a few measurements and limited predictions. In setting 
"trigger levels" for such counterraeasures it is important to take account of 
the likely range of cloud exposures (inhalation and direct irradiation) which 
could result from accidental releases, depending upon variations in atmo
spheric transport and dispersion. 

3. THE EFFECT OF DEPOSITION PROCESSES 

After inhalation and exposure to direct irradiation from the cloud, the 
next exposure pathway of concern is likely to be external exposure from radio
nuclides deposited on the ground. The results of experiments and measurements 
made of fall-out and after nuclear accidents indicate that the rate of deposi
tion and its spatial distribution can show large variations, depending on many 
factors. However, although measurements should be used to determine the pre
cise level and pattern of deposition, sufficient data exist to enable order-
of-magnitude estimates to be made, for the purposes of initiating decisions on 
countermeasures. 

The rate of deposition depends on several factors, including the nature 
of the radionuclide, the underlying surface and the weather conditions. 
Deposition occurs in both dry and wet weather (in dry weather it is due to 
impaction of radionuclides on the surface). However, the highest deposition 
rates are generally caused by precipitation. Moreover, owing to the spatial 
variation of precipitation, deposition patterns caused by wet deposition tend 
to be more spatially inhomogeneous than those determined by dry deposition 
alone (i.e. levels of wet deposition may vary by factors of 10 or more across 
relatively small areas). 

In dry weather, the deposition of particulates onto rough surfaces 
(e.g. trees in leaf) can be a factor of 10-100 higher than the deposition onto 
very smooth surfaces (e.g. roads, roofs, water). Therefore, in the absence of 
precipitation, deposition per unit surface area in urban areas is likely to be 
lower than in rural areas. 
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Generally the level of deposition in wet weather is determined by the 
rate and type of the precipitation, although the subsequent distribution of 
radionuclides in the environment will be influenced by additional factors. 
Since rainfall can remove radionuclides from a range of heights in tha atmo
sphere (as opposed to dry deposition which only removes material from surface 
level air) rainfall can enhance the deposition of radionuclides, compared with 
dry deposition, by typically a factor of 10, or even 100 if the rainfall is 
heavy and the radionuclides are veil-spread vertically in the atmosphere. 
However, because of the spatially inhomogeneous nature of rainfall, the resul
tant deposition levels may show a wide spatial variation. In such circum
stances it is important for the monitoring programme to be able to adequately 
delineate the areas of higher deposition. 

Other deposition processes, such as snowfall and fog, can also enhance 
the ground contamination, compared with dry deposition. The range of possible 
enhancement factors is large, but, for guidance, it may be considered that 
aerosol deposition by snow is twice that by rainfall, for the same snowfall 
and rainfall rate, whilst deposition by fog, compared with that by dry deposi
tion, may be enhanced by a few times or even up to 100 times if the radio
nuclide air concentration is low [A], 

The distribution of radionuclides deposited by rain will initially be 
determined by where the water travels, i.e. run-off. Heavy rain falling on 
relatively impervious surfaces (urban surfaces or very dry ground) will tend 
to transport the radionuclides away from the point of deposition (to urban 
drains, rivers etc), whereas on soft rural ground, the radionuclides will be 
retained in the soil. During lighter precipitation, or dry deposition, radio
nuclides are more likely to be intercepted by plant leaves and building 
surfaces [5]. 

The radionuclide concentration found in the rain water itself will vary 
depending upon whether the rain droplets condense around the airborne material 
("rain-out"), or whether the rain simply washes radionuclides out of the air 
beneath the rain cloud ("wash-out")- The first process normally leads to a 
higher (3-10 times) radioactive contamination of the rainwater than the 
second. 

Radioactive material deposited onto the ground may be resuspended 
again. In this way, material may become re-distributed in the environment, 
and may also pose a continuing inhalation problem. Resuspension may occur 
naturally, mainly under the influence of the wind, or by man-made disturbance, 
particularly by agricultural activities and vehicles. The importance of ihis 
process depends on the type of surface upon which the radionuclides vere de
posited (e.g. whether or not the surfaces were covered by vegetation, ploughed 
soil, urban surfaces), on the meteorological conditions (e.g. wind, rain), and 
on the nature of the disturbance. The resulting inhalation dose is generally 
low, compared with inhalation of the original cloud and other exposure path
ways. However, in very dry, dusty conditions, resuspension of some radio
nuclides like actinides can potentially provide significant exposure. 

Important new data on deposition parameters is becoming available after 
the Chernobyl accident (6, 7). 
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4. THE TRANSFER PROCESSES OF RADIONUCLIDES TO FOOD PRODUCTS 

The processes by which radionuclides are transferred through food chains 
to man are very complex. Crops and soil are contaminated by direct deposition 
of airborne radioactive material. Subsequently, some material is transferred 
from soil to plants by root absorption, while some is lost back to the soil 
from plants. At the same time, animals ingest radionuclides from contaminated 
feed and soil, and also inhale radionuclides from the cloud. Consequently, 
radionuclides may be ingested by people through many different food pathways. 
Figure 1 shows a simple terrestrial compartment model to illustrate the 
transfer process of radionuclides to food products. 
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Figure 1. A Simple Terrestrial Compartment System [8] 

4.1 Interception by Vegetation 

Radionuclides may be deposited on the external parts of plants directly 
from the atmosphere by wet or dry deposition, via resuspension from soil and 
via irrigation. Some of this material may be absorbed by the plant, some may 
remain on the external surface, and some may be lost by weathering processes. 
The efficiency of the interception depends on many factors, the most important 
of which are: the chemical and physical properties of the airborne radioactive 
material, the atmospheric conditions (humidity, turbulence, wind velocity, 
etc.), the type and density of the vegetation, which depends on the species of 
plant and on its stage of development. (The interception efficiency is, for 
example, increased as the plant develops branches and leaves). 
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Interception of radionuclides by plant surfaces is also influenced by 
agricultural practices. Crops grown under cover vill be, at least partially, 
protected from direct contamination by the cloud (although measurements made 
after the accident at Chernobyl indicated that significant deposition could 
still occur since ventilation of the crops is still necessary). Other influ
ences of agricultural practices include irrigation methods and growing mate
rials. If contaminated irrigation supplies are used, then the soil will be 
continuously replenished with available radionuclides. Peat is often used in 
northern countries when growing fruit and vegetables (tomato, cucumber, etc.) 
under cover. If the peat is contaminated, then this can form a readily avail
able source of radionuclides to the crops, and may result in significantly 
contaminated crops many months after the accident. For crops grown under 
cover, contaminated water and growing material can be major sources of 
contamination. 

4.2 Uptake from the Soil 

The second transfer process to plants is root uptake from the soil. 
Numerous factors and processes affect this uptake; particularly important are 
the type of vegetation, the type of soil and agricultural practices. The form 
and distribution of the root system is important since, together with the 
vertical distribution of radionuclides in the soli, it determines the depth 
down to which the uptake can occur. The type of soil can have an important 
influence on the retention characteristics for a given radionuclide. The soil 
acidity, the presence of chemically similar stable elements and other charac
teristics of tbe soil (presence of sand, clay, etc.) can each affect tie mo
bility of radionuclides, their availability and, consequently, their transfer 
to the plant. Agricultural practices, such as ploughing, irrigation and 
fertilizing, also significantly influence tbo mechanisms by which deposited 
material, is transferred to crops. The type of crop, the harvesting methods and 
the time of year of the harvest depend on national or regional traditions, many 
of which are derived from natural constraints. Figur* 2 shows, for example, 
the times of harvesting of whea* in several countries This shews that, at any 
time of the year, wheat is harvested somewhere in th?» world. 

4.3 Transfer 10 Animal Products 

The contamination of vegetation and water bodier leads inevitably to the 
contamination of animals and their products, many of which ve.g. milk and meat) 
are consumed by man. Ingestion, and, to a r.uch lesser extent, inhalation, are 
the routes by which the radionuclide? reach animal tissues. Tht scale of con
tamination of animal products is strongly influenced by the type and size of 
the animal and the characteristics of its metabolism, but the most important 
factor is the level of contamination of its iced. Feeding practices vary de
pending on the time of year, regional traditions and the type of animal product 
to be obtained. They may vary from open grazing, to a diet composed entirely 
of stored feed; frequently a combination of grazing and teed supplements is 
used. 
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Figure 2. Times of Wheat Harvests in Some Countries [9]. 

INFLUENCE OF SEASONALITY 

As the environment changes between the seasons, so the behaviour of 
radionuclides in the environment and hence the potential exposure pathways can 
vary. In addition, people's activities and lifestyles are modified by the 
seasons, and this, too, affects their potential dose. The main potential ex
posure pathways are inhalation, external irradiation and ingestion of contami
nated food. The influence of season on the potential exposure from each of 
these pathways is discussed in turn, both with regard to environmental changes 
and with regard to variations in people's behaviour. 
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5.1 Influence on Inhalation Pathway 

Generally the major inhalation exposure pathway is direct inhalation of 
the plume and so there is only a minor link between exposure due to inhalation 
and seasonality effects. However, in countries where specific atmospheric 
patterns are closely linked to the season (in particular, the development of 
low inversion layers which may trap the contamination close to the ground for 
long periods of time) it may be useful to take account of these seasonal 
variations when developing emergency plans. 

For some radionuclides (e.g., actinides) and exposure conditions, inha
lation of resuspended particles can be important. Resuspension is likely to be 
greatest in dry and dusty or windy conditions. In countries where particular 
times of year are prone to such conditions, emergency plans which incorporate 
hosing or other precautions against this exposure pathway could be useful. 

The potential exposure of individuals to direct inhalation of radio
nuclides in the cloud is clearly related to whether they are outdoors, and, if 
not, how airtight is the building they are in. On hot, dry days, individuals 
are more likely to be outdoors, and to have the doors and windows of buildings 
open, whereas in winter or on cold nights, most of the population will be in
doors with doors and windows shut. In countries which have a generally hot 
climate, most houses may be more lightly and openly constructed, and so 
sheltering would rarely be an effective countermeasure to take. 

Another factor which may influence the potential exposure of individuals 
to direct inhalation of the cloud is how quickly and effectively counteraiea-
sures against this exposure pathway may be taken. In particular, at tourist 
resorts during holiday seasons, there will be a substantial increase in popula
tion, many of whom may be residing in less substantially constructed accomr.ioda-
tion (e.g. caravans and tents). This may make it more difficult to carry out 
evacuation, and unprofitable to advise sheltering. 

If the release is such that revuspension of radionuclides may be a 
problem, then the likelihood of children playing outdoors during fine weather, 
particularly in sand, should be recognised. 

5.2 Influence on External Irradiation Pathway 

There are two sources of external exposure, irradiation from the cloud 
and irradiation from radionuclides deposited on the ground and other surfaces. 
As with exposure from inhalation, seasonal effects are, in general, unlikely to 
have a major influence on potential irradiation from the cloud. However, sea
son can be very important in influencing the level of exposure from deposited 
radionuclides. In particular, the state of the ground and vegetation and the 
variation of these with time will both determine the behaviour of radionuclides 
in the environment and also influence the level of shielding experienced. 

The exposure from deposited radionuclides may continue for very many 
years at a low level. However, because it is difficult to institute counter-
measures against a long term low level source of exposure, external irradiation 
may form the largest contribution to total dose, following an accident. I> is 
therefore particularly important that the way meteorological and seasonal 
effects can influence external doses is understood by decision-makers. 
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In summer months, in temperate or wet climates, radionuclides deposited 
onto soil will tend to migrate downwards, both becoming available for uptake by 
plants and also reducing the dose rates above ground. In very dry climates, 
however, the ground will be very hard and tend to inhibit this downwards migra
tion. Radionuclides deposited onto impervious surfaces (e.g. urban surfaces) 
may either become chemically bound to that surface and so provide a continuing 
source of exposure in that location, or be washed into sewerage systems and 
water bodies, thus redistributing the radioactivity. When trees and shrubs are 
in leaf, these may intercept a large fraction of contamination, and provide an 
additional exposure route. 

During winter months, at high latitudes, much of the deposition will be 
onto the ground and permanent building surfaces, since vegetative cover will be 
at a minimum. If the ground surface is frozen, then the radionuclides may be 
trapped on the surface, and so dose rates will decline less quickly than in 
summer. If the deposition occurs over water, then clearly the exposure caused 
if the water is frozen will be very different from that if it is unfrozen. 
Snow can also affect external dose rates. Snow cover over previously deposited 
radionuclides can reduce the external dose rate, as shown in Figure 3. If the 
radionuclides are deposited with the snow, some reduction might occur, but more 
significantly, when the snow melts, the radioactivity will be partly removed 
with the ru/'-off and so possibly result in exposures elsewhere. However, in 
countries which experience milder, wet winters, the routes of exposure are more 
likely to be similar to those described for summer months in temperate 
countries. 
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The long term behaviour of radionuclides in the environment can be an 
important factor in determining cumulative external exposure. Often re-cycling 
can occur, with plants taking up radionuclides from the soil in spring and 
summer, and then returning them to the soil in the autumn as the leaves fall 
off and decay. Although some soils tend to bind radionuclides, so that they 
are unavailable for plant uptake, in other soils, particularly acid, peaty 
soils, radionuclides may continue to be available for many years, and so form 
a long term source of exposure. In some of the woodlands of European Russia, 
this re-cycling of radionuclides has resulted in continuing high levels of 
external dose rate even 4 years after the accident at Chernobyl. 

The weather conditions which occur at the time of the deposition (or 
shortly afterwards) can have a strong influence in determining how readily 
contamination may be removed. Generally, although wet deposition may wash much 
of the contamination off surfaces, the contamination which remains tends to be 
chemically bound and so can be more difficult and costly to remove than conta
mination deposited in dry weather. 

The potential level of external exposure from radionuclides deposited on 
the ground will also be influenced by seasonal behaviour, since it is largely 
related to the amount of time people spend outdoors and the solidity of con
struction of their dwelling places. When indoors, the walls of the building 
may significantly reduce the outdoor dose (by a factor of 10 for solidly con
structed buildings). However, where people are living in less solidly built 
houses (e.g. those in lightly constructed holiday accommodation or in hot 
climates) the dose reduction will be substantially less, or even negligible. 

5.3 Influence on Ingestion Pathvay 

In many ways, this exposure pathway is the most sensitive to seasonal 
changes, since it is directly linked to seasonal agricultural practices and 
harvest times. Depending on the time of year, ingestion of contaminated foods 
may contribute a major or lesser fraction of the total potential dose. For a 
single large release affecting a number of countries, the potential contribu
tion of the ingestion pathway to dose can vary significantly between countries, 
depending upon the exact state of crops and management of animals. Figure 4 
shows the contribution of ingestion to the dose received following the accident 
at Chernobyl, as a function of latitude. This Figure shows very clearly that 
in southern countries, where crops were at a more advanced state of growth and 
animals were generally grazing outdoors, the ingestion pathway contributed 
significantly more to the dose received. Note that this Figure shows the 
breakdown of doses actually received (i.e. after countermeasures had been 
taken); the potential contribution of ingestion to dose in the absence of any 
countermeasures would have been higher. This Figure also makes it clear that, 
in general, the majority of exposure from ingestion is committed within the 
first few years following the accident. This means that, to be most effective, 
countermeasures on food need to be initiated within the first year. 

16 



P A T H W A Y C O N T R I B U T I O N S 

100 

90 

80 

* 7° 
O 60 
h-
D 50 
m 

H 40 
z 
8 30 

20 

10 

0 

Inhalation 

Ingestion &$&$& 

External 
irradiation 

<40° 41 -55° >55° 
latitude latitude latitude 

Southern Temperate Northern 
countries countries countries 

FIRST-YEAR CONTRIBUTION 

<40° 41 - 5 5 ° >55° 
latitude latitude latitude 

Southern Temperate Northern 
countries countries countries 

TOTAL CONTRIBUTION 

Figure 4. Pathway Contribution to Dose Received Following Chernobyl [11] 

5.3.1 Environmental Contamination 

The major factors governing the contamination of crops are the leaf area 
available to intercept direct deposition of radionuclides from the cloud, the 
availability of radionuclides in the soil and the growth activity of the plant 
which may cause it to take up radionuclides from the soil and leaf surfaces and 
transport them to the edible parts of the plant. The time at which the radio
nuclide concentration in the edible part of a particular plant species is at a 
maximum depends on both the biology of the plant and the part of it which is 
considered edible. 

The biological activity of a plant clearly varies with the season. At 
some times of year radionuclides will be more rapidly transported around the 
plant and concentrated in the fruits. Two examples of this are shown in 
Figures 5 and 6. Figure 5 shows the uptake of radiocaesium by herbage as a 
function of time of year, whilst Figure 6 shows the translocation of radio-
caesium from foliage to grain as a function of the time of deposition in re
lation to harvest of cereal crops. The seasonal variation of these processes 
are clearly shown. In particular, the translocation of caesium in grain rises 
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Figure 5. Uptake of radiocaesium by herbage as a function of time of year [12] 

markedly to a peak for the two months before harvest. Other crops also show 
variations in uptake rate of radionuclides with time of year. Generally, the 
uptake rate of radiocaesium is greatest when the fruit is swelling, but some 
crops (e.g. some types of nut observed after the accident at Chernobyl) have a 
high uptake rate much earlier in the season. On the other hand, the uptake 
rate for other, less mobile radionuclides, is generally greatest close to 
harvest. 
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As discussed in the previous chapter, the availability of radionuclides 
for uptake by the plant depends upon the soil type. Where soils only weakly 
bind radionuclides (e.g. for radiocaesium, acid, peaty soils) a cycle may 
emerge in which radionuclides are taken up by the plant in spring and returned 
to the soil as the plant dies and decays during autumn and winter, ready for 
uptake by new plants the next spring. In this way, grass, and therefore sheep, 
on some British uplands, are still relatively highly contaminated, 4 years 
after the accident at Chernobyl. 

A final point concerning the seasonal influence of crop contamination is 
that seasons vary around the world. A country that is not experiencing sig
nificant contamination in indigenous crops may still find contamination in food 
imported from overseas. 

The contamination of animal products may also be strongly influenced by 
seasonal variations [14]. In countries where it is necessary to bring animals 
indoors during the winter months, potential contamination levels from a winter 
accident may be reduced since the animals are not feeding on fresh pasture. 
However, it is important to monitor the stored feed, because it was found after 
the accident at Chernobyl that direct deposition onto stored feed was causing 
contamination. If the accident occurred in spring or summer, winter feeds may 
be contaminated and the concentrations of radionuclides in meat might rise 
significantly the following winter. 

Less domesticated animals, especially game and fish, depend for their 
food on what the season offers. Therefore the levels of radionuclide contami
nation in the tissues of these animals are likely to be strongly influenced by 
seasonal factors. For example, game meat became heavily contaminated with ra
diocaesium, following the Chernobyl accident, particularly during periods when 
mushrooms were plentiful, since mushrooms tend to concentrate radiocaesium. 
Fish will also show a seasonal variation in contamination, related to contami
nation of water bodies by precipitation and run-off, and also the level of 
biological activity in the aquatic environment. During spring, for example, 
aquatic micro-organisms are particularly plentiful and these will capture in
creased quantities of radioactive particles. This, in turn, will increase the 
contamination of the whole marine foodchain. Examples of the concentration of 
radionuclides in fish, following the Chernobyl accident are shown in Figures 7 
and 8. 

5.3.2 People's Behaviour 

Since the ingestion r iway is potentially a very significant exposure 
pathway, particularly during the first year or two following the accident, 
individual's dietary habits can significantly influence their potential ex
posure. Dietary habits vary between countries and within countries. Where the 
principle component of the diet is likely to have contamination levels which 
are strongly linked to the seasons, then so will the potential exposure of the 
population. For example, where fish or game meat form a principle component of 
diet, the seasonal variation of contamination in these foods may be significant 
in influencing the potential exposure of the population. Again, individuals 
who grow their own vegetables may be particularly at risk, since their source 
of vegetables is likely to be uniformly contaminated. Since such crops are 
generally consumed fresh, the potential exposure from this source will be 
highly seasonal. Wholesale trading in food and preserving methods mean that 
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individuals vho obtain the majority of their food from supermarkets are less 
susceptible to eating food from a single geographical area, or which was all 
produced during he same period. 

Vater contamination may also be a seasonal problem, in terms of 
individual's habits. Most urban water supplies can be carefully monitored, and 
are usually obtained from a large catchment of water (i.e. direct contamination 
is likely to be highly diluted). However, in remote districts, particularly 
those used by trekkers and campers, individuals may rely on rain water. As 
discussed in chapter 3, this can be significantly contaminated, and may form an 
important exposure pathway for such individuals, although, generally, only for 
a short time. 

6. IMPLICATIONS OP METEOROLOGICAL AND SEASONAL FACTORS FOR MONITORING 

In order to make decisions on whether or not to implement countermea-
sures it is necessary to form an understanding of the radiological situation. 
Since some countermeasures may need to be taken quickly in order to be most 
effective, it is desirable to be able to assess the significant factors con
cerning the radiological impact quickly. Predictive computer programs which 
model the atmospheric dispersion, deposition and subsequent migration of radio
nuclides can be one input to such an assessment. However, as this report has 
discussed, the dispersion and deposition pattern may be very complex and so 
difficult to predict. It is therefore very important, when assessing the 
radiological situation, to place emphasis on making measurements. 

For a full and detailed understanding of the radiological situation it 
would be necessary to make a very large number of measurements in many environ
mental media (e.g. grass, soil, urban surfaces, food for human consumption, 
animal feed). In order to provide sufficient information for making decisions 
on countermeasures which may need to be taken quickly, it is necessary to 
allocate priorities to the making of different types of measurements and to 
monitoring in different areas. However, it is equally important that a full 
set of measurements are made in due course, and in order for this to be under
taken effectively, an understanding of the mechanisms which could give rise to 
exposure at a later date. 

Many monitoring programmes now include the use of automatic monitoring 
at fixed locations to supplement mobile teams, and to provide a fast, if lim
ited, supply of information early on in the accident. Mobile teams are then 
freed to follow a monitoring strategy which is adapted to the specific situa
tion. Since, as discussed in earlier sections, meteorological and seasonal 
factors o.i have a strong influence on the importance of different exposure 
pathways, the monitoring priorities need to reflect these factors. This 
chapter discusses how monitoring strategies can be adapted to reflect the 
prevailing weather conditions and seasonal changes. 
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6.1 Interpreting Measurements of the Radioactive Cloud 

The meteorological conditions prevailing at the time of the accident 
will determine the way in which the released material disperses in the atmo
sphere. In order to obtain a full understanding of this dispersion, many mea
surements are required, both radiological measurements of air concentration and 
external dose rate, and meteorological measurements, such as vind direction and 
wind speed, at many different locations. Predictive atmospheric dispersion 
models have been developed to provide assistance in understanding the disper
sion. However, the parameters (such as the windfield and the source term) 
required by these models are frequently complex and poorly known and so 
emphasis must be placed on the acquisition and interpretation of measurements. 
In order to do this, those assessing the measurements require an understanding 
of how different meteorological conditions can affect dispersion. For example, 
material in fog will usually be concentrated close to the ground and disperse 
very slowly, but if the release contained sufficient heat to rise above the 
temperature inversion bounding the fog, then the radionuclides will be inhib
ited from dispersing to ground level. Again, a low air concentration at 'ind 
level will not necessarily imply there will be little deposition if it rains, 
since rain could remove radionuclides from a cloud that was high overhead. 

6.2 Measuring Levels of Deposition 

The level of deposition is strongly influenced by the deposition pro
cess. As discussed in chapter 3, wet deposition can produce ground concentra
tion levels which are 10-100 times greater than those produced by dry deposi
tion. In foggy weather the deposition may be enhanced by a factor of 3, or if 
the radionuclides are deposited by snow then the level of deposition is likely 
to be enhanced by a factor of 10 or 20. It is important for any monitoring 
strategy to identify areas of potentially higher deposition and to allocate 
priority in making measurements in these areas (subject, of course, to those 
areas being likely to contribute to population exposure, either directly or 
through food). 

The types of measurement made will also depend on the weather condi
tions. In the absence of rain or snow, a good indication of the level of depo
sition can be obtained from grass samples. However, if heavy rain has fallen, 
a significant fraction of the deposition (perhaps 80-90%) may have been washed 
into the top layers of the soil, and so any measurement sample would need to 
include soil as well as grass. If snow had fallen, it would be necessary to 
determine whether the radionuclides were incorporated in the snow, or whether 
they were buried beneath it. 

Weather conditions affect the ease with which measurements can be made. 
Conditions of fog or deep snow or very heavy rain could seriously impede 
ground-based monitoring teams. The monitoring plan should take account of 
this, and appropriate strategies need to be developed so that available re
sources are mobilised in the manner most likely to provide adequate information 
upon which to base countermeasures decisions. 

It is also important to take account of the longer term need for moni
toring. As discussed earlier, some radionuclides will remain in the environ
ment for a long time and form a potential source of continuing exposure. The 
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monitoring programme should identify and monitor these sources. The monitoring 
programme should also take account of how seasonal and meteorological condi
tions can influence the potential pathways of exposure. Examples have already 
been given of the effects of snov cover and melting snov, the ability of plants 
to re-introduce radionuclides into the foodchain, and run-off, which can cause 
contamination of water supplies. A further example is flooding, vhich can 
bring radionuclides, that had migrated into the soil, back to the surface. It 
is important that any long term monitoring programme takes account of such 
effects. 

6.3 Monitoring in Agricultural Areas 

In order to assess potential radiation exposure from the ingestion of 
contaminated food, it is necessary to make measurements in a range of environ
mental materials. In addition to measurements in the food itself, measurements 
of ground deposition and animal feeds can also be useful. Together with models 
of radionuclide behaviour in the environment these can be used as indicators of 
the levels of contamination that are likely to be found in food for human con
sumption. Since agricultural practices vary with time of year, seasonal 
effects can strongly influence the monitoring strategy used to obtain appro
priate measurements. 

If the monitoring programme is to be efficeintly organised then moni
toring efforts should be properly directed towards determining the potential 
levels in those foods which are most likely to require countermeasures. For 
example, an early indicator for likely milk concentrations would be the con
centration in the dairy cow's feed. In summer, this would require grass (and, 
in wet weather, soil) measurements, whilst in winter it might be more appro
priate to measure stored feed. Again, if deposition occurred well before the 
grain harvest it would not be important to make early measurements on grain. 
However, if the grain was ripe, rapid measurements could be used in decisions 
as to whether it would be better to harvest the crop immediately, or to delay 
the harvest. 

6.4 Measuring Levels in Urban Areas 

The assessment of the radiological impact in urban areas is not 
straightforward. Radioactive material may be deposited onto many different 
types of surfaces, both natural and man-made, resulting in exposure vertical 
and overhead surfaces, as well as the ground. The time variation of the ex
posure will depend on many factors, including the deposition process and the 
action of run-off. This is a complex situation and monitoring results need to 
be carefully interpreted. Since the potential costs of decontamination mea
sures are high, it is very important that urban monitoring should be effective 
and meaningful. In-situ monitoring equipment can be used to measure dose 
rates, but the interptetation of these results is difficult. Moreover, such 
equipment must be capable of functioning in all weather conditions. 

More work is needed to learn about the processes that take place, in 
different weather conditions, in urban areas, so that better monitoring 
strategies can be devised and the results of measurements interpreted mere 
reliably. 
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6.S Monitoring for Lifting Counteneasures 

If countermeasures have been implemented which need a decision for being 
withdrawn again (e.g. evacuation, food interdiction), a monitoring strategy is 
required, for operation throughout the period during which the countermeasure 
is in force, vhich is designed to provide the information necessary to withdraw 
the countermeasure. This may well entail regular monitoring, repeating specific 
measurements at a few strategic locations. Again, in order to use resources 
efficien-ly, account needs to be taken of how changes in weather conditions and 
seasonal factors are likely to affect environmental concentrations. For 
example, during the winter months when plants are not growing quickly, uptake 
of radionuclides from the soil will be limited, and so the radionuclide con
centrations in grazing animals which are outdoors during the winter months will 
be likely to fall in relation to the summer months. However, it may be prudent 
to continue monitoring into the spring, when root uptake by plants is likely to 
increase again, before taking a decision on whether to lift the ban on the 
consumption of such animals. Again, the radionuclide concentration levels in 
run-off could indicate the lifting of evacuation or relocation countermeasures, 
but equally it could indicate that additional monitoring should be carried out 
at sewage treatment works. 

Decontamination may be carried out in order to allow countermeasures to 
be lifted more quickly than natural weathering would allow. Decontamination 
processes range from simple hosing of buildings to complete removal of conta
minated surfaces. Again, as discussed earlier, the effectiveness of different 
decontamination processes will depend partly upon weather conditions, both 
those prevailing at the time of the deposition and subsequently. If resources 
are not to be wasted on ineffectual or unnecessary decontamination activities, 
then monitoring is needed, combined with experimental programmes and modelling, 
to determine what form of ^contamination, if any, is optimum. When deciding 
upon priorities for decontamination attention must be given to the form of de
position mechanism giving rise to the contamination as well as to the location 
(i.e. rural or urban areas) where decontamination has to be carried out [17]. 

7. RECOMMENDATIONS FOR EMERGENCY PLANNING 

Emergency response plans provide a basis for taking decisions on and 
implementing countermeasures, following an accidental release of radionuclides. 
In order to inform these decisions, results of monitoring and predictive models 
are used. It is therefore important that emergency response plans provide for 
an effective monitoring programme to be initiated, and also that the interface 
between the results of predictive models and measurements is clearly defined 
and workable. As has been shown in the preceeding chapters, meteorological and 
seasonal factors can significantly influence the potential exposure of individ
uals and populations. Therefore it is important that those parts of emergency 
response plans dealing with predictions of contamination, initiating monitoring 
programmes and taking decisions on countermeasures should take account of the 
possible implications of meteorological and seasonal factors on these plans. 

24 



7.1 Predictive Models 

Predictive models which are intended for use in real time following an 
accident, should, in principle, be capable of modelling the full range of pos
sible environmental conditions. Vhere simplifying or averaging assumptions are 
incorporated, the limitations introduced by these should be clearly indicated 
in any results and fully understood by those interpreting these results. For 
example, given the complexity of the atmosphere, many atmospheric dispersion 
models make use of single parameters to characterise some aspects of disper
sion, or make predictions based on limited meteorological data. Again, food-
chain nodels may be based on data for a particular soil type or climatic 
region, or models for external exposure may not correctly characterise the 
buildings in the area of interest. Most often the limitations in predictions 
result from lack of detailed information about the evolving situation; often 
default values for, e.g., dry deposition velocity, shielding factors for build
ings and people's habits or simplifying assumptions about the likely variation 
of environmental conditions with time are used. The uncertainties in the pre
dictions resulting from this lack of information need to be clearly identified, 
and meaningfully presented, so that decisions on countermeasures can take 
account of these. 

Since predictive models require data input concerning the actual situa
tion, the interface between measurements and modelling needs to be carefully 
worked out. Key measurements which could significantly reduce the uncertain
ties in predictions should be identified and, wherever possible, feedback of 
measurements into the predictions should be carried out, in order to improve 
them. The models should therefore be flexible enough to cope with both the 
likely range of measurements which might be made, and also potentially rapid, 
and possibly seemingly random variations of the magnitudes of measurements with 
time. 

Finally, it is important that those implementing the models and pre
senting the results of them to decision-makers should fully understand both the 
needs of the decision-maker and the likely limitations and uncertainties of the 
predictions. Ideally, such individuals should have a thorough experience of 
the behaviour of radionuclides in the environment in different meteorological 
and seasonal conditions, and be fully conversant with use of the predictive 
models. The use of "black-box" models which seek to provide "answers" directly 
to the decision-maker are not appropriate. 

7.2 Monitoring Progranes 

Depending on the emphasis of the emergency plan, the monitoring pro
gramme should be designed to provide measurements in the priority order re
quired. Emergency plans which rely on trigger levels of plant or environmental 
conditions to implement semi-automatic countermeasures should enable measure
ments of these levels to be made and reported rapidly. Where reliance is 
placed on predictive models for taking decisions on countermeasures which need 
to implemented quickly, then the monitoring programme should be able to supply 
the necessary input data rapidly, if necessary using automatic monitoring 
stations and computer links. 
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Where decisions on countermeasures are reliant primarily on monitoring 
data, then the monitoring programme should be flexible. First it is necessary 
to identify which exposure pathways are likely to be dominant, and which may 
require countermeasures to be taken most urgently. The monitoring teams should 
then be directed to take the measurements necessary to delineate the areas of 
major hazard and to determine the potential magnitude of the radiological prob
lem. In the longer term, more detailed measurements can be made in order both 
to enable decisions on less urgent countermeasures to be taken and to provide 
the basis for a full assessment of the impact of the accident to be made. A 
fuller discussion of this is given in chapter 6. 

In order that appropriate measurements can be made following an acciden
tal release, it is important that the necessary equipment is available. This 
equipment should be adequate for use in all seasons of the year. In particu
lar, where severe winter conditions may be experienced, the vehicles and 
monitoring instruments provided should be capable of operation in low tempera
tures and conditions of snow and ice. This is also important for automatic 
monitoring equipment. 

The training of those designated to make the measurements should include 
the making of measurements in all environmental conditions likely to be experi
enced. In addition, it is important that these individuals should understand 
the use that will be made of the results and the importance of meteorological 
and seasonal factors in determining the appropriate results. In this way, 
misunderstandings and the provision of misleading information may be more 
easily avoided. 

7.3 Implications for Decisions on Countermeasures 

There are two ways in which meteorological and seasonal factors can 
influence decisions on ccuntermeasures; they can influence which countermea
sures are likely to save dose, and they can influence the level of dose-saving 
for which implementation of the countermeasure would result in the greatest 
benefit to the population. 

7.3.1 Effectiveness of Countermeasures 

Meteorological and seasonal factors can influence which countermeasures 
could be effective in reducing doses, by altering the important exposure path
ways. They can also influence how effective certain countermeasures are likely 
to be (for example the different decontamination techniques which may be re
quired depending on whether the contamination occurred during wet or dry 
weather). In addition, because agricultural practices are linked to seasonal 
changes, appropriate countermeasures to reduce exposure by ingestion of con
taminated food will also be dependent on the season. For example, if dairy 
cattle were indoors at the time of the accident, the appropriate countermeasure 
would be to ensure their feed remained uncontaminated, whilst if they were out
doors it might be more appropriate to ban their milk. The optimum timing of 
imposing foodbans can also be influenced by seasonal effects, since the uptake 
of radionuclides by crops and animals is seasonally dependent. Figure 9 illus
trates how the time of year can influence the speed with which contaminated 
dairy cattle feed should be substituted in order to optimise the countermeasure 
with respect to dose saving and the duration of the feed substitution. 
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Other seasonal implications for decisions on countermeasures involve the 
seasonal aspects of individual's behaviour. The problems of implementing 
countermeasures in tourist areas during the summer have already been mentioned. 
Emergency plans should take explicit account of possible influxes of tourists, 
particularly with regard to adequate transport for evacuation or solid housing 
for sheltering. Emergency plans should also take account of the possibility of 
most people being outdoors during summer months and so being more difficult to 
contact. Valkers and campers may be particularly at risk. 
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Figure 9. Effect of Substitution of Contaminated Grass to Dairy Cows on the 
Peduction of Total Dose via Milk for Iodine-131 and Caesium-137 
Deposited on 1st May and 1st September [18, 19]. 

7.3.2 Intervention Levels 

The second way in which season could affect the implementation of coun
termeasures is by influencing the determination of the levels of dose for which 
countermeasures are both taken and withdrawn. These intervention levels re
flect a balancing of all the detrimental effects of not taking the countermea
sure against all the detrimental effects of taking it. Often the judgements 
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made in obtaining the balance are not explicit, but they usually include fac
tors such as direct health risk (both from the radiation exposure and from the 
countermeasure itself), economic cost (directly and indirectly attributable to 
the countermeasure and of treating any induced health injuries), social factors 
(such as the likely reaction of the population, disruption, etc.) and also 
implications for international relations and trade. 

Since seasonal effects can strongly influence the ease with which 
certain countermeasures can be carried out, it may well be that the balance 
point between the adverse effects of taking and not taking a countermeasure is 
judged co be at a higher level of dose or radiation risk at certain times of 
year, or in certain conditions. An example already described is the influx of 
tourists into an area at certain times of year. The number of people affected 
by a decision to evacuate that area may easily vary between a few hundred and a 
few thousands, or tens of thousands. Clearly these extremes place very differ
ent pressures on the available resources. In particular, there may be severe 
problems in communicating advice clearly to everyone (including language dif
ficulties), and in enabling everyone to leave the area quickly. The physical 
risks and social upheaval caused by the evacuation may well be higher when many 
tourists are present, and certainly the resources required to implement the 
evacuation would be significantly larger. 

It is therefore important that decision-makers are aware of the fact 
that intervention levels are set by balancing the detrimental effects of taking 
and not taking the countermeasure. They do not represent a transition from 
safe to unsafe levels, and so flexibility in the level actually used is both 
possible and necessary. 

7.4 Emergency Exercises 

This report has clearly indicated that meteorological and seasonal 
effects can significantly influence the optimum response to an emergency. In 
order to ensure that those with responsibility for radiological protection 
following an accident are properly trained to carry out their role in all 
seasons and weather conditions, it is important that emergency exercises are 
planned and carried out regularly, and that the exercise scanarios incorporate 
a range of seasonal considerations and realistic weather patterns. 
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