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SUMMARY 

Agricultural land and products may become contaminated after a severe 
nuclear accident. If radiation doses to man caused by the ingestion of con
taminated agricultural products from such areas will be unacceptable high, 
measures to reduce this radiation dose will have to be taken. Radiation 
doses to man can be estimated by using models which describe quantitatively 
the transfer of radionuclides through the biosphere. The following processes 
and pathways are described in this study: 

' '.::?.,i;c»:f')! re.eases into atmospheric? environnents 'Vid subsequent 
>.r' irby ieposition (=nct v<orid vide falle-ut) (atmospheric 
dispersion and deposition models are not included in this study) 

- ,*:':>. :arr'n if ;':•>: -;" zrops by direct deposition and the subsequent 
r'n;r: ferr pathway (e.a, irass^anw-mi Ik-ran) (described in section 2.1) 

- >. >:t .iT'd-KV '::n .?;'* s:-il <rni the subsequent Zona terr. pathway (e.g. soil
ed'- :rasz-.?:;f: le-rllk/reat-r-m) (described in section 2.2) >1 *>' — T«" ' 1 ' 

Depending on the degree of contamination (to be predicted by atmospheric 
dispersion models, or to be determined by direct measurements), and depending 
on the estimated radiation doses to man (to be calculated by using the models 
described in this study) measures can be advised. The most important measures 
in section U are the following; 

short term measures: 

' (see section A.2.2.1) 

;':• " •'• i (see s e c t i o n ^ . 2 . 3 - 1 ) 

;• • • (see s e c t i o n ^ . 2 . ^ . 1 ) 

'•-J;.'*?, (see s e c t i o n k.l.h.l) 

long t e r n measures '• 
- y. ": • ; ; . ' •' • '.' IT.' > W * > " '1 *." '••<• '' 

• > - ; ; ' ; '•':-. ee'i d (see s e c t i o n ^ . 2 . 1 . 1 ) 

>;•• '<- d'.r >'.'i-•.•*••'>;.•• vV -*.p! ake -.f <?er-'-ur 

•• ',.; •' !• !"'b-''K.: *h- up-tike 0'w' r. front-' .jr yr^r 

• (see s e c t i o n *4.3.1.1) 

i' :'',• '.'•> (see s e c t i o n l t . 3 . 1 - 2 ) 
,_»_•• ' •' .;-'r • •' '''r;r -,v> 'i''T .':•": '' v r''' li *''*;•' the 'iVt'A'e •". f ür by irovr> f'ron 

.;-•''. (see s e c t i o n ^. 3. 2 .2) 
: ,. • . -in?, v.:.'.? :.''''.;; / ' ":.' 'ri>:;\''.;r oj' r 'd', :»rr*r. 'den J'ror col1, to edible 
:r :'•••'.' (see sect ion ^.3-3) 
,., •••'';';*: '" *'':•' ri: r'. •'*i'> :i'' : <'' •:.>:'ent ' n t'-y rin-'il oin^unobdy. pmduetn 
•-, :r '..'.•'•'-.• ' - :"~.y-.- (see s e c t i o n *». 3 • 3 • 2) 
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Special attention has been paid to the pract icabi l i ty of the measures. 
A cost-analysis, however, was not carried out. 

Some of tne f ields for future research discussed in chapter 5 are: 
- the improvement of transfer models (section 5.*».1) 
- the determination of realistic parameters to be used 

in these models (sect ion 5.^.2) 
- the study of more efficient methods to measure contamination 

levels in the field (sect ion 5.3) 
- the study of the effects of application of some complexing 

agents to soils or cattle to reduce the transfer of radio
nuclides (section 5 . 5 . 0 

- the study of product treatments which reduce the 
radionuclide content of the final product (section 5-5.2) 
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1. INTRODUCTION 

1.1 GENERAL 

Accidents in nuclear power stations, nuclear reprocessing plants 

and radiochemical laboratories, as well as explosions of tactical 

and other nuclear weapons can distribute radionuclides over the 

surrounding area. The release may be into the atmospheric or into 

the aquatic environment (fig. 1). 

Radionuclides released to the atmosphere - the most probable 

way - are dispersed due to atmospheric mixing processes and cause 

external radiation to man and internal radiation upon inhalation 

During atmospheric transport radionuclides may deposit onto land 

surfaces and lead to further external radiation to man and to 

internal radiation by inhalation of resuspended activity. 

Deposition of radionuclides on agricultural land will 

result in an intake of radionuclides by man. 

The final radiation dose to man depends to a large extent on the 

weather, on the atmospheric distribution pattern and on weather 

statistics during and after the accident. In the case of normal 

continuous routine releases of radionuclides the radiation dose 

can be calculated and predicted with some confidence, from the 

knowledge of the statistical distribution of wind directions and 

of precipitation. In the case of 9n accidental release, however, 

only the statistical chance that man gets a certain radiation 

dose can be predicted from the knowledge of the weather statistics. 

In both cases, of course, the released amounts of radionuclides 

should be known. 

Because this study concerns agricultural measures, atmospheric 

dispersion will not be discussed and the starting point will be 

the deposition of radionuclides on land or the introduction of 

the radionuclides into the foodchain to man. 

Agricultural measures can reduce the transfer of radionuclides 

to man and thus reduce the radiation dose to man. Two questions 

arise in this context: 
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Release of radioactivity 

«into aquatic environments 

'into atmospheric environments 

——^external radiation of man 

^internal radiation of man 
after inhalation 

I wet and dry deposition on land surfaces 

external radiation of man 

internal radiation of man 
after inhalation of 
resuspended activity 

incorporation of activity 
into agricultural foodchains 

internal radiation of 
man after ingestion 
'of contaminated 
agricultural food 

Fig. 1.1 Schematic decription of the most important pathways 

to man of released radionuclides. 
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1. at which level of contamination measures have to be taken, respective

ly which level of contamination causes still acceptable radiation 

doses; and 

2. which measures are possible and practicable to reduce radiation 

doses to man. 

To answer the first question, acceptable radiation doses have to be 

defined. We based our study on the recommendations of the International 

Commission on Radiological Protection from 1959 and 1946 (ICRP 2 and 

ICRP 6). Other standards for acceptable radiation doses, however, are 

possible too, and new recommendations have been prepared (lCRp 26 and 30). 

In accident situations both acute somatic effects of radiation and 

stochastic health effects in the exposed population can be expected. 

Stochastic effects will probably be the most important. According 

to ICRP 26 the severety of stochastic effects is independent of 

the received dose equivalent and the detriment to health (= the 

total amount of stochastic effects in the population) is proportional 

to the sum of the individual dose equivalents in the exposed population, 

i.e. is proportional to the collective dose equivalent. The stochastic 

effects are fatal and non-fatal cancers and hereditary effects which 

occur in subsequent generations. 

To answer the question, which level of contamination causes 

a still acceptable radiation dose, transfer models have been developed 

which calculate the radiation doses caused by a deposition of 

radionuclides on agricultural land. Measures to reduce the 

radiation doses to man will be discussed after the description of the 

model. 

In the following paragraphs of the introduction a summary of the chapters 

2 and *• is given, describing the models and the measures to be taken. 

These paragraphs can be used as a directory for the main parts of 

this report. 

1.2 WHfcN WHAT TO DO, A DIRECTORY 

1.2.1 Continuous releases (not in this study) 

In our study only accidental releases are considered. 
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The radiation doses to man caused by continuous releases can be 

calculated by using appropriate models (Clark, Bouville et al.* 1979). 

Parts of the models used in this study are similar to models for 

continuous releases, but the starting point is different. 

1.2.2 Accidental releases 

In the case of an accidental release of radionuclides, the atmospheric 

pathway will, in general, be more important for agricultural purposes 

than releases into aquatic environments. 

1.2.3 Atmospheric releases (models not included in this study) 

The highest concentrations of deposited radioactivity will occur in the 

environment of the release. The deposition pattern and the amounts of 

deposited radionuclides can be calculated by using atmospheric dispersion 

models. For an accidental release wind direction, precipitation and many 

other values of weather parameters as they actually occur during and 

after the release should be included in the model. 

Several atmospheric dispersion models i.re available; only those which 

describe deposition, can be used for agricultural purposes. In this 

study no description of atmospheric dispersion models was made. 

If measuring equipment is available the deposition pattern and level can 

be determined experimentally. The most promising method seems to be a 

prediction of the deposition pattern and level by using simulation models 

and a confirmation of this pattern and the levels by measuring at 

specific locations. 

1.2.^ Worldwide deposition (not in this study) 

Only in some cases of accidental releases, world wide fallout will occur. 

Contanination levels will be lower than in the near environment of 

the release. Therefore agricultural measures are less necessary for a 

world wide contamination. The problems related to agricultural measures 

would, however, be greater. According to the new recommendations of the 

ICRP (ICRP 26) population doses should be determined also for world wide 

fall out. 
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1.2.5 Local deposition 

By wet and dry deposition crops and soils become contaminated with the 

released radionuclides. Direct contamination of the crops is important 

for the short term pathway. Uptake of radionuclides by plants from 

contaminated soil contributes to the radiation dose of man only after 

a certain period and is considered in long term models. 

1.2.6 Contamination of crops (short term pathway: see section 2.1 and k.l) 

The most important short term contribution to the radiation dose to man 

comes from contaminated vegetables and contaminated milk and dairy products 

Both can be consumed only a few days after harvest, respectively production. 

Decontamination of vegetables with a too high content of radionuclides is 

difficult and these vegetables will probably have to be discarded. 

In section 2.1 models are described to calculate maximum permissible 

deposition levels for pre-set dose limits to man consuming milk. 

In section A.2. measures to be taken, are decribed. If possible, uncontamina-

ted food should be given to cattle (par. 4.2.1.1). If the contaminant is only 

I, and if it is not possible to use uncontaminated food, contaminated 
1 %\ 

milk nay be processed into milkpowder which can be stored until J I has 

decayed (par. 4.2.2.1). To reduce cesium transfer from grass to milk 

bentonite can be administrered to cattle (par. 4.2.3.1). or calcium to 

reduce strontium transfer (par. 4.2.4.1). Milk contaminated with strontium 

and cesium can be decontaminated by being passed through an ionexchanger 

column (par. 4.2.4.3). 

1.2.7 Contamination of soils (long term pathway, see section 2.2 and 4.3) 

In the long term, deposited radionuclides will be incorporated in the 

soil. From soil they can be absorbed by crops which are directly consumed 

by man or which are used as fodder for cattle. In section 2.2 a model 

is described to calculate maximum permissible deposition levels, for 

pre-set dose limits to man consuming a mean "European Community" diet. 

Assumed is no processing of the products and consumption of contaminated 

agricultural products in the contaminated area only. 

Measures to be taken are described in section 4.3. 
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If a crop is present at the time of the deposition of the radionuclides, 

this crop should be removed first (par. 4.3.1.?). For stable and smooth 

soils a removal of the top layer of the soil seems possible during the 

first year after the deposition (par. '•.3.1.2). If strontium is the 

contaminating element, application of lime of gypsum on acid soils may 

reduce strontium uptake by the crop (par. 4.3.2.2). A change in the 

farming system towards crops with a low transfer of radionuclides into 

edible parts or towards crops which can be processed and which then loose 

most of the radiocontaminants, may also reduce the radation dose to man 

(section k.3-3)-
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2. AGRICULTURAL TRANSFER MODELS 

After atmospheric dispersion, radionuclides may deposit on an 

agricultural crop itself and may be partly washed off by rain 

onto the soil or may deposit directly on the soil (fig. 2.1). 

Deposition on the crop introduces radionuclides relatively fast 

into the foodchain, whereas the pathway via soil is longer. After 

deposition on the crop this crop may be consumed by man himself 

direct or after treatment in manufacturing plants, or the crop may be 

eaten by cattle and radionuclides on the crop are incorporated into milk, 

dairy products and mea*„. 

After deposition on the soil the radionuclides will become mixed 

with the top layer of the soil by the following processes: leaching, 

biological activity (worms, insects, other burrowing animals), 

physical mixing (particles falling down into cracks) and plowing. 

After and during these mixing processes plants can absorb part of the 

radionuclides in the soil. Contaminated crops can be consumed by 

man or serve as food for cattle. The crops (potatoes, cereals, 

vegetables, fruits, etc)and the contaminated milk and meat may 

be processed into other products (floor, canned food, milk powder, 

cheese, sausages, etc.) before consumption or may be eaten without 

processing. Processing will in most cases change the amount of radio

nuclides in the final product. 

Agricultural products ready for direct consumption as well as 

processed agricultural products are distributed via auctions and 

trade. Finally people consume products from all over the country 

and from abroad. When an accident in a certain area does not 

change this distribution pattern, part of the contaminated products 

will be consumed in this area itself, but most of it will be consumed 

elsewhere. This causes a dilution of contaminated products leading to 

lower individual radiation doses to a larger number of people than 

without the dilution. 

The collective dose of the whole irradiated population, however, will 

not be affacted by this dilution and is only determined by the level 

of contamination in the food and the total amount of food produced 

and consumed. 
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Fig,2.1 Schematic presentation of the most important agricultural 

pathways. 
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Several models have been and are still being developed to decribe 

the transfer of radionuclides through foodchains. 

Depending on the purpose of the model some processes are more 

important than others and thus get more attention. 

The differences between the models arise from the simplifications 

and the omissions of processes which occur in reality. Two categories 

of models can be distinguished: 

1. models calculating radiation doses from continuous routine 

releases; and 

2. models for an accidental release. 

In the first category mostly steady state situations are considered, 

where concentrations and transfer rates are constant in time. Only 

accumulation o* long-lived radionuclides in tre environment has to 

be taken into account. 

In the second category of models no steady state exsist. Radionuclides 

are deposited once and then start their transfer through the food-

chain. 

Although the scheme in fig. 2.1 is already a simplification of 

reality the models used for the calculations in this report even do 

not include all processes indicated in this scheme. 

All transfers indicated with arrows in fig. 2.1 can be discribed 

by differential equations. Radioactive decay and ingrowth of 

daughter-radionuclides should be taken into account. Neglected 

are in fig. 2.1 the losses of radionuclides e.g. by teaching out 

of the rooting zone of plants, or during the processing of the 

products. Not included are: the cycling of radionuclides like the 

return with plant material (straw) and with droppings and manure 

of cattle to the soil, fishery pathways and drinking water. 

In our models the effect of processing is not considered. 

We supposed that the concentration of radionuclides in the 

food is the same as in the agricultural products as they leave the 

farm. 

As the distribution pattern certainly will change after an accident, 

we do not take the distribution into account in our calculations. 

We suppose, as an over-simplification, that all contaminated 

products are consumed in the contaminated area itself and moreover 

that almost no non-contaminated products are consumed in this area. 
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To restrict the calculations only the following pathways are 

considered in this report: for short term risks the pathway deposition 

on forage-cow-mi Ik-man and for long term risks the pathway soil- plant---.-

man at a time 150 days after the release from the reactor. 

2.1 MAXIMUM PERMISSIBLE CONTAMINATION LEVELS/SHORT TERM 

After passage of a radioactive plume and a subsequent deposition of 

radioactive material, part of this radioactivity is retained in the 

vegetation. 

Plants contaminated by direct deposition of radioactive substances con

stitute an important source of radioactivity for the human diet. Two 

major pathways are indicated. A direct pathway by consumption of contaminated 

food crops and for this mode of entry, vegetables play a major role. Usually 

vegetables are consumed fresh a few days after harvesting. Also many 

vegetables have relative large leaf surfaces(e.g. lettuce, cabbage, spinach). 

A second mode of entry in the human diet is formed by the pathway grass-cow-

milk-man. This pathway is the most critical one in areas with a considerable 

milk production (of cource, this only applies if the cows are grazing 

outside or if the cows are fed with fresh harvested grass) (Bruce, 

1973; Bruce and Scott Russell, 1969; Beattie and Bryant, 1970). 

This fact is caused by the following reasons: 1) cows ingest grass from a 

relative large surface area; 2) milk is consumed already a few days after 

production; 3) milk consumed by man is often from local origin, so the 

dilituon with uncontaminated milk is limited and k) milk is an important 

constituent of the human diet, especially for children. 

In Western-European countries animal husbandry is an important part of 

the agricultural activities, and, as explained, contamination of milk 

will be one of the major problems after accidental release of radio

activity into the environment. Therefore a model is developed to 

calculate the maximum acceptable deposition levels of the selected 

radionuclides on grass for the pathway: 
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grass-cow-milk-man. The maximum permissible deposition level on grass 

(MPDG) is defined as : the upper limit of a radionuclide, that may 

be deposited on a pasture without exceeding a dose-limit to man for this 

radionuclide via the pathway grass-cow-milk-man. 
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2.1.1 Description of the model 

In figure 2.2 a schematic reoresentatlon of the model is given. 

Fig. 2.2 Schematic representation of the pathway grass-cow-milk-men. 

(1 \ ^ f r 
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Hereafter the various steps of the model are shortly explained. 

(1) . I t is assumed, that an amount of Q (Bq.m ) radionuclides per unit surface 

area is deposited. Part of this amount is i n i t i a l l y retained in the vegetation 

as is expressed by using a retention-factor ( f r ) . 

(2) . After deposition onto the grass, the radioactive debris is exposed to 

"weathering processes", leading to a decrease of the i n i t i a l concentration. 

At the same time, radioactivity w i l l diminish due to radiological decay. 

The effects of both these processes are taken into account by using an 

'•effective-decay-constant" for the radionuclide on the grass (Aeffgr; 

<f). 
(3) The intake of radionuclides by cows (lc(t); 8q.d" ) »s calculated by 

multiplying the amount present on the grass at a time (t) , 

(Qgr(t);Bq,m ) and the surface area grazed by a cow in one day 

(A = m 2 ^ " 1 ) . 

(*») A fraction of the amount of radioactivity, ingested by the cow is 

secreted into the milk. The concentration of radioactivity in milk 

(Cro(t); Bq.l ) is computed by using a transfer-coefficient (fmi). 

(5) The daily intake of radioactivity by man is calculated by multiplying 

the daily consumption rate (Cmf; l.d" ) of milk and the concentration of 

radioactivity in milk (Cm(t); Bq.l"'). 

(6) During the time period, starting with the ingestion of radioactivity 

by the cow until the milk is actually consumed by man, the radionuclides 

are subject to radiological decay. To correct for this effect the 

radiological decay-constants Ar (d )are used to calculate the decrease 

of radioactivity during this time period. 
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After this general description, the various steps will be discussed more 

detailed and the choice of the necessary parameters and other data will be 

commented. Because the aim of these calculations is to establish maximum 

permissible deposition levels, the description of the various steps will 

follow the opposite direction i.e. first the maximum permissible intake of 

the selected radionuclides >-y man is calculated. 

2.1.2 Maximim permissible intake 

With equation (1) the dose to man can be calculated from the amount of a 

radionuclide, that is ingested. This dose is calculated only for the first 

year after the accident. 

(1) H = ' * (2*«x60x60)xE x 1,602xl0"6 x fw x 10~ j 3 *"*•*.dt 
m. A 

(I1) or H = I,38x10"5 K E' fw (1 - e" X- 3 6 5) 
m.A 

H = dose absorbed in the critical organ in one year (Sv.a ) 

by ingestion of a radionuclide 

I = amount of a radionuclide ingested (Bq.) 

E * energy absorbed in the critical organ caused by one (MeV) 

des integration of a radionuclide 

fw = fraction of the ingested radionuclide that reaches the 

critical organ (-) 

m = mass of the critical organ (or total body) (g) 

X = , rr; Teff = effective half-time of the (d ) 
Teff 

radionuclide in the critical organ 

(or total body) 

Teff Tr . Tb 

Tr + Tb 

Tr = radiological half-time (d) 

Tb = biological half-time (d) 

in critical organ or total body 

For the some radionuclides, the lower large intestine (LLI) of the gastro

intestinal (Gl) tract is considered as the critical organ, because of direct 

irradiation of the walls of this organ. The average residence time for food 

in the lower large intestine is 18 hours (1959; ICRP-2 table 11). 

The dose absorbed in the lower large intestine is calculated with 

equation (2) 
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(2) H m 1 x E x 1,60x10"
6 x (60x60x18) x lp"4 

( 2 . ) O P ! H..1.0»x10-
51.E 

tn.A 

The symbols used in equation (2) have the same meaning as in equation (I). 

According to the recommendations of the ICRP (1959; ICRP-2) for B- and 

y-emitters a factor of 0,5 is used as a correction for the fact that only 

part of the energy released is actually absorbed by the walls of the lower 

large intestine. For a-emitters the ICRP had decided to use a correction 

factor of 0,01, because,due to the very short range of a-particles,only a 

small fraction will reach the walls of the lower large intestine. 

If dose limits for the critical organs or total body are substituted in 

equations (1) and (2) and the other necessary parameters are known, it is 

possible to calculate the maximum permissible intake from milk (MPIM) for a 

radionuclide. After rearrangement the following equations are applied to 

compute: 

(3) MPIM = H ' "Vine E — MP'M is expressed in Bq. 
(l-e"A*3b5) 1.38x10"5.E.fw 

CO MPir, H'm 
E x l,0ifx10"5 

Equation k is applied for radionuclides with the Gl (LLT) as critical organ; 

for 3- and y-emitters the calculated MPIM is multiplied by a factor 2 and 

for a-emitters by a factor 100. 

2.1.3 Retention on the grass 

After deposition, radioactivity is removed from the veqetation by rain 

and wind action. 

Except for these "weathering-processes", radioactivity on the grass will 

also decrease as a consequence of radiological decay, f f both the "weathering 

processes" and radiological decay are taken in account, it is possible to cal

culate the effective half-life of a radionuclide on the grass cover: 

(5) Teffgr . Ik*-ill 
Tgr + Tr 

Teffgr - effective half-life of a radionuclide (d) 

on the grass cover. 

Tgr » half-life as a result of "weathering" (d) 

Tr - radiological half-life (d) 
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So, the concentration of a radionuclide on the grass, t days after 

the deposition has occurred» is calculated by: 

/*\ « « -Xeffgr.t 
(6) Qt - Qo.e * 

Qt * amount of radionuclide (Bq.m ) 

retained on the grass cover after t days 

Qo = amount of radionuclide (Bq.m ) 

retained on the grass cover at t*0 

Aeffgr =—1^-i- (d"1) 
Teffgr 

t - time (d) 

From equation (6) it is easily derived, that after a time lapse exceeding 

the Teffgr more than 7 times, the amount present on the grass cover has 

decreased to a small fraction of the initial deposited amount (Qp). 

Therefore, dose absorption by man via the pathway grass-cow-milk-man after 

7 x Teffgr days isneglectable compared to the dose absorbed in the period 

starting with t * 0 until T = Teffgr. 

So it is decided, that in the model calculations the MPIP-values v»i 11 be 

related to a period of 7 x Teifgr days. 

2.1.4 Maximum permissible peak-concentration in milk» 

First the average permissible concentration APCH of a radionuclide in milk 

is introduced. Of course the APCM depends on the consumption rate of milk. 

The APCM is simply calculated by: 

(7) APCM = — ^ (Bq.T1) 
7 x Teffgr x Cmi 

APCM = average permissible concentration of radionuclide 

in milk, during a time period of 7 x Teffgr (d) 

Cmi = daily consumption of milk (1.d ) 

However, in reality the concentration of a radionuclide in milk will 

reach a peak level a few days after deposition of the radioactive debris on 

the grass cover. Next, the concentration in the milk will decrease exponen

tially because of the combined effect of "weathering processes" and radio

active decay, with a half-time equal to Teffgr. This is clearly demon

strated by Bruce and Russel (1969) and Comar (1966). 

Also it was found, that this peak level was reached respectively 2-3 days 

for I and about 

the radionuclides. 

for I and about 7 days for Sr and Cs after the cows started to ingest 
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Wlth these data it is possible to estimate the concentration of a 

radionuclide in milk at any moment within the time interval of 

7 x Teffgr, provided the "peak-conceni.rat ion" is known. 

(8) Ct - to.«-
Xeff9r-t (Bq.r1) 

Ct » concentration of a radionuclide in milk (Bq.1 ) 

at time t 

Co = peak-concentration of a radionuclide in (Bq.1 ) 

milk at t = 0 

Xeffgr - 1 n 2 ( d H ) 
Teffgr 

t = time (d) 

The average concentration in milk during a time interval 7 x Teffgr 

= tn is calculated by integrating equation (8a) and dividing by tn: 

, tn -Xeffgr. t ... 
(8a) Cav . - L . C o Q

 e dt 

_ ,, -Aeffgr x tn», 
orrCav- C p _ (1 - e ) 

tn.Xeffgr 

Cav * average concentration of a radionuclide (Bq.1 ) 

during tn - 7 x Teffgr days. 

If people were alowed to drink milk with this concentration of a 

radionuclide, the total amount of radionuclide ingested during the time 

interval tn = 7 x Teffgr is 
r • r /» -Xeffgr. tnv 

(10) , . £ZlhS° 0 - e ) (Bq) 
Xeffgr 

By substituting for I the MPIM »n equation (10) it is possible 

to calculate the corresponding maximum permissible peak concentration in 

milk (MPPM). Therefore equation (10) is rearranged to: 

MPPM - MPIM x Xeffgr; and because 1-e"7,1n2 = 1, 

<1-e"7'1n2).Cmi 

(11) MPPM» MPIM. Xeffgr/v-mi (Bq.1"1) 

If the peak-concentration of a particular radionuclide in milk does 

not exceed the MPPM, then the total amount of this radionuclide that 

will be ingested because of the consumption of milk during the time 

interval tn (»7 x Teffgr) will not exceed the MPIM. Thus, by measuring 

the peak-concentrat ion in milk after a nuclear accident, it is possible 

to predict in an early stage, if the ultimate dose will exceed the set-up 
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dose-limits. 

2.1.5 Maximum permissible intake for ejus. 

When cows are grazing on contaiainated pastures or if cows are fed with 

contaminated grass, the radioactivity attached on grass will enter the 

body of the cow. Part of the ingested radionuclides will be absorbed 

in the bloodstream. This part is distributed over various organs in the 

body of the animal and a fraction of this part may be secreted into the 

milk. This fraction is predicted with transfer-factors (fmi) • The 

transfer-factor for milk indicated, which fraction of the ingested 

quantity of a radionuclide (Bq.d ) is secreted in one liter of milk 

(Bq.r1). 

As mentioned earlier, the peak-concentrations of various radionuclides 

in milk will occur some days after the cow did ingest the radionuclides. 

Further it is assumed, that after the extraction of the milk from the cow, 

it will take another few days before the milk is actually consumed, due 

to processing activities in the dairy etc. During this time lapse, 

starting with ingestion of the radionuclide by the cow until the moment 

the milk is consumed, the radionuclides are subject to radioactive decay. 

With equation (12) it is possible to calculate the concentration of 

a radionuclide in milk, ready for consumption, in relation with the 

amount of this radionuclide ingested by the cow: 

(12) Cm » Ic./mi.e M 

Cm = concentration of a radionuclide in (Bq.1 ) 

consumption mi Ik 

Ic » quantity of radionuclide ingested by the (Bq.d ) 

cow in one day 

Xr » radiological decay-constant for radionuclide (d ) 

Xr * In 2/Tr 

t * delay between deposition and consumption by man (d) 

fmi * transfer-factor fora radionuclide (d.1 ) 

By equating Cm to the maximum permissible peak concentration(MPPM) in 

milk, the maximum permissible intake of a radionuclide for cows HPIC 

is calculated, that may be ingested on the first day after the deposition 

has occurred. Therefore equation (12) is rearranged to: 
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(13) HPIC - MPPK/(/mi.c"Xr't) expressed in Bq.d" . 

2.1.6 Maximum permissible contamination of grass. 

The intake of radionuclides by the cow depends on the concentration of 

radionuclides on the grass and the surface area grazed by the cow in 

one day. So if these parameters are known, the daily intake of a radio

nuclide is expressed as: 

OM lc = A. Qgr 

lc = intake of a radionuclide in one day 

A = area grazed in one day 

Qgr = contamination-level of a radionuclide 

on the leaves of the grass 

The maximum permissible contamination level MPCG of a pasture for a 

radionuclide is computed with equation O M . 

(15) MPCG = MPIC/A (Bq.rn"2) 

MPIC = maximum acceptable intake by cows at the (Bq.d ) 

first day after deposition of radionuclide 

2.1.7 Maximum perrrissible deposition on grass. 

During passage of a radioactive plume, deposition of radioactive sub

stances will occur by the mechanisms: settling of particulate material 

as a result of gravitation and filtering out by the vegetation cover. So 

it is obvious that the initial retention is influenced by the properties 

of the vegetation and the conditions at the time of the deposition (e.g. 

rainfall, windspeed). Also the physical and chemical form of the radioactive 

substances (e.g. soluble or insoluble, gases, diameter of aerosol particles 

play an important role). 

The maximum permissible deposition level on grass can be calculated 

with equation 16. 

(16) MPDG - MPCG/fr (Bq.m"2) 

MPCG * maximum permissible contamination of grass (Bq.m ) 

fr • retention factor or, grass (-) 

(Bq.d'1) 

(m2.d_1) 

(Bq.m" ) 
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2.1.8 Relative Radiological Risk (RRR) for short term. 

With the data about the maximum permissible deposition levels 

(MPDG) and data about the amounts of radionuclides that are 

released in a nuclear accident, RRR-values can be calculated: 

/,-.\ nnn amount of the radionuclide released , 
(17) RRR = flpÖG (m2) 

Amount of the radionuclide released (Bq.) 

MPDG = maximum acceptable deposition level for (Bq.m ) 

a radionuclide 

The RRR represents the area (m ) needed to spread the selected radio

nuclides evenly, resulting in a dose via the pathway grass-cow-milk

man that is equal to the dose limits. Of course these calculations 

are only true under the conditions and assumptions made for the model 

calculations. Nevertheless, the RRR-values make it possible to compare 

in an easy and convenient way, the relative potential hazardous effects 

of the selected radionuclides after an accidental release into the 

environment. 

2.1-9 Direct relation between the deposition level and the radiation dose to 

nan 

In the previous paragraphes all the steps of the proposed model are 

described seperately. However, it is also possible to predict the 

dose absorbed by man via the pathway grass-cow-milk-man directly from 

the deposition level of a radionuclide on the grass surface. Therefore 

the same scheme will be used as presented in figure 2.2 and also the 

same assumptions will be made as described in the previous paragraphes. 

It is supposed, that an amount Q (Bq.m ) of a radionuclide is 

deposited on the land surface. Part of this amount will be retained in the 

vegetation, indicated by the retention factor fr, and the initial contamina

tion level of the vegetation is: 

O.o= fr.Q (Bq.m"2) 

Due to "weathering" and radioactive decay the contamination level on 

the vegetation will decrease with time. The contaimination level at t 

days after deposition (Qt) is computed by: ? 

Qt - f r . Q e ' A e f f g r - t ( B ( l ' m " } 

X e f f g r - ^ - 2 — (d"1) 
Teffgr 

and Teffgr * iLJSL 
Tr + Tgr 
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Tr * radiological half-time 

Tgr » 'Weathering" half-time 

t - time (d) 

After a time lapse» exceeding the Teffgr more than 7 times» the 

contamination level on the vegetation is negligeble compared to the 

initial amount. Therefore, the dose absorbed after this period is 

neglectable in comparison with the dose absorbed in the period 

from t « 0 until t » 7-Teffgr (- tn). The total amount of a radionuclide 

ingested by cows, when they are grazing continually in the contaminated 

pasture in the period from t » 0 untill t • tn is: 
tn 

Ictot « fr.Q.A ƒ -Xeffgr.t.. 
e at 

„-. i t • fr.O.A ?, -Xeffgr.tnv 
or: Ictot » — — (t-e / 

Aeffgr 

where: (l-e"Xeff9r) = 0,992 * 1 

hence Ictot * fr.Q.A/Xeffgr 
2 -1 

A = surface area, grazed by one cow in one day (m .d ) 

The average daily intake of a radionuclide by cows during this period 

is: 

Ic * lctot/tn - fr.Q.A/(Xeffgr.tn) (Bq.d" ) 

The concentration of the radionuclide in milk, Cm, is calculated 

by using transfer-coefficients ffmi, d.l ) 

Cm - fr. fmi.Q.A./(Aeffgr.tn) (Bq. 1-1) 

During the period of time, between the ingestion of the radionuclide 

by cows and the consumption of the milk by man, radioactivity will 

decrease, caused by radiological decay. Therefore: 

r- ff' frni.Q.A -Ar.t 
tm • •• e 

Aeffgr.tn 

Ar - Tn2/Tr (d"1) 

Tr - radiological half-time of nuclide (d) 

t - time 
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The amount of a radionuclide ingested by man in tn days, due to drinking 

contaminated milk, depends on the consumption rate (Cmi; 1.d ) of milk 

by man: 

The intake of radionuclide in tn days is: 

. fr.fmi.Q.A.tn.Cmi -Xr.t /B v 
1 . S . e (Bq.) 

Xeffgr.tn 

The dose adsorbed in one year, caused by ingestion of an amount of I 

of a radionuclide is calculated with equation (I1): 

(18) H = 1.38 x TO"5 fr.fmi.q.A.Cmi.E. « e-Ar.t ( ]- e-^365 ) 

m.Xeffgr 

H - dose absorbed in the critical organ in one (Sv.a ) 

year, by ingestion of radionuclide 

E = energy absorbed in the critical organ caused (HeV) 

by des integration of one atom of radionuclide 

fw * fraction of the ingested radionuclide (-) 

that reaches the critical organ 

m = mass of the critical organ (or total body) (g) 

X = - ^ - ; Teff = effective half-time of a (d"1) 
jeff 

radionuclide in the critical organ 

For a number of radionuclides the lower large intestine of the gastroin

testinal tract (G.I.LLT) is considered as the critical organ. For these 

radionuclides, equation (2') is used to calculate the dose: 

(19) H = 1.0* x 10"5 fa'-Q-A.Ctnt.E ̂  e-Xr.t 

Xeffgr.m 

(For B- and y-emitters, H should be corrected by a factor 0.5; for 

a-emitters this correction factor is 0.01). 

With equations (18) and (19) a direct relationship is established between 

the initial deposition level and the dose absorbed in one year, due to 

the consumption of milk produced from contaminated pastures. 

2.2 MAXIMUM PERMISSIBLE CONTAMINATION LEVELS, LONG TERM. 

On the long term, contamination of agricultural food products occurs 

via the pathways soi1-piant-food-man or soil-plant-animal-food-man. The 

intake of radionuclides via these pathways may be small as compared to the 

possible intake caused by direct deposition of radioactive substances on 

grass and field crops. However, the entry of radionuclides into the human 

body via the soi1-plant-pathways has a more chronic character and will last 
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for many years, at least for the radionuclides with sufficiently long 

half-lifes. 

In the next section maximum permissible soi1-concentrat ions (MPSC) 

for a number of relevant radionuclides will be calculated. The MPSC-value 

of a radionuclide is defined as the upper limit of this radionuclide that 

may be present in the soil resulting in a dose absorbed by man not 

exceeding a dose limit. 

For the considered pathways it is supposed that the daily intake 

pattern of radionuclides with contaminated food products will show only 

small fluctuations over prolonged periods of time. Therefore the ICRP-

concept for the chronical intake of radioactive substances was used 

to calculate the maximum permissible daily intake values (liPDl) of the 

radionuclides. (ICRP 6 and ICRP 9). 

2.2.1 The plant-uptake model. 

To evaluate the potential hazard of radionuclides in agricultural soils, 

it is necessary to establish a relation between the soil concentration and 

the plant-uptake. 

For this reason an empirical model is developed to predict the 

uptake of radionuclides by agricultural crops from the soil. The model 

Is based on the following hypotheses (fig. 2.3): 

(1) the concentration of a radionuclide in the soil solution is a 

function of the distribution-coefficient (Kd) between the solid 

soil materia) and the soil solution. 

(2) transport of radionuclides to the plant roots is proportional to 

the water uptake of the plant and the concentration in the soil 

solution. 

(3) the roots of the plant will not select ncr discriminate the 

(trace) amount of radionuclides supplied to the roots. 

('4) the absorbed radionuclides are distributed over various parts 

of the plant according to plant distribution factors. 

ad (1) The distribution coefficient (Kd) of a radionuclide is defined 

as: the ratio between the amount of this radionuclide adsorbed 

on the solid soil components and the amount dissolved in the 

soi1 solution (1.kg ). 
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transpiration 

precipitation 

^ - * » 

soil solution 

i 

soil 
solid 
material 

Kd adsorption 

leaching 
F»g. 2.3. Uptake of radionuclides from soil by plants. 
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(20) Csol 

If the Kd-value and the amount of a radionuclide deposited 

on a land surface are known, the concentration in the soil 

solution is: 

D 

d(Kd-p+wc) 

Csol : concentration of radionuclide in (Bq.1 ) 

the soil solution 

D : deposition level of the radionuclide (Bq.m ) 

on the land surface 

d : depth of the soil layer, contaning a (m) 

radionuc? ide 

Kd : distribution-coefficient of the radio- (1.kg ) 

nuct ide 

p : density of soil layer containing radio- (kg.m ) 

nuclide 

wc : water content of the soil layer containing (1.m 

the radionuclide 

ad 2 and 3) In the proposed model the transport of radionuclides to the 

plant roots is assumed to occur as mass-flow with the 

water moving to the plant roots, needed by the plant for 

transpiration. Under this assumption the amount of 

radionuclides transported to the roots is proportional 

to the water-uptake times the concentration of the 

radionuclides dissolved in the soil solution. 

The total amount of radionuclides transported to the plant 

roots is assumed to be absorbed. 

Under these circumstances no concentration gradient is build 

up around the plant root and diffusion of radionuclides to 

the plant roots is neglectable. 

Certainly these assumptions lead to a simplification of 

the real processes, that control the plant-uptake of the 

radionuclides. However, most of the research done about this 

subject was concerned with plant nutrients of which the 

concentration in the experiments (and also in soils) is 

usually much higher than it will be in situations of r.id .c;tiv.->. 

contamination of agricultural soils. 

Information about the uptake of micro-quantities of elements 

supplied to the plant roots is scarce and in some way conflicting. 
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Therefore it is difficult to estimate the error introduced 

by applying these assumptions. However, it seems most likely 

that the results will show a certain degree of conservatism. 

ad **) The radionuclides, absorbed by the plant roots will be 

distributed over various parts of the plant. To predict the 

dose that man will receive by the ingestion of contaminated 

agricultural food products, the concentration in specific 

edible parts is introduced: a factor k is used to indicate the 

fraction of radionuclide absorbed by the roots, that 

reaches the above ground pdrts of the plant. 

(?!) k total amount of radionuclide in above ground parts 

total amount absorbed by the roots 

A factor f is introduced to indicate the fraction of the total amount of the 

radionuclide which is present in specific edible parts of the plant, 

(e.g. grains of cereals, tubers of potatoes), 

/--v f _ concentration of radionuclide in edible parts 

average concentration in above ground parts 

(f is supposed to be 1 for leafy vegetables and grass). 

Pased on the above mentioned hypotheses, the next equation was established 

to predict the concentration of a radionuclide in (parts of) plants. 

(23) C = k.f M S 

d(Kd.p+wc) 

C : concentration of radionuclide in specific edible parts (Bq.kg ) 

of plants 

TR : Transpiration-ratio, indicating the amount of water (1.kg ) 

transpirated per kg of produced dry plant material. 

(all the other symbols have the same meaning as 

explained earlier). 

The transfer of radionuclides from one compartment of an ecosystem into 

another is generally indicated with concentration or discrimination ratios. 

In the soil-plant system the concentration ratio (CR) is defined as the 

ratio between the concentration in dry plant material (Bq.kg ) and the 

concentration in dry soil (Bq.kg ). Based on equation (23) the CR is 

expressed as 

(2*0 CR - k.f 2£_ 
Kd+wc/p 
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2.2.2 Maximum permissible deposition on soil. 

With equation (23) and data about the average diet it is possible 

to calculate the intake of radionuclides with the various food products 

using the following model: 

(21) 
* •" ttot = leer +lpot +Iveg +lb + lmi 

I tot = daily intake of radionuclide (Bq.d ) 

Icer.-.lmi daily intake of a radionuclide 

via cereals, potatoes, vegetables, beef and dairy products 

(26) leer = TRcer.fcer .Ccer. — 
d(kd.p+wc) 

(27) I pot = TRpot.fpot .Cpot. ^ 

d(kd.p+wc) 

(28) Iveg = TRveg.Cveg Jt^D _ 

d(kd.p+wc) 

(29) I be = Ic.fbe.Cbe 

(30) I mi = Ic.fmi-Cmi 

(31) Ic = G.TRgr. k^D SJ) 

d(Kd .p+wc) d.p 

TRcer,TRpot,TRveg. TRgr : transpiration ratios of cereals, potatoes, 

vegetables, resp. grass (l.kg ) 

fcer,fpot : ratios between the concentration in the grains of cereals 

resp. in potatoes and the concentration in the above-ground 

plant parts. 

fbe,fmi : ratios between the concentration of radionuclides, in beef 

resp. milk and the daily intake by the cow. (d.kq ) 

Ccer,Cpot.CyegtCbe,Cmi : human consumption rate of cereal products, 

potatoes, vegetables, beef and milk resp. (kg.d ) 

Ic : daily intake of radionuclides by cows (Bq.d ) 

G : average daily consumption of grass by a cow (kg.d ) 

S : average daily consumption of soil by a cow (kg.d ) 

k , total amount of radionuclide in above ground plant parts 

total amount absorbed by the roots. 

D : deposition level of radionuclide (i) on the land surface (Bq.m 

d : depth of the soil layer containing the radionuclide (m) 

Kd : distribution coefficient of radionuclide (i) (l.kg 

p : density of the soil (kg.m 

wc : water content of the soil (1.m ) 
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Uith the equations (25~31) 't is possible to calculate the relative 

contribution of each component of the diet to the total intake of a 

radionuclide. 

The maximum permissible deposition on the soil (MPDS) can be calculated 

with the equations (25~31) by substitution of I by the maximum 

permissible daily intake (MPDI) and of the deposition D by NPDS. 

2.2.3 Relative Radiological Risk (RRR) for the patJiway soil-vlant... man. 

The same method, as explained for the short term consequences, is 

used to calculate the relative radiological risk of the different 

radionuclides for the long term: 

{V)\ RRR - a m o u n t °f radionuclide 150 days after release 

MPDS 
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3- EXAMPLES OF MODEL CALCULATIONS 

3-1 ACCIDENT DESCRIPTION 

The mode) was used for a case study of the consequences of an accident 

with a pressurised water reactor and slightly enriched uranium as fuel. 

The total inventory of a reactor (data from Blomeke et al.t 197*») was 

classified in groups according to their behaviour in the biosphere. In 

order to limit the necessary calculations, respesentative radionuclides 

out of each group were selected (table 3 - 1 ) . 

Radionuclides with a half-life of less than one day were excluded, as 

were radionuclides which amount to less than 1% of the total activity 

of the group to which they belong. However, radionuclides which are 

considered as extremely dangerous to man, or those with a high mobility 

in the biosphere were, in any way, taken into consideration. 

For deposition on the crop the pathway grass-cow-mi Ik was a used in the 

calculations. All selected radionuclides were supposed to be distributed 

over an area grassland in the same composition as they are present in 

the reactor. 

The same assumptions were made for the lon^-term pathway. After deposition 

radionuclides will be incorporated in the soil and can then, be absorbed 

from the soil by plants. 

Consumption of products by man which are contaminated via the pathway 

soi1-crop-man or soil-crop-cattle-man is assumed not to occur earlier 

than 150 days after the release from a reactor. 

3.2. PARAMETER VALUES 

3-2.1 Dose-limits 

The reference dose, used in the further calculations is based on the 

recommendations, set up by the International Commission on Radiological 

Protection (1966; ICRP-9) for occupational exposure from controllable 

sources. However, for practical reasons, some simplifications have been 

introduced. In table 3.2. the recommended dose limits for occupational 

exposure are compared with the dose limits used in the rodel calculations. 

The data from Blomeke predict the radioactivity of nuclear waste from a reactor 

and therefore they are an overestimation of the activity of the contents of a 

reactor at the moment of an accident (VAR, 1978). 



Group Selected radionuclides 
for radiation dose 
calculations 

Fraction released 
after maximum 
credible accident 
(WASH 1400) 

Contribution of each-group 
to the total activity {%) 
in a pressurised water 
reactor 

'1. 

2, 

3. 

Tritium 

Alkali metals 

Alkali earth 
metals 

4. 1 Rare earth 

elements + 

V, Zr, Nb 

4.2 Actinium Series 

5. (Noble)metals 

6. Calcogen elements 

+ C, N, In, Tl 

7. Halogens 

8. Noble gases 

86 

89 
Rb, 

Sr. 

^ C „ ,36Cs. '37Cs 
90Sr. Ï**"•.. m Ba 

9,Y, 95Zr, 95Nb, ^la 90y 

, M C e , lM*Ce, U 3Pr, U 7Nd, U 7Pm, 

U 8Pm, 156Eu. ,W»Pr 
233Pa, 237U. 238Pu, 239Pu, 2 S m 
243. 244. 241. 243r Am, Cm, Pu, Cm 
54u 58r 99T 103D 106_ I11A Mn, Co, Te, Ru, Ru, Ag 

03m- 106. ,03Ru, 106Ru, Rh, Rh 
,,7mSn, 123Sn, l« s„. 125$b> 127$b 

,27mTe, 129mTe, ,32Te. , 2*Te f
 127Te, ,29Te 

129, 131, 

85Kr'. ,35Xe 

? 

0,5 

0,06 

0,004 

0,004 

0,4 

0,4 

0,7 

0,9 

0,0017 

1,02 

5,83 

27,4 

48,8 

9,56 

1,29 

2,09 

3,93 

o 

(* Tritium and the noble gases are not considered in dose calculations, tritium because insufficient data are available, the 
noble gases because they are not incorporated in the foodchain. 

le 3.1. Groups and selected radionuclides, release fraction after a maximum credible accident and the contribution to the 
total activity of a reactor. 
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Table 3-2. : Dose-limits used in the nodeI calculations, compared with 

the ICRP-recommendations.* 

ICRP-dose l im i ts for 
occupational exposure Model calculat ions 

Organ or t issue dose l im i ts organ or t issue dose l im i ts 

gonads, red bone-
marrow 

sk in , bone, thyroid 

other single organs 

1 
5 rem.a 

30 rem.a 

IS rem.a 

t o t a l body, bone 

a l l other s ingle 
organs 

c -1 
5 rem.a 

15 rem.a 

It should be noted, that the introduced reference doses, should not be 

regarded as upper limits to be applied in actual accidental situations. 

The dose limits are used here only to have a reference level in the 

model calculations. The ICRP-recommendation for a permissible dosis of 

individual members of the public are a factor of ten lower than the 

values used in the calculations. Permissible contamination levels 

should therefore also be a factor of ten lower than the values which 

are calculated. 

3.2.2 Short-term pathway. 

Retention factor (fr) 

The values, found in the literature, with regard to the initial retention, 

show a wilde range. Kirchman et at. (1967)reported that in some experiments 

not more than 3-3% of a Cs-solution sprayed over rye grass was retained 

in the vegetation cove*-. Cline et at. (1965)measured a retention percentage 
131 

of 85% for sublimated I in grass. Lower values were reported by Bruce 

and Russell (1969) and Bryant (1969) with retention percentages of 

respectively 15~30% and 25%. After evaluating the available data about 

this subject is was decided to use a retention factor of 0.5 in the 

calculation of the maximum acceptable deposition levels for the selected 

radionuclides. 

Weathering half-time (Tgr). 

After deposition, radioactivity is removed from the vegetation by rain 

and wind action. Krieger and Burmann (1969) studied the decrease of radio-

In this and the following chapters the old units Ci and rem are still used; 

1 Bq = 2.7 x 1Q~ H Ci and 1 Sv - 100 rem. 
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nuclide concentration on a contaminated pasture under different conditions. 

The decrease of the concentration proceeded exponentially. If the fields 

were protected against rain the half-time varied between 10 and 15 days for a 

fast eliminated component. Another half-time was calculated for a slower 

eliminated component, that ranged from 25 to more than 50 days. The half-

time values for sample areas exposed to rainfall were respectively 3 to 4 days 

for the fast component and also 25 to more than 50 days for the slower 

component. 

According to these data, it was concluded that after a single deposition 

of nuclear debris on an established pasture, a little over two months 

would be sufficient to decrease contamination more than 90%. 

Half-time values between 10-15 days were reported by several authors 

(Russell, 1966; Milbourn and Taylor, 1965 and Cline et al., 1965). Under 

poor growing conditions, this elimination half-time may be longer. Martin, 

(1961*) has measured, that on plants ;n the Nevada Test Site the decrease 

of foliar concentrations proceeded with a half-time of approximately 

28 days. A weathering half-time of 14 days has been assumed for the 

calculations. 

Surface area grazed by a aoa (A). 

The area grazed in one day is largely dependent on the agricultural system. 

At present it is supposed that in an average Dutch dairy farm, one cow needs 

60 m of grass per day, during a grazinq season of about 180 days a year. 

During this period, no or only minor quantities of additional feed are sup

plied to the cows. In the winter season cows are fed with hay, grain products 

and other feed crops (e.g. maize, leaves of sugar beets) and are not allowed 

to graze outside. However, in areas with a mild winter climate, the situation 

may be different, because the cows w'll stay outside all the year long. 

Under these conditions the daily grazed area may be considerably larger, 

because in the winter the growth of the grass is retarted. Therefore the 

cows need a larger area to fulfil their daily feed requirements, at least 

if no substantial amounts of additional feed is provided. 

As a genera) rule it is concluded that the intake of radioactivity as a 

consequence of contaminated pastures, will be lowest under management practices 

which give the highest yields of grass and at times when the highest yields 

are in the pastures (Comar, 1966). 
2 -1 

In the calculations 150 m ,6 was chosen as a representative value for A. 
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Transfer coefficients from grass to milk (fmi). 

Several lists for transfer coefficients from grass to milk exist 

(Ng et al.* 1968). Data for these Iistsoriginate from very different 

sources. Some are values determined experimentally for radioactive 

nuclides, other are derived from data about concentrations of stable 

elements in grass and milk. (Ng et al.3 1979 a.b, Hoffman et at., 1978). 

For the calculations data from Ng et al.3 (1977) are used. 

Time lapse between deposition and consumption. 

It will take 2 to 7 days after ingestion of radionuclides by a cow, 

before these nuclides are excreted in the milk. Furthermore processing 

of the milk and transport to the consumer will take some days. Therefore 

it is assumed that radioactive decay occurs during 5 days between deposition 

and consumption. 

Milk consumption. 

In the model calculations it is assumed that each individual consumed on litre 

of milk or dairy products oer dav. This value is an overestimation and there

fore a certain degree of conservatism is introduced. Consumption of other 

agricultural products, however, is neglected. 

Calculation of foses from ingestion. 

For the calculations described in 2.1.2 all parameter values are taken 

from the ICRP 2 and 6. 

3.2.3 Long term pathway. 

Human diet in the European Community. 

The intake rate of radionuclides with contaminated food products is dependent 

on the composition of the human diet and the ingestion rate of the various 

food products. For the model calculations a standard diet is established, 

which represents the average daily intake of the major food products for 

people living in the E.C. member countries. In the further calculations 

it is assumed that all of the ingested food is produced in the contaminated 

area. In fact this assumption will result in conservative results, because 

at present there is a large scale exchange of agricultural products within 

and outside the E.C. member countries. This will cause a dilution in the 

degree of contamination of the human diet. In table 3-3 the standard 

human diet is presented. 
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Table 3-3- Standard human diet for people living in the E.C. member 

countries (Source: Voedingsmiddelen jaarboek 1977-1978). 

kg.d (fresh weight) water cont.{%) kg.d"1 (dry matter) 

cereal products 0.205 * 10 0.185 

potatoes 0.230 * 77 0.055 

vegetables 0.270 •v» 90 0.027 

beef 0.070 

mi Ik + dairly prod. 0.300 

It should be noted that pore is not included in this standard diet 

because in present agricultural practices pigs are continually kept 

inside and mostly are fed with products that are not locally produced. 

Foodahain transport. 

The necessary parameters in the equations here been obtained after an 

extensive review of available literature covering these subjects. For 

a number of the selected radionuclides, no or only very limited data 

are available and in these cases estimated values are used for the 

model calculations. 

These parameters represent conservative values as they were choosen 

from the "safer" side of a reported range in the literature. This is 

easily demonstrated for plutonium. The concentration ratio CR calculated 

with equation (2**) is 10 , if for the parameters Kd and k the conservative 

values of 2000 and 0.5 are used. If for the same parameters less conservative, 

but nevertheless reported values of 10 000 and 0.1 are used, the CR-values 

becomes *»x10 . For most of the other selected radionuclides the degree of 

conservatism is probably less pronounced. This is concluded after comparison 

of the calculated CR-values with data reported by Menzel (1965). However 

One exception of this agreement is observed with Sb. The calculated CR-value 

(with equation 2*») is 21, while Menzel (1965) and Price (197D report this 

radionuclide as being strongly excluded by terrestrial plants. No literature 

data, concerning plant uptake experiments with Sb, are available to check 

this discrepancy. 
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Transpirat ion ratios TR for different plants, but also within 

the same plant species grown under différents environmental conditions 

show large fluctuations. As a general rule it is concluded that the 

transpiration ratio is lowest under good growing conditions, when a 

regular supply of water and Dlant nutrients is guaranteed 

(Blanchet, 1977; Roemer and Scheffer, 1953)- The relative highest 

values for transpiration ratios are measured in areas with dry and 

warm climatic conditions. The TR-values used in the model calculations 

for cereals and potatoes were obtained after reviewing a number of reported 

data, taking into account that in Western-European countries generally 

moist and temperate climatic conditions predominate. However for grass 

and vegetables no data were available. The TR-value for grass was 

estimated on 330, assuming that 15 ton of (dry) grass/ha is produced with 

500 mm water available for transpiration. For vegetables a TR-value of *»00 

was taken (Bear, 1965; Buckman and Brady, 1965; Roemer and Scheffer, 1953)-

In the calculations the density of the soil-layer (p) containing the 

radionuclides is supposed to be 1200 kg/m and the depth of this layer (d) 

0.25 m. In arable land this depth agrees with the average depth to which 

normal soil tillage practices are extended. Due to these soil tillage 

activities the superficially deposited radioactive substances are effectively 

mixed through the upper soil layers. However, in permanent pastures soil 

tillage is net practiced and the downward movement of the deposited 

radionuclides will proceed rather slowly, because it depends on the percolation 

with rainwater and on biological mixing processes. The rate of downward 
90 129 99 

movement for Sr (after I and Tc probably the most mobile 

of the selected radionuclides) is limited to about 1-2 cm/a in the first 

years after deposition (Frissel and Reiniger, 197*0 • Therefore the calculated 

concentrations of the radionuclides in grass with equation (23) will show 

overestimated values, because the absorption of water and dissolved substances 

is extended to a larger soil layer. The degree of this overestimation depends 

on hydrological and soil proporties and is relatively small as wet conditions 

of the grasslands prevail. In such conditions the rooting-depth of permanent 

pastures is very shallow and most of the water and nutrients are absorbed 

from the upper 5-10 cm. 

The transferfactors fmi and fbe as well the adsorption coefficien Kd are 

derived from Burkkolder et dl.a (1975) and Ng et al., (1977)> The grass 

consumption by a cow is supposed to be 10 kg dry natter per day. Soil 
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consumption by cows is neglected in these calculations. Other values 

of the parameters are given with the results. 

3.3. RESULTS 

3.3-1 Short-term pathway 

The calculated maximum permissible depositio.n levels on grass (MPDG) for the 

selected radionuclides presented in table 3-*» show large differences, ranging 
7 2 

from about 0.1 to 10 pCi/m . This large variation is primarily effected by 

the values of the transferfactors, fmi, indicating the amount of radioactivity 

ingested by the cow that is secreted into the milk. Radionuclides, that are 

strongly discriminated by the cow for entering the milk, have generally the 

highest MPDG-values and radionuclides with relatively high transfer-factors 

show the lowest MPDG-values (e.g. I, Cs, Zr, Tc, Ag, Nb). 

For a few of the selected radionuclides the very short radiological 

half-life (e.g. y Y, La, Am) are responsible for rather high MPDG-

values. As a whole the MPIM (maximum permissible intake)-values are less 

important as compared to the effects of the transfer-factors (fmi). 

In table 3*5 the contributions to the total radiological risk are 

summarized for radioou-l ides of the classified groups. Radionuclides belonging 

to group 7» const ̂ tute the largest potential risk for the pathway grass-cow-

milk-man after release into the environment. 
131 

This potential risk of group 7 is almost completely due to I. 

Secondly, radionuclides of group k.] constitute the greatest potential 
95 95 

risk, caused for more than 99$ by Zr and Nb. This surprising result 

must be attributed to the very high transfer-coefficients (fmi), calculated 

by Ng et at., (1977). However, the reliability of this calculation should 

be doubted (as is already indicated by Ng and co-workers). These calculated 

transfer-coefficients for Zr and Nb are based upon stable isotope concentra

tions found in plant material and in milk. Only one measurement of both 

these elements in milk was available to Ng et al. to make their calculations 

and by this procedure the transfer-coefficient for Zr was supposed to be 3x!0 

Thi'. means, that at least a fraction of 0.8 of the Zr ingested by the cows 

must be transferred from che gastrointestinal tract into the blood. Thi? high 

fraction seems unlikely, especially if it is compared with the fraction of Zr 

absorbed in the human blood, which is less than 10 , according to ditta of 

the ICRP (1959; ICRP-2). 

So it must be concluded, that further research is needed concerning the 
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transfer of Zr and Mb from the feed to the milk. Also the effect of the 

chemical form on the value of the transfer-coefficient should be investigated. 

After group *».l, group 3 and group 2 wi 11 be of major concern and within 

these groups the greatest risk must be attributed to Sr and Sr for 

group 3 and Cs and Cs for group 2. The contribution of the other 

groups to the radiological risk of the radionuclides in the reactor core 

is of minor importance. It is remarkable, that the lowest values are 

calculated for the actinide elements (group 't.2), which group includes 

isotopes of U, Pu, Np, Am and Cm. 

Evaluations of accident situations have demonstrated, that the fractions 

of radioactivity, that will be released after the maximum credible accident 

are respectively 0-7, 0.5 and 0.06 for the groups 7, 2 and 3 (WASH-1MH)). 

So it is concluded, that after nuclear accidents major attention should 

be paid to the concentrations of I, Cs, Cs, Sr and Sr in milk. 

95 95 
The maximum release fraction for group ^.l, including Zr and Nb, is only 

0.003. For this reason and because the high values for the transfer-
95 95 

coefficients for Zr and Nb used in the calculations seem to be rather 

speculative, the potential risks of these radionuclides are considered as 

less important than the risks of the other mentioned radionuclides. 

The parameters, needed to calculate the concentration of radionuclides 

in milk after deposition of radioactive debris on grass, may show large 

variations. These variations will depend on many factors, like management 

practices on the dairy farm, time of the year, weather conditions during 

and after the deposition, production level and intensity of the agricultural 

system etc. So it is obvious, that the predicted dose rates, calculated 

with the proposed model, may implicate a considerable degree of uncertainty. 

Therefore, it is stressed here that in actual accidental situations, the 

concentrations of the various radionuclides in milk should always be 

measured. Because if these data are available and the peak concentrations 

are compared with the calculated values for maximum permissible peak 

concentrations, more precise predictions with regard to the dose that 

will be absorbed by man can be made. This is explained by the fact, that 

these values are independent of the transfer-factors (fmi) and the 

area grazed daily by the cows (A). 
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Table $.h Calculation of maximum permissible deposition levels of 

radionuclides on pastures. 

MPIM • maximum permissible intake (uCi) of a radionuclide, which 
leads to a dose absorbed in the critical organ (according 
to ICRP-2; 1959) not exceeding the dose limits (table 3.2) 
calculated with equations (3) and (k). 

Teffgr = effective half-life (d) of a radionuclide on the grass-
cover. The decrease of the radioactivity retained in the 
grass-cover is caused by "weathering" processes and radio
logical decay. Equation (5) is used to calculate the Teffgr-
values. 

APCM = average permissible concentration of a radionuclide in 
milk (yCi/1) during a period of 7 x Teffgr leading to a 
total intake equal to the MPIM-value. After a time period 
of 7 x Teffgr the amount of radioactivity retained on the 
grass is less than }% of the initially amount of the grass. 
The intake of radionuclides after this time via milk is 
neglectable compared to the amount ingested before this 
time. Here it is assumed that the human consumption of milk 
is 1 1/d. 

KPPM = maximum permissible peak concentration (uCi/1) of a 
radionuclide in milk, leading to a toal intake equal to the MPIM-
value. MPPM-values are calculated with equation (11). 

fmi = transfer-coefficients, indicating the amount of a radionuclide 
ingested by cows, that is secreted into the milk (d/l). The 
/mi-values are derived from Ng et al,s (1977)-

MP IC = maximum permissible intake (uCi/d) of a radionuclide by a 
cow in one day, leading to a concentration of this radionuclide 
in milk not exceeding the MPPM-value. MPIC-values are calculated 
with equation (13). 

2 
MPC6 = maximum permissible contamination level of grass (uCi/m ) 

for a radionuclide, leading to a daily intake of this radionuclide 
by cows not exceeding the MPIC-values. MPCG-values are calculated, 
assuming that the daily area grazed by cows is 150 m2. 

2 
MPDG « maximum permissible deposition level (uCi/m ) of a radionuclide 

on the grass, leading to a dose absorbed by man (according to 
the model assumptions) not exceeding the set-up dose limits. In 
the calculations it is supposed that 501 of the deposited 
radioactive substances is retained in the grass-cover. 



Table 3.1». Calculation of maximum permissible deposition levels of radionuclides on pastures. 

Table 3.*» MPIM Tef fgr APCM MPPM fml MPIC MPCG , 
(ViCi/mZ 

MPDG j 
(pCi/rri ) 

Group 2 

(uci ) (d) (uCi /1 ) (uCi /1) (yCi /d) 
MPCG , 
(ViCi/mZ 

MPDG j 
(pCi/rri ) 

Group 2 

8 6 * b 518 8 .0 10 45 l . 2x10" 2 A.5x103 3 . 0 x 1 0 - 1 6.0X101 

" * e . 70 13.7 0.7 3 7.1x10" 3 l».2x102 2.8x10° 5.6x10° 
1 3 6 Cs 66 6.7 11» 68 7.1x10" 3 1.3X101* 8.7x101 1.7x102 

, 3 7 CS 118 1*» 1 6 7 .1x10" 3 8.5x10 2 5.7x10° l . l x l O 1 

Group 3 
8 V 16 11.0 0.2 1 1 .i»x10~3 7 . 7 ^ . 0 2 5.1x10° I .OxlO1 

l W B . 302 6.7 6 31 
-it 

3.5x10 1.2x105 8.0x10 2 1,6x103 

Group ' • . I . 
1 

50y 132 2.3 8 1»0 2.0x10~ 5 7 .3x10 6 4.9x10 9.7x10^ 
9 l Y 199 11.3 2 12 2 .0x10" 5 6.l»x105 i».3x103 8.5x10 3 

9 5 Z r 488 11.5 6 29 8.Ox10"2 3.8x10 2 2.5x10° 5.1x10° 
9 5Nb 733 10.0 10 51 2 . 0 x 1 0 - 2 2.8x10 3 1.9x101 3.7X101 

l M ) L a H»7 1.5 14 63 2 .0x10" 5 2 .5x10 7 1.7x105 3.3x10 5 

, M C e 689 9 .8 10 49 2 . 0 x 1 0 - 5 2 .7x10 6 1.8x10 3.6X101* 
1 " c e 90 13.3 1 5 2 . 0 x l 0 " 5 2 .5x10 5 1 .7x l0 3 3.3x103 

1 * 3 P r 366 6.9 8 37 2.0x10~ 5 2.l»x106 l.óxlO1* 3.2x10*' 



Table 3.*» 
c o n t . 

Group 4 .1 
con t inued 

MPIM 
(uC?) 

Teffgr 
(d) 

APCM 
(yCI/1) 

MPPM 
(uC1/ l ) 

f mi MPIC 
(uCi /d) 

MPCG , 
(uCi/ni ) 

MPDG , 
(uCf/ni ) 

Tab le 3.*» 
c o n t . 

Group 4 .1 
con t inued 

1 4 7 H d 4 M 6 . 3 10 48 2 . 0 x 1 0 " 5 3 . 3 x 1 0 6 2 . 2 x 1 0 4 4 . 4 x 1 0 4 

1 4 7 P * 1700 1 3 . 8 18 85 2 . 0 x 1 0 ~ 5 4 . 3 x 1 0 6 2 . 9 x 1 0 4 5 . 7 x 1 0 4 

Group 4 . 2 . 
2 3 5 F a 
237 I J 

902 9 . 2 14 68 5 . 0 x 1 0 ' 6 
1 . 6 X 1 0 7 1 . 1 x 1 0 5 2 . 1 x 1 0 ^ 

2 3 8 P u 
2 3 9 P u 
2 4 2 A * 

280 

290 

600 

14 

14 

O.64 

3 
3 

134 

14 

14 

600 

1 . 0 x 1 0 - 7 

1 . 0 x 1 0 ~ 7 

2 . 0 X 1 0 ~ 5 

1 . 4 x 1 0 8 

1 . 4 x 1 0 8 

5 . 3 x 1 0 ^ 

9 . 3 x 1 0 5 

9 . 3 x 1 0 5 

3 . 5 x 1 0 7 

1.9x10 

1 . 9 x 1 0 6 

7 . 1 x 1 0 ^ 
2 4 3 Am 278 14 3 14 2 . 0 x 1 0 " ^ 7 . 0 x 1 0 ^ 4 . 7 x 1 0 5 9 . 3 x 1 0 5 

2 4 4
C m 212 14 2 10 2 . 0 x 1 O ~ 5 5 . 0 x 1 0 5 3 . 3 x 1 0 5 6 . 6 x 1 0 3 

Group 5* 
54Mn 

5 8 C o 

902 

689 

1 3 . 4 

1 1 . 7 

10 

8 

47 

41 

8 . 4 x 1 0 - 5 

2 . 0 x 1 0 " 5 

5 . 7 x 1 0 5 

2 . 2 x 1 0 4 

3 « 8 x 1 0 3 

1 . 5 x 1 0 2 

7 . 6 x 1 0 5 

2 . 9 x 1 0 2 

9 9 T c 335 14 3 16 9 . 9 x 1 0 " 5 1 . 6 x 1 0 5 1 . 1 x 1 0 1 2 . 1 x 1 0 1 

1 0 3 ^ vRu 837 1 0 . 3 12 56 6 . 1 x 1 0 " 7 1 . 0 x 1 0 8 6 . 7 x 1 0 5 1 .3x10 
106 D Ru 90 

317 

1 3 . 5 

4 . 9 

1 

9 
5 

4 5 

6 . 1 x 1 0 ~ 7 

3 . 0 x 1 0 " 2 

8 . 3 x 1 0 6 

2 . 4 x 1 0 3 

5 . 5 x 1 0 4 

1 . 6 x 1 0 1 

1 . 1 x 1 0 5 

3 . 2 x 1 0 1 



Table 3.** MPIM T e f f g r APCM MPPM fmi MPIC MPCG 
(uCf/mZ ) 

MPDG 2 

(uCi/rn ) c o n t . 

Group 6 

(pCl) (d) (uC i /1 (uC i /1 ) ( y C i / d ) 
MPCG 
(uCf/mZ ) 

MPDG 2 

(uCi/rn ) c o n t . 

Group 6 

1 l 7 m S n 
1 2 5 S n 

1 2 5 S n 126 5 .7 3 15 1 . 2 x 1 0 " 5 1 . 8 x 1 0 4 1 . 2 x 1 0 2 2 . 4 x 1 0 2 

1 2 5 S b 733 1 3 . 8 8 37 2 . 0 x 1 0 ~ 5 1 . 9 x 1 0 6 1 . 3 x 1 0 4 2 . 6 x 1 0 4 

1 2 7 s * 
1 2 7 n ! re 412 12 .4 5 23 2 . 0 x 1 0 " 4 1 . 2 x 1 0 5 8 . 0 x 1 0 2 1 . 6 x 1 0 5 

1 2 9 m T e 242 9 . 9 3 17 2 . 0 x 1 0 " 4 9 . 4 x 1 0 4 6 . 3 x 1 0 2 1 . 3 x 1 0 5 

1 3 2 T 6 136 2 . 6 7 36 2 . 0 x 1 0 " 4 5 . 2 x 1 0 5 3 . 5 X 1 0 5 7 . 0 x l 0 5 

Group 7 
1 2 9 j 2 14 0 . 0 2 0 . 1 9 . 9 x 1 0 - 5 1 . 0 x 1 0 1 6 . 7 x 1 0 " 2 1 . 3 x 1 0 " ' 
1 3 1 , 

8 5 . 0 0 . 2 1 9 . 9 x 1 0 " ^ 1 . 6 x 1 0 2 1 . 1 x 1 0 ° 2 . 1 x 1 0 ° 
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Group Radionuclides which Contribution [%) to the total 
contribute for more radiation dose to man caused 
than 1 % to the by consumption of contaminated 
dose caused by a milk, after release of radionuclides 
whole group from a reactor in the same composition 

,3Vs 

».2 2 * * C 
sub total 

as they we re present in the reactor 

'"ts I 
sub total 6 

89Sr 8 
9 0Sr 5 

sub total 13 

T7] ^Zr 30 
Nb Jt 

sub total 35 

5. ^ C a 0 , 0 0 5 
U 1 Ag 0 J 9 

sub total 0,2 

6. 125Sn 0,005 
127mTe 0,0008 
129mTe 0,00fr 

sub total 0,01 

7. , 3 , l * 

sub total jt6 

100 % 

Table 3.5 Contribution of the different radionuclides to the radiation dose to man 
after consumption of contaminated milk after a nuclear accident. 
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2 Long-term pathway 

Due to radioactive decay the total activity has decreased with more 

than 85$ in the period of about 150 days after release from the reactor 

core. This decrease is very pronounced for the actinides (group *».2) of 

which short-lived nuclides like 239Np and 2 3 7U (T* resp 2.35 d and 6.75 d) 

readily decay. Also the rapid decay of I causes a marked decrease of 

the contribution of group 7. 

The calculations of the maximum permissible deposition on soil 

(MPDS see table 3-6) have confirmed that °l, ° Sr and °9Tc are the 

most hazardous of the selected radionuclides for the soil-root pathways. 

According to the assumptions made for the model calculations the 

contribution to the daily intake via cereal products is highest for 
qq log QQ 
Tc and I (table 3-7). However, for Sr the main contribution to the 

90 
daily intake is due to the consumption of vegetables, because Sr is 

predominantly accumulated in the leaves of plants. For the choosen diet 

the contribution to the daily intake via beef and milk is for most of 

the radionuclides less important compared to the other components of the 
95 55 

diet. Zr and Nb are exceptions from this general rule, because of 

their high transfer-factors (/mi) to milk, according to Ng et al.a 0977)-

The contribution to the daily intake with beef is relatively high for 
1 3'* 1 37 

Cs and Cs, which amounts to 12-5%-

The contributions of the different radionuclides to the total 

radiological risk are presented in table 3.8. The results clearly indicate 

that the akali earth metals (group 3) constitute the largest potential hazard. 
90 

About 90-951 of this risk is due to Sr, because of the high ra^diotoxicity 

and the great abundance of this radionuclide in the reactors. 

The contribution of the other groups is substantially less as compared 

to the risk of group 3» ranging from 0.01 to 3-6%. Also for the soil-root 

pathways the potential hazard of the actinides is limited, especially if 

the maximum credible release fraction i s taken in account (viz. O.OOO'*; 

Wash-HOO. App. V). 
90 

Sr is one of the most important fal 1 -out products from atmospheric bomb test'. 

and the concentrations in the evir^^ent have been measured since the 

start of these nuclear test explosions. It is interesting to compare the 

quantities found in agricultural soils and the calculated MPDS-values. 

According to data of Frissel et al,3 (1977) the deposition level of 

' Sr in soils of the European Community was in 1975 about ^xl0 Ci/km . 
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It is calculated here that the maximum permissible soil deposition level 
90 2 

for Sr is 2.9 Ci/km , for the used dose limits. 

Because of the fact, that a great deal of the parameters used in 

the model are based on limited experimental data found in literature and 

in many cases only on estimated values, the absolute meaning of the 

calculated results should not be overrated. Nevertheless, it is obvious 

that the results will be a good guide for preparing decontamination 

schemes, because the calculated maximum permissible depositive on soil 

levels provide useful information about the degree of necessary decontami 

nation measures. 
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Table 3.6 Calculation of maximum permissible deposition on the soil-

MPDI = maximum permissible daily intake according to fCRP-2 and 

6 and to the used dose limits 

Kd = absorption coefficient of the radionuclide on the soil 

k = fraction of the radionuclide adsorbed by the plants which 

reaches the above ground plant parts 

fcer;f pot = concentration of the radionuclide in the edible parts 

divided by the average concentration in the above ground 

plant parts, for cereals and potatoes 

fmi;fbe = transfer factor of radionuclides from grass to milk and 

beef 

MPDS = maximum permissible deposition on soil 

estimated value; other values are average values taken from literature 

( a literature review is available from the authors). 



Table 3>6. Calculation of maximum permissible deposition on the soil. 

Table 3-6 

Group 2 

13 i»Cs 

1 3 C 1 3 ^ B a 
Group 3 

» S r 
90Sr-9°Y 

— - — — — 
MPDI 
yCi .d 

K d -1 
l .kg 

k fcer fpot f ml 
d .kg" 1 

fbe 
d . k g " ' 

MPDS _2 

uCi ,m 
Table 3-6 

Group 2 

13 i»Cs 

1 3 C 1 3 ^ B a 
Group 3 

» S r 
90Sr-9°Y 

0,198 

0.W» 

0.22 

0.0088 

250 

250 

20 

20 

0.6 

0 .6 

0 .8 

0.8 

0.3 

0.3 

0.1 

0.1 

0.3 

0..3 

0.1 

0.1 

7 .10x10" 3 

7 .10x10" 3 

I .^OxlO"3 

1.*»0x10"3 

3 .0x10" 2 

3 . 0 x 1 0 * 2 

2 . 0 X 1 0 ' 3 

2 . 0 X 1 0 " 3 

l*.5x102 

I .Ox lO 3 

7.3X101 

2,9 

Group M l ) 

91 Y 

9 5 Z r 
9 5Nb 

l M C e 
U C l M Pr 
^ P m 
1 5 5 Eu 

0.66 

1.32 

2.2 

1.98 

0.22 

kA 

2000 

2000 

2000 

2000 

2000 

1000 

1000 

0 .08 

0 . 0 * 

0.1 

0 .08 

0.08 

0 . 1 * 

0 . 1 * 

0.2 

0.1 

0.1 

0.2 

0.2 

0.1 

0 .1 

0 . 2 * 

0 . 2 * 

0 . 2 * 

0 . 2 * 

0 . 2 * 

0 . 1 * 

0 . 1 * 

2 . 0 x 1 0 - 5 

8 .0x10" 2 

2 .0x10" 2 

2 . 0 x 1 0 - 5 

2 . 0 x 1 0 " 5 

2 .0x10" 5 

2.0x10~ 5 

6 . 0 x 1 0 " 3 

S.OxlO"'* 

S-OxlO"** 

I .Ox lO" 3 

I .Ox lO" 3 

5 .0x10" 3 

5 . 0 x 1 0 - 3 

1.5x105 

1.9x105 

3.0x10 5 

^4.7x105 

5.3X101* 

6 .0x10 5 

6 ,0x10 5 

Group i* (2) 

2 3 3 P a 
2 3 8 P u 

2 * ' P u 
2i*2 r 

Cm 
2kkr 

2.2 

o.n 

0.M» 

0 . 1 5 * 

3000 

2000 

2000 

600 

600 

0 . 1 * 

0.5 

0.5 

0 . 5 * 

0 . 5 * 

0 . 1 * 

0.1 

0.1 
* 

0.2 
* 

0.2 

0 . 1 * 

0 . 1 * 

0 . 1 * 

0 . 2 * 
* 

0 .2 

5 .0x10" 6 

I . O x l O - 7 

I . O x l o " 7 

2 .0x10" 5 

2 .0x10" 5 

5 . 0 x 1 0 - 3 

5 . 0 x 1 0 - 3 

5 .0x10" 3 

5 .0x10" 3 

5 .0x10" 3 

1 

8 .9x10 5 

4 . 0 x 1 0 3 

2.*»x105 

M x l O 3 

1.7x10 3 



Table 3.6 
cont. 

Group 5 

55Fe 
58Co 
99Tc 
103Ru-103mRh 
, 0 6Ru-1 0 6Rh 

MPDI , 
uCi.d"' 

Kd k fcer f pot fmï fbe MPDS „ 
uCi .m 

Table 3.6 
cont. 

Group 5 

55Fe 
58Co 
99Tc 
103Ru-103mRh 
, 0 6Ru-1 0 6Rh 

2.2 

17-6 

2.2 

6.6 

1.76 

0.22 

100 

150 

75 

0.1 

10 

10 

0.6* 

0.6* 

0.6* 

0.9 

0.01 

0.01 

0.6 

0.7 

0.7* 

0.7* 

0.2 

0.2 

O.k* 

0.6* 

0.6* 

0.6* 

0.2* 

0.2* 

8.i»x10-5 

5.9x10 - 5 

9.9x10 - 3 

9.9x10"3 

6.1x10"7 

6.1x10"7 

5.0x10 - 3 

1.0x10"3 

I .OxlO - 3 

9.0x10 

1.0x10"3 

I .OxlO - 3 

1.6x103 

l ^ x i o ' * 

I .OxlO 3 

6.6 
k 

1.7x10 

2 .1x10 3 

Group 6 

123Sn 
125Sb 
1 2 5 V 

1 2 7 V - 1 2 7 T e 
1 2 9 ^ . 1 2 9 ^ 

no data 

2.2 

k.k 

1.32 

0.66 

15 

20 

20 

20 

0.8* 

0.8* 

0.8* 

0.8* 

0.5* 

0.5* 

0.5* 

0.5* 

0.5* 

0.5* 

0.5* 

0.5* 

2 .0x10 - 5 

2.0x10_l* 

2-OxlO"1* 

2.0x10"'* 

9.0X10"1* 

5.0x10"3 

S.OxlO"3 

5.0x10"3 

2.0x10 2 

5.3x10 2 

1.6x102 

8.0X101 

Group 7 

129, 0.0088 0.1 0.9* 0.5* 0.5* 9.9x10 - 3 2.0x10~2 I .Ox lO" 2 



Table 3'7- Relative contributions of the consumption of cereals, potatoes, vegetable 
beef and nilk to the radiation dose caused by the selected radionuclides. 

Group 2 

, J * C . 
1 3 7 C S - , 3 7 B a 

Cereals Potatoes Vegetables Beef Milk 

Group 2 

, J * C . 
1 3 7 C S - , 3 7 B a 

<* 

40. 2 

UO-2 

% 

15.0 

15.0 

% 

20.0 

20.0 

% 

12.5 

12.5 

% 

12.7 

12.7 

Group 3 

9°sr.
9°y 

32.3 

32.3 

12.2 

12.2 

47.2 

47.2 

2.2 

2.2 

6.1 

6.1 

Group M O 

« Z r 

95N„ 

" " c e 

' 5 5 Eu 

**5.5 

7.2 

17.0 

^7.3 

47.3 

33-3 

33.3 

16.9 

5.3 

12.6 

17.6 

17.6 

12,6 

12.6 

33.2 

10.5 

24.8 

34.5 

34.5 

48.6 

48.6 

4.3 

0.1 

0.2 

0,6 

0.6 

5.4 

5.4 

0.1 

76.9 

45.4 

0.06 

0.06 

0.1 

0.1 

Group 4(2) 

•*•* Pa 
2'8 

241 . Pu 

33-3 

33.3 

33.3 

45.8 

45.8 

12.6 

12.6 

12.6 

17.0 

17.0 

48.6 

48.6 

48.6 

33.4 

3 3 ^ 

5.4 

5.4 

5.4 

3-7 

3.7 

0.02 

<0.01 

<0.01 

0.06 

0.06 



Table 3-7 
cont. 

Cereals Potatoes Vegetables Beef Mi Ik 

Group 5 

5PCo 
99 

1 0 C 1 0 3 m Rh 

% 

65.9 

65.3 

63.7 

58.1 

47.3 

% 

16.3 

20.8 

20.3 

18.5 

17.6 

16.0 

13.6 

13.3 

12.1 

34.5 

% 

1.8 

0.3 

0.2 

0.2 

0.6 

% 

0.1 

0.08 

2.5 

<0.01 

<0.01 

Group 6 

12*Sn 
125Sb 
125̂ 3 

129?e.129Te 

59.9 

58.9 

58.9 

58.9 

22.3 

22.0 

22.0 

22.0 

17.5 

17.2 

17.2 

17.2 

0.3 

1.9 

1.9 

1.9 

0.03 

0.03 

0.03 

0.03 

Group 7 

129, 48.7 18.2 14.2 6.1 12.9 
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Group Radionuclides which 
contribute for more 
than 1 t to the dose 
caused by a whole 
group 

Contribution (%) to the total 
radiation dose to man caused 
by the consumption of a contaminated 
mean "EC-diet" 150 days after a 
nuclear accident 

2. 

'»Cs- '""Ba 

sub total 

T 
*»Sr-

 9°Y 
sub total 

2 

hi 
2 

3. k 

97 

*.l 91, 

95 

9 5Nb 

Zr 

Ce- Pr 

sub total 

0,007 

0,005 

0,009 

0,05 

0.07 

4.2 238, 

21+1 

2i»2 

Ikk. 

Pu 

Pu 

Cm 

Cm 

sub total 

0,002 

0,002 

0,01 

0,005 

0,02 

5. Co 1Ï 

" T c 
103 

Ru-
103m, Rh 

106„ 106o. Ru- Rh 

sub total 

0,007 

0,008 

0,02 

0,7 

0,7 
, 2 5Sb 
125mTc 

1 2 7 C ,27TC 
1 2 9 mTe- 1 2 9Te 

sub total 

0,2 

0,02 

0,1 

0.1 

0,* 
129, 

sub total 

0,01 

0,01 

100 % 

Table .3*8 Contribution of the different radionuclides to the radiation dose to man 

after consumption of a mean "EC-diet" 150 days after a nuclear accident. 
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h. AGRICULTURAL MEASURES 

k.\ INTRODUCTION 

In the previous paragraphes maximum permissible contamination levels 

for agricultural areas have been established. In the next paragraphes it 

will be described, what kind of measures are achievable to decrease the 

contamination of food products with radionuclides, if the maximum 

permissible contamination levels of agricultural land areas are exceeded. 

These measures can be arranged according to the pathway of the radionuclides 

through the agricultural foodchain. 

11. fig. 4.1 some of the possible measures are indicated in that order. In 

the past most attention has heen paid to measures to reduce the transfer 

from soil to crop and from crop to cattle and to milk or meat. Less 

attention has been paid to the influence of processing on this transfer. 

The processing of milk, however, has been studied more in detail. The 

effect of the distribution of agricultural products on the radiation doses 

to man is mentionned in a few publications only (Maccia et dl.t 1977)-

Agricultural products are almost never all consumed in the area where 

they are grown, although this is supposed in the models described be. ore. 

Distribution of contaminated agricultural producrs over a large area will 

reduce the radiation doses to individual persons. The collective radiation 

dose to the total exposed population, however, is not influenced by this 

dilution process-

Also the effect of a nuclear accident on the distribution pathway is 

difficult to predict and will depend on many factors, like thevextent of 

the contaminated area, and the availability of agricultural products from 

elsewhere. Therefore the effects of distribution are omitted from this 

study although they are important. 

Another way to organize the measures, is a division in measures to reduce 

short term risks and measures to reduce long term risks. This division is 

applied in the following paragraphs. The measures are furthermore divided 

in genera', measures, i.e. measures applicable to all radionuclides, and 

measures applicable to one or some radionuclides only. 

In accordance with the developed models decontamination measures will 

be proposed for the grass-cow-milk-man and the soil-root-plant pathways. 
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PATHWAY METHODS TO REDUCE RADIATION DOSES 

D«nosition of 

radionuclides 

1 
uptake by 

f roots 
soil crop 

\ leaching yj, 

1 
cattle 

T 
i 

processing 

distribution 

I 

removal of contaminated crop/soil 

practices to reduce uptake of radio
nuclides by 'plant roots (e.g. deep 
plowing, immobilization of radio
nuclides with chemicals, leaching 
out of radionuclides after mobiliza
tion with chemicals 

change of agricultural practices to
wards the production of crops or cattle 
which absorb less radionuclides or for 
which the transfer to the final product 
is smaller. 

feeding cattle with non-contaminated 
food 

reduction of the transfer of radionuclides 
to edible products by application of 
chemicals etc. to the cattle 

application of product treatments which 
reduce the radionuclide contents of the 
final products 

dilution of contaminated products with 
non-contaminated will reduce the uptake 
of radionuclides by individuals 

consumption 

Fig.i*,i Schematic presentation of the agricultural pathways and 

of some methods to reduce radiation doses to man. 
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The grass-cowmilk-man pathway is regarded as representative for the 

short term risks after an accident where the direct deposition of 

radionuclides on pastures constitutes thï major entry of radioactivity 

in the human food. The soit-root-plant pathway is representative for the 

long term risks after deposition of radioactivity on agricultural fields. 

During the past twenty years or so, many experiments have been 

carried out with the aim to decrease the uptake of radionuclides into 

the food after contamination of agricultural fields. Consequently a 

broad variety of experimental data about this subject is available. 

These data are reviewed to design possible countermeasures against the 

contamination of food products after nuclear accidents. Generally, these 

experiments have been performed on small-scale experimental fields or in 

laboratory trials only. Usually, little attention is paid to the 

feasibility of the obtained results under normal farming conditions and to 

the consequences involved if large areas would be contaminated with 

radioactive substances. 

In this report it is intended to point out what will be the consequences 

if the proposed decontamiantion measures are applied in relatively large 

areas. 

It is obvious, that the application of decontamination schemes (changing of 

farming systems, deep-plowing) may lead to an enormous disorder of the 

normal agricultural practices and the aide-effects will cause rather 

comnlicated orohlpms. It is, however, within the scope of this report 

impossible to deal with all those problems in a quantitative way. For 

this reason, the result of this work should be considered as an attempt to 

indicate possible constraints for the application of decontamination schemes 

and to identify certain aspects, that need further investigations. 

A.2 SHORT TERM MFASURES 

In paragraph 2.1 it is explained, that the grass-cow-milk-man pathway 

is the critical route for radionuclides to enter the humon food after 

nuclear accidents. Therefore, main attention is paid to describe decon

tamination measures for this pathway. In fact, this mode of entry will 

be of major concern during the first half year, following the accidental 

release of radioactivity has occurred. 
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In the next evaluations the consequences and side-effects of the pro

posed decontamination schemes are considered by introducing a standard 
2 

area of 100 km . It is supposed, that dairy-farming is the principal land 

use systen in this area. In table '•.I the most important agricultural 

characteristics that are used in the further evaluations, are presented. 

These data are mainly based on situations, representative for Dutch cir

cumstances but it is expected that these data could well be applied in 

other Western-European countries, too. 

Table *».l Basic data for a standard area of 100 km , with dairy-farming 

as the principal land use system (derived from: CBS, 1975)-

surface area: 
2 

100 km = 10 000 ha of grass land 
dairy cow density: 

-1 2 
2 cow.ha = 20 000 cows per 100 km 

milk product ion: 12.5 1 c o w . ' V 1 = 250 000 l.d"1 per 100 km 

feed requirements: <v» 10 kg dry matter per day per cow 

'v 200 000 kg dry matter per day per 100 km 

H.2.1 General measures 

't.2.1.1 Use of uncontaminated feedstuff 

First of all, attention is paid to decontamination measures with a 

general validity. 

Contaminations of milk will happen if the cows are allowed to ingest 

contaminated grass or other contaminated feedstuffs. Hence, the most logic 

method to prevent contamination of milk is, to provide the cows with 

uncontaminated feed. So if the deposition of radioactive substances 

happens during the winter season, when the cows are kept inside and are 

fed with stored uncontaminated fodder, no immediate danger will exist 

with regard to contamination of milk. If the deposition of radionuclides 

occurs during the grazing season the situation is more hazardous. But 

also in this situation contamination of milk with radionuclides is pre

vented by putting the cows into the stable and providing storsd fodder, 

1 ike hay or si lage. 

However, such a measure greatly interferes with the regular planning of 

the farm activities. The possible suitability oi such a measure will 

largely depend on wf.dt moment of the grazing season the deposition of 
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the radionuclides occurs. For instance, in spring time, usually no stored 

fodder is available to the farmer. With the start of the second half of 

the grazing season, generally a great part of the hay or silage is already 

harvested. Under such conditions the possibilities for housing the dairy 

cattle for a limited period may be achievable. 

As explained in paragraph 2.1, radioactivity on the grass cover will 

gradually decrease due to the combined effect of "weathering" processes and 

radiological decay. In the model calculations this combined effect was re

presented by the "effective half-life" of the radioactivity on the grass 

cover. Based on the assumption, that the decrease of radioactivity from the 

grass cover proceeds exponentially, we can predict the time at which the 

cows can return to the pastures for situations where the initial deposition 

has exceeded the maximum permissible deposition level (MPDG). If it is 

assumed, that the initial deposition level has exceeded the HPDG-valje 

with a factor X (X > l) and the "effective decay-constant" is represented 

by Aeffgr.,then the necessary stalling period is calculated with: 

(33) t/Teffgr = l.M In X (d) 

t = period of time, during which the initial (d) 

contamination level of the grass will de

crease to the MPDG-value. 

y _ Initial contamination level of grass cover 
MÊDG 

Teffgr = In 2/Aeffgr (d) 

In figure k.2 the relation between this period and the initial contami 

nation level is presented graphically. 

Figure ^.2 The relation between t/l>ffgr and X 

2 3 *» 5 6 7 8 9 10 — X 
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The results of this calculation indicate that for radionuclides with long 

half-lifes (" Sr and Cs) for which Teffgr is about T* days, the 

stalling period should be at least about 7 weeks, if the initial deposition 

level exceeds the MPDG-value with a factor 10 (x = 10). 

However, for rather short lived radionuclides like I (Teffgr * 5 days), 

the necessary period for which the pastures should be banned for grazing, 

would be about 17 days, if X = 10. 

The validity of these calculations is highly dependent on the reliabi

lity of the half-life value on the grass (T ) caused by "weathering" 

processes. This factor will vary considerably due to different weather con

ditions (e.g. rainfall and wind-action), kind of grass cover, characteris

tics of the deposited radioactive substances (particles or dissolved in water). 

Also, some investigations have demonstrated, that the decrease of radioactivity 

by "weathering" processes does not exactly follow the simple exponential re

lationship as indicated with equation 6 (Krieger and Burmann, 1969; Whiterspoon 

and Taylor, 1970). 

These authors distinguish at least two components, a major component that is 

quickly removed and one or more components with larcv*r half-time values on the 

vegetation. These results suggest, that the calculated time during which the 

pastures should be banned for dairy cows with equation 33, should be longer. 

On the other hand, the contamination level of the grass will decrease as a 

consequence of growth of grass, leading to a dilution of the concentration of 

radionuclides in the grass cover. 

Based upon these considerations it is concluded, that the application of 

equation 3^ will provide a rough, but nevertheless useful, estimate of the 

necessary stalling period of dairy cattle to prevent contamination of milk in 

relation with the amount of radioactivity deposited on the pastures. 

Consequences. 

Putting the dairy cows into the stable within the grazing season 

and especially the supply of stored fodder does largely interfere with the 

regular planning of the farm activities. The possible suitability of such a 

measure will depend on the moment of the grazing season the deposition of the 

radioactivity happens. 

In spring time, with v.he start of the grazing season, usually no stored 

fodder is available on a dairy-farm and the prospects for the feasibility of 

such a measure seem to be limited, unless sufficient amounts of feed could be 
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provided to the contaminated farms. The data of table ^.1 indicate, that for 

a standard area of 100 km , 200 ton of feed (on a dry weight base) are needed 

to fulfill the daily feed requirements of the involved number of dairy cows. 

It is obvious, that the supply and distribution of such an amount of feed could 

only be achieved after an intensive and thorough preparation. Therefore, the 

possibility of putting the dairy cows into the stable at the first part of the 

grazing season is only feasible, if detailed action plans and a proper or

ganization for the distribution of uncontaminated feed are available at the 

moment the accidental release of radioactivity happens. 

Later on in the grazing season, when a part of the winter forage (hay 

and silage) has already been harvested, the possibilities for housing the dairy 

cows for a certain period may be achievable. Under these circumstances, the 

dairy cows should be supplied with hay, sïlage or other feed-stuffs, that were 

planned to be used during the winter season. 

The pastures, originally meant to be grazed by the cows should be used for 

making hay or silage. In a situation, where short-lived radionuclides (e.g. 

I; Tr = 8.05 d) constitute the risk for contamination of milk, the start of 

making hay or silage does not need any delay after deposition, because in a 

period of two months, radioactivity will have decreased with a factor of more 

than 100. 
90 137 

However, if long lived radionuclides (e.g. Sr, 'Cs) are critical, 

hay or silage making activities should preferentially be delayed until the 

contamination level has reached the MPDG'values, because in harvested hay or 

silage, the radioactivity will decrease by radiological decay only. 

In this case, the hay or silage would be unsuitable as feed for dairy cows 

during several years, depending, of course, on the contamination level of 

the harvested grass. 

It must be noted, that hay, silage or other feed-stuffs containing too 

much radioactivity to be used for milk producing dairy cows, this fodder may well 

be used for young cattle or fattening cattle, because the transfer of radio

nuclides to beef allows generally higher acceptable intake levels to the cows. 

Maximum acceptable iniake levels for these kinds of animals have not been cal

culated in this studv. 

based upon these considerations, it is concluded here that if the grass 

of pasture contains too much radioactivity for dairy cattle and the start of 

making hay or silage allows no further delay, the hay or silage must strictly 

be separated and should only be used for not lactating cattle. 

Further, it is worthwhile to use frequently the hay tedder, during the hay 

making process, because Cline et al (1965) have reported, that about 12$ of 
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J retained in the grass, is removed by vigorously shaking the grass with 

the hands. It may be expected, that also the treatment of the gra§s with 

the hay tedder may lead to a decrease of radioactivity retained in the grass, 

and not only for I but also for other radionuclides. 

4.2.1.2 Methods of feeding 

Van den Hoek et al (1969) have carried out experiments with three me

thods of pasture feeding to dairy cows. These methods included: (1) rotational 

grazing, (2) green soi 1 ing and feeding in the stable and (3) free grazing. 

Before starting to feed the grass to the dairy cows, the pastures were sprayei 

with solutions containing Sr and Cs. It was concluded that no significant 

differences could be detected in the concentrations of these radionuclides in 

the milk produced during these feeding experiments. This means, that the in

troduction of a special method of feeding does not have a beneficial effect 

on lowering the concentrations of radionuclides in milk. 

4.2.1.3 Sprinkler irrigation 

Several authors report, that the weather conditions largely influence the 

rate of removal of radioactivity from the grass cover, and especially rainfall 

will enhance the decrease of radioactivity retained in the vegetation. Pre

sently, a still growing number of farmers use sprinkler irrigation systems 

to overcome dry periods during the grazing season. Krieger and Burmann (1969) 

reported, that if contaminated fields were protected against rain,the "weathe

ring" half-time for a fast eliminated component varied between 10-15 days. 

However, if the experimental fields were exposed to rainfall, this half-time 

decreased to 3_4 days. 

Milbourn and Taylor (1965) have also indicated, that there is correlation 

between rainfall and the removal of radioactivity from the vegetation. The 

effect depends on intensity and distribution of the rainfall but also the 

humidity conditions between the periods of rain may influence the depletion of 
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radionuclides on the grass. It seems likely, that moist conditions can 

accelerate foliar absorption of soluble radioactive substances. 

Based on these findings, it seems useful to apply sprinkler irrigation 

on contaminated pastures to simulate rainfall. Probably the best results could 

be obtained by simulating a moderate rainfall in a single treatment. However, 

not all dairy farms are equipped with sprinkler irrigation systems and con

sequently the application of this method is only feasible for individual dairy 

farms, where it may be an appropriate practice to enhance the decontamination 

of pastures. 
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4.2.2 Measures for Iodine 

The results of the calculations in paragraph 3-3-1 have shown, 

that radionuclides of group 7 constitute the largest potential hazard 

for the pathway grass-cow-milk-man. Within group 7 the risk is almost comple

tely due to I. Because iodine is easily volatil1ized, a large fraction 

of the iodine isotopes in the reactor core may be released into the 

environment in case of nuclear accidents. 

Since the introduction of nuclear reactors for generating electric 

power, a few accidents with such reactors are reported (Howells, 1969). 

Probably the most serious accident happened in 1957, as a fire broke out 

in an air-cooled, graphite moderated, natural uranium fueled reactor at 

Windscale (U.K.). It was estimated that during this accident about 20 000 
131 

Ci of I was released out of the reactor containment, together with much 
137 89 90 

smaller quantities of Cs , Sr and Sr (Dunst«»r et at., 1958). The 

deposition of I on pastures caused a serious contamination of milk and 

three days after the accident, the milk produced in a zone covering an 
2 

area of 520 km , was banned for human consumption. This banned milk was 

discharged into the Irish Sea, because no decontamination measures were 

applied. 

4.2.2.1 Production and storage of milk powder 

The radiological half-life of I is 8.05 d and consequently the decay 

of I is fast enough to pertr.it the production of milk products, that can be 

stored until the activity of I has decreased to safe limits. In The Nether

lands, an investigation was carried out to evaluate the possibilities of the 

processing of milk contaminated with I to milk powder (Kerkhof Mogot et al.» 

1976). The results of this work have shown, that the amount of I in the 

raw milk is completely recovered in the produced milk powder and the specific 

activity of the powder is about 8 times higher than the specific activity 

of the mi Ik. 

Based upon the result of this investigation, it is concluded that the 

production of powdered milk is a feasible method to counteract the problems 
131 associated with the contamination of milk with I. The necessary storage 

time of the milk powder depends on the specific activity of this powder and 

is calculated with: 

http://pertr.it
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(3*1 t - f in f (d) 
r s 

= storage time of milk powder, causing a decrease 

in specific activity from A to A 
o s 

= radiological decay constant of '31| 

= specific activity of the milk powder 

= acceptable specific activity of the milk powder 

to permit a safe human consumption. 

Consequence^ 

In table 4.1 it is Indicated, that the milk uroduction in a standard 
2 -1 

area of 100 km is 250 000 kg.d . Under the direction of the Dutch Ministry 

of Agriculture a calculation was made about the feasibility and consequences 

of powdering daily 250 000 kg of milk contaminated with ^ I (Van Werven, 1977) 

The main results of this work are described here. 

The calculations were made for a powdering-faciIity with a capacity of 

20 000 kg of milk per hour. Attention was paid to the following aspects: 

(1) contamination of the atmosphere surrounding the powdering facility due 

to the loss of milk powder containing I with the drying air 

(2) contamination-level of processing-water 

(3) personnel radiation hazard due to the inhalation of air contaminated with 
1 31 

I and the external radiation hazard of the total body. 

For the evaluation of the above mentioned aspects, the following data and 

assumptions were applied for the powdering facility . 

- loss of powder in drying air 

- maximum permissible concentration of 

- discharge of drying air 

- amount of waste water 

- average wind velocity 

- meteorological dispersion factor 

131 I in ai r 

0-5% 

3.10 Ct,m 

18 m^s" 1 

50 m3 

3 m.s 

3-10"2 

1 
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The main conclusion of this investigation is, that the personnel radiation 

hazard causes the most serious problems. 

It is calculated, that for milk with a contamination 'ivel of 1 uCi.kg 

I: (1) Contamination of the atmosphere surrounding the powdering facility 

is a factor k smaller than the MPCa for members of the population. (2) The 

contamination level of the cleaning-water of the powdering facility will ex

ceed the required limits (according to the Outch legislation: 0.3 nCi.l ), 

however this problem will be eliminated by recycling of this water in the con

taminated milk, which has to be treated. (3) Contamination of the air in the 

immediate vicinity of the powder bagging equipment will exceed the MPCa for 

a **Q hour working week and therefore the personnel involved must be equipped 

with protective material against the inhalation of air contaminated with I. 

The external radiation rate for the personnel charged with the transport and 

storage of the milk powder is calculated at 1.5 mrad.h or 60 mrad/week. 

Hence, this personnel will be exposed to the recommended dose limit of 

500 mrad.a for members of the population (ICRP26 ) in a period of about 8 

weeks. 

The results of the above mentioned investigations indicate that powdering 

of milk is a suitable measure, if the contamination level exceeds the Maximum 

Acceptable Concentration of I in milk. 

In The Netherlands, up to date, two nuclear reactors are operating com

mercially. For both these reactors, detailed action plans are prepared for 

the processing of milk contaminated with I. The action plans are designed 

under the direction of the Dutch Ministry of Agriculture and Fisheries. In 

this report, the main points of these action plans are outlined: 

- arrangements concerning the alarming of authorities, dairy factories, 

dairy farmers, etc. 

- collecting of milk samples and measuring the I activity in the milk 

- establishment of the contaminated area 

- collecting and transporting of the contaminated milk to a special and 

already selected powdering facility. 

The dairy farmers will be paid the normal prices for the contaminated milk 

and this is an important aspect, because otherwise this milk might be sold 
131 

illegaly, making a proper control of the I concentration in human consump
tion milk more difficult. 
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A further description of this action plan is not appropriate here, be

cause it is felt that such plans must be adapted to local conditions, with 

regard to methods of dairy farming, organization and equipment of the dairy 

factories, organization of regional and national governmental institutions etc. 

ti.2.2.2 Production of sterilized milk, butter and cheese 

Based on the same basic principle - i.e. the production of storable milk 

products, permitting the '" I to decay away - also the production of other 

storable milk products may be considered. Such products include sterilized 

milk, butter and cheese. 

According to available data, no investigations have been carried out 

about the possibilities to sterilize milk contaminated with I and there

fore no fundamental statements can be made. However, it is likely that storage Of 

sterilized milk to permit a decrease in the I concentration in milk to safe li

mits is a feasible method. In comparison with powdering of milk, sterilization 

might have some advantages, because the personnel radiation hazard and the 

contamination of the atmosphere and waste water may cause less problems. On 

the other hand, sterilized milk needs much more storage capacity. Nevertheless, 

sterilization of contaminated milk could be a useful alternative, if a powdering-

-facility is not available or the capacity of a powdering-faci1ity is insuffi

cient to process all the contaminated milk. 

By processinq of butter and cheese only a part of the I 

is recovered in these products and the remainder is found in 

the by-products like skimmed milk, buttermilk and whey (Lagoni et al, 1963). 

By this procedure the problems are shifted to the by-products. 
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•i.2.2-3 Administration of chemical preparations to reduce the transfer of I from 

cows to milk. 

Nany chemical compounds are able to change the iodine metabolism of 

ions. Such preparations may decrease the fraction of I that is secreted 

in the milk and such preparations are potential countermeasures to contamination 

of milk. A broad literature review of this method is presented in N I W 5007 and 

5102. 

Lengemann and Comar (published in Comar, 1963) administered three 

different chemicals in daily amounts of 10 g to cows. The chemicals used in 

their experiment were: Nal, NaSCN and KC10.. Sixteen days before the start 
131 

of the treatment with these chemicals, ten cows were given I every day for 

about 30 days. All these chemicals reduced the amount of I that was secre

ted into the milk with about a factor 2 to 3- In more detailed studies with 

goats it was found that such preparations lower the ability of the mammary gland 

to concentrate I in the milk. On the other hand it was found that these 

chemicals raise the I level in the blood of the animal, however, the net-

-result is sti II, that the contamination level of the milk is reduced. 

In a later experiment Lengemann (1965) has shown that also sodiumchloride 

is able to decrease the secretion of I in milk. Bart et al (1965) found 

out that NaCl administration to calves accelerated the elimination of I 

from the body of these calves. 

These results demonstrate, that the administration of chemical prepara

tion to cows that are fed with foodstuffs containing I, will reduce the 

contamination level of the milk. 

Consequences 

According to table 4.1 the dairy cow density in the standard area was 

set up to 2 cows/ha and the total number of animals per 100 km is 20 000. 

It is obvious that the administration of a preparation to every individual 

dairy cow is a time consuming duty and therefore a hardly feasible practice. 

A more convenient way to administer the cows with a suitable preparation is 

to provide it to the cows mixed up with supplementary feed or dissolved in the 

drinking water. 
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For both these practices a proper dosing of the preparation may cause 

some problems, especially if it is dissolved in the drinking water. This is due 

to the tact, that the Mioisture content of the grass and the drinking of water 

from uncontrollable sources largely influences the drinking rate from control

lable sources. 

Another practice is the spreading of the preparations over the pastures 

just before grazing. In this way the preparation is ingested together with 

the grass. Lengemann and Comar used in their experiments a dose rate for the 

preparations of 10 g.d per cow. 

The amount of a chemical preparation that should be spread over the pasture 

is calculated with 

( 35 ) Q = JJ^ kg-ha"1 

Q = amount of preparation needed per hectare of pasture (kg.ha ) 

d = dose-rate of preparation required per cow (kg.d ) 

A = surface area, daily grazed by the cow (ha.d ) 

fr = fraction, indicating the amount of the preparation ( - ) 

retained in the grass (see also par. 2.1). 

If it is assumed, that d = 10~2 kg.d"1 (10 g.d"1); A = 1.5 x 10~2 ha.d"1 

2 - 1 -1 

(150 m .d ) and fr = 0.5, then Q = 1.3 kg.ha . However, the retention fac

tor for chemical preparations is likely to be lower than 0.5 (0.5 was taken 

for radioactive substances escaped from nuclear reactors which are 

supposed to be volatile or very finely divided particles). Also the loss 

of the preparation from the vegetation due to "weathering" is not taken into 

account. So the necessary c-mount may be higher by a factor 5to 10, resulting in: 

Q = 13 kg.ha The total amount of a chemical preparation to treat all the 
2 c 

pastures in the standard area of 100 km is: 1.3 x 10 kg (under the assump

tions made here). 

To obtain the best results it seems appropriate, to spread the prepara

tion over the pastures shortly before they will be grazed and for getting a 

sufficiently high retention in the grass, the preparation should be in a 

finely divided form. 
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In experiments various chemical compounds were administered to the cows. 

From a practical point of view sodium chloride looks the most suitable com

pound, because of its availability and as it is rather inexpensive. As a 

rratter of fact sodium chloride is sometimes provided to the cows to raise 

the uptake of trace elements, included in this mineral. Therefore it is 

assumed, that harmful side-effects for the dairy-cows and the quality of the 

produced milk for human consumption, may be small. 

According to Barth et al (1965), the decrease of I secretion in milk 

by NaCl is effected by the chloride ions. Hence, it is supposed, that potas

sium chloride (KCl) could have the same effect as NaCl. Potassium chloride 

is a chemical compound, that is frequently used in normal agricultural prac

tices as a fertilizer to raise the potassium levels in the soils. For this 

reascn, the application of KCl in stead of NaCl could have advantages, viz. 

(l) KCl has a beneficial effect on the soil fertility, (2) KCl is sometimes 

directly available on the dairy farm, when it Is stored on the farm as a fer

tilizer, or it is usually available by fertilizer dealers. 

The results of a large-scale administration of chemical compounds to 
131 dairy cows after deposition of I on the pastures is largely dependent on 

the good will of the dairy-farmers, their expertise concerning these problems 

and a proper guidance by the authorities. Also a proper control about the 

execution of such practices is rather difficult. So, it is expected, that 

the contamination level of the milk may at best be lowered with a factor 2. 

Therefore it is concluded here, that the administration of chemical prepara

tions must be considered as a measure, which would be most successful under 

conditions, where the deposition level exceeds only slightly the maximum 

permissible depositor, (MPDG) for 3 I . 
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3 Measures for cesium 

Cs and Cs are the most hazardous radionuclides of group 2 

(alkali metals) (see chapter 3)• 

Cesium is an element with a similar behaviour as patassium in biological 

systems and it is rapidly absorbed from the gastrc-intestinal tract of cows. 

Cesium is especially incorporated in the muscular tissue and also the secre

tion of cesium into milk occurs quite readily. 

It was calculated, that the maximum release fraction of cesium following 

the maximum credible accident is about 50% and the production of these fission 

products in nuclear reactors is hiqh. Also the radiclogical risk, calculated 

for Cs and Cs (par. 3.3-l)is rather high for the grass-cow-

mi Ik-man. 

The radiological half-lifts for Cs and Cs are respectively 2.06 a 

and 30.1 a. For this reason the production of storable whole-milk products 

is not a feasible method, because the radioactive d jf these radionuclides 

proceeds too <= lowly. 

Investigations concerning the prevention of contamination of milk with 

Ct and Cs were mostly directed to decrease the transfer of these radio

nuclides by the dairy cows in the milk. Main results of these investigations 

are reviewed here. A broad literature review, concerning other animals and 

man also, is presented in NIW 5007 and 5102. 

1 Administration of preparations to dairy-cows to decrease the transfer 

of cesium to milk 

For most of these experiments, various kinas of clay T'neru!
r. ^re used 

to reduce the absorption of cesium from the gastro-intestina1 tract into the 

blood. Clay minerals have a negative charge, which is balanced by the adsorp

tion of positively charged cations. These adsorbed cations are freely ex

changeable and therefore it is i.uqgtsted that clay minerals are able to bind 

Cs -ions in the gut and prevent the absorption and subsequent secretion in milk. 

The results of the investigations have clearly indicated, that the per

centage of Cs absorbed in the blood, is considerably lower if binding agents for 

cesium are added to the daily feed ration. Especially the excretion of cesium 
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with the feces is markedly increased. According to V.d. Hoek (1976), the 

norma) Cs-absorption for sheep is 6U-75%» and in sheep fed with bentonite 

(clay mineral of the montmor11lonite-type) mixed with the concentrate, less 

than 5% was absorbed. Similar results are also found by Hansard (1961»). 

Hazzard (1969) measured the concentration of Cs in the milk of goats 

that were given Cs and half of the group was fed verxite (clay mineral of 

the vermiculite type) incorporated in the concentrate ration. The addition 
13*1 

of verxile caused a considerable decrease in the percentage of the Cs 

secreted in the goat's milk, viz. from 3-7% to 0.5%-

In another experiment by V.d. Hoek (V.d. Hoek, personnel communication, 
13*» 

1978) k lactating cows were fed with hay contaminated with Cs and 4.5-6.5 kg 

of concentrate in the form of pellets. In the pellets of two of these cows 

10% of bentonite was incorporated. It was concluded that the addition of ben-

tonite to the feed effectively decreased the absorption of Cs in the gastro

intestinal tract from about b0% to less than 5%-

Except the application of clay minerals, also other substances were used 

to decrease the absorption of cesium into the body of animals. Especially 

ferrocyanides (Prusian blue) were investigated by several workers. These sub

stances bind Cs -ions and an insoluble complex is formed, that is secreted 

together with the feces (e.g. Hanout et al, 1972; Havlicek, 1968; Stara et 

a!» 1971). Ferrocyanides have been successfully used to decrease the Cs-absorp-

tion in the blood of animals. 

Conseqi "ices 

!r-, „lie < '-portoJ -xp "Pfnts no significant s ide-ef f ecis coi,:ernina the 

health cond1:io.i. ana production levels of the involved animals could be de

tected. This is probably due to the fact, 'hat the experiments were extended 

during a limited period. It is expected, however, that a chronical use of 

such preparations will have advene effects on the animals because none of the 

preparations used, are very selective for Cs. Therefore, the metabolism of 

other (trace) elements will be influenced. Clay minerals of the vermicu!ite-

group (like illites) have generally a preference to bind K -, NH,- and also 

Cs -ions. These cations are able to replace other hydrated cations in the in-



-69-

terlayers of this clay mineral to form a "collapsed" <_ stal structure of the 

vermiculite out of which these cations are difficult to exchange (Jackson, 

in Bear, 1 % 5 ) . 

For this reason it might be expected that vermicuJite clay minerals will 

more drastically change the K-metabolism than montmori1lonite clay minerals 

(e.g. bentonite). 

The daily doses of radiocesium binding minerals in the reported experiments 

were about 50 g.d for sheep and goats and 500 g.d for lactating cows. So, 

it is assumed here, that 500 g.d of a Cs-binding mineral should be administe

red to the cows. 
2 

Hence, for the standard area of 100 km with 

20 000 x 0.5 kg.d = 10 000 kg.d of a cesium binding mineral must be avail

able-

In most ot the experiments the Cs-binding minerals were incorporated in 

the concentrate feed in a ratio of about 10 : f. If the Cs-binding minerals 

should be applied in this form to dairy cows, then 100 000 kg.d of concentrate, 

containing 10% of a suitable mineral must be available. 

Also for Cs-binding minerals, spreading over the pastures just before 

grazing might be possible. With equation 35 the amount that should be spread 

over the grass to administer a dose of 0.5 kg.d per cow is calculated at: 

660 kg.ha As already explained, this amount may well be higher by a factor 

5-10 (depending on the retention-factor and compensating for "weathering"-effects) 

resulting in a total amount of 3.3 x 10 to 6.6 x -10 ton to treat the standard 
2 

area of 100 km . 

Based upon these calculations, it is concluded here that a large scale 

administration of cesium-binding clay minerals, to decrease the transfer of 

cesium in milk, is a rather complicated procedure. This is mainly due to the 

high dose-rates that should be supplied. Furthermore a relation should still 

be established between the accidental contamination and the dose rate and time 

after contamination of application of binding material and the decrease of the 

cesium transfer to milk. 

About the same conclusions are valid for the ferrocyanides concerning 

the optimum dose-rate and the design of suitable methods for the administration 

of this preparation to the cows. 



4.2.3.2 The production of butter and cheese 

Lagoni et a1. (1963) investigated the distribution of radiocesium in milk 

constituants- It was found that no cesium was present in the dehydrated butter 

(butteroil), that was manufactured from the contaminated milk. In all the other 

milk constituants the specific activity of the cesium recovered was only slight

ly different from the specific activity of the whole milk. 

About similar results were reported by Lengemann (1962). This author 

pointed out that the production of milk constituants may be beneficial, because 

the valuable nutrive substances of the milk are more concentrated than in the 

whole milk. Therefore a smaller quantity of manufactured milk products have 

to be consumed as compared to the whole milk, to provide the same nutrive value 

or nutrive substances. And because the activity of radiocesium per unit of nu

trive value is lower for milk constituants, the intake of radiocesium will be 

correspondingly lower if specific milk constituants are consumed in stead of 

whole milk to meet the requirements of nutrive substances. 

In table **-2 the effect on the intake of radiocesium with Cheddar cheese 

and Cottage cheese, manufactured from contaminated milk are presented (after 

Lengemann, 1962). The intake of cesium is compared for amounts of the different 

products which have the same nutritive value based on calcium, protein or energy. 

Table J».2 Intake of radioces i'jm with milk products, produced from contaminated 

milk, compared to the intake with whole milk. 

Product 
Basis of substitution 

Product 
Calcium Protein Calories 

Who1 e milk 

Cheddar cheese 

Cottage cheese 

100 

10 

33 

100 

10 

3 

100 

12 

10 
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These results indicate, that the production of specific milk products from 

milk, with a radiocesium concentration exceeding the maximum acceptable con

centration with about a factor 3, might under certain conditions be considered. 

It should be noted, that by-products like whey and buttermilk will approximately 

have the same concentrations of radiocesium as the whole milk, making these 

products unsuitable for human consumption. 

It seems, that more research is needed to establish the possibilities 

and consequences of the processing of milk contaminated with radiocesium 

for personnel radiation hazard and the contamination of the environment of 

the processing facility by waste-water etc. This latter problem is, however, a 

small problem, if the whole environment is already contaminated. 

Another method to decontaminate milk is the use of ion exchanger materials 

or electro-dialysis. These decontamination methods are somewhat more effective 

for strontium than for cesium, therefore they are discussed in the following 

paragraph about strontium. 
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Measures for strontium 

89 90 
Wïthïn group 3 (alkaline-earth metals) Sr and Sr are the most 

hazardous radionuclides for the pathway grass-cow-milk-man. The radiological 
Oft nn 

half-lifes of the Sr e:id Sr-isotopes are resp. 50-5 d and 29 a. 

The behaviour of strontium in biological systems is very similar to that of 

calcium and both elements are readily transferred through various compartments 

of ecosystems. Strontium is preferentially accumulated in the bones of animals 

and man, and because of the long biological half-lifes of radlostrontium in 

these organs, the incorporation of these radionuclides in the human food con

stitutes a large hazard. 

Most research carried out with the aim to counteract the contamination 

ol milk was directed to lower the transfer of radiostnnt ium from the cow 

in:o the milk. The main results of these investigations will be discussed here. 

Administration of preparations to dairy cattle 

Several kinds of preparations have been tested with the a in, 10 lower 

the absorption of radiostrontium in the gastro-intestinal tact. Alginates, 

organic substances derived from algae, are among the preparations that are 

frequently used for this purpose. Most of the research has been done with rats 

as experimental animal (e.g. Skoryna et al, 1964; Paul et al , 1964; Patrick 

et al, 1967; Carr and Nolan, 1968; see also N I W 5007 and 5102). 

Thompson et al (1970 have shown that sodium-alginate is able to reduce 

the radiostrontium levels in milk of bovincs with 70-80%, when 5 to 7% of 

the feed ration was sodium-alginate. A serious problem djring the experiments 

was the fact that most of the cows refused to eat the feed if the sodium-algina

te concentration was above 5 to 1% and some cows did not eat the feed when the 

concentration of sodium-alginate was above \%. 

Other preparations that hai'e been tested or evaluated to decrease the ab

sorption of radiostrontium inclade: Na-EDTA, Dowex-50, K2HP0, and MgSO. by 

Comar et al (1966). CaHP0..2H_0 by Bruce (1963), aluminium phosphate gel by 

Carr abd Nolan (1968) and clays by Barth and Bruckner (1969). 
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At this stage, none of these preparations seem to be very promising 

for a large sctle use because 

(1) too little information is available about the effects on dairy cows, 

because most experiments have been executed with rats; 

(2) the recommended dose rates for dairy cows are impractical (Thompson et 

al (1370 for phosphate gels); 

(3) the preparations are not very effective (e.g. clays). 

For these reasons, the application of the above mentioned substances are, 

at this moment, not suitable for a large scale use after nuclear accidents. 

Probably the most suitable remedy to lower the radiostrontium secretion 

in milk is to increase the calcium levels in the dairy cow's diet. The inhi

biting effect of calcium on strontium secretion into milk is caused by the 

complementary ionic relationships between these two elements. In general, it 

was found that there exist about a constant relationship between the stron-

tium-caicium ratios of milk and of the diet. This relationship is usually 

presented as the Observed Ratio: 

Sr/Ca of milk 
O.R milk/diet = „—— T~.P— (Comar and Wassermann, 1958). 

Sr/Ca of diet 

According to Comar et al., (1961) the O.R-value is fa.rly constant for 

various values of the Sr/Ca-ratio of the diet and for dairly cows the O.R. milk/ 

diet-value has b°en found to be 0.09-0.16 with most values being around 0.1. 

This implicates that increasing Ca-levels in the diet of dairy cows leads 

to a reductio.1 in Sr secretion in milk and the validity of this implication has 

been demonstrated (e.g. Comar et a!., 1961; Comar et al., 1966). In an experiment 

it was found, that the normal intake of calcium by dairly cows was about 

80 q.d . An increase of this calcium intake to about 200-300 g.d"1 decreased 

the amount of radiostrontiurn secreted in milk with a factor 2 to 3. 

Van den Hoek and Binnerts (1967) have carried out an experiment to in

vestigate the effects of spreading about 500 kg.ha of commercially available 

CaCCL ferti1;zer over pastures artificially contaminated with radiostrontium, 

shortly before these pastures were grazed. It was found, that this treatment 

had measurable effects in a short period; wichin 10 hours the concentration of 

strontium in milk decreased with 20%, while the maximum pffect of 33^ was 

reached nfter k days. 
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These results Indicate, that the decrease of the radiostrontium concen

trations in milk after this treatment, is only moderate. However, it is a 

relative easy treatment and therefore it may be considered as a feasible 

countermeasure to lower the radiostrontiurn contamination of milk to 

a limited degree. As an additional effect it is noted, that higher calcium 

levels in the cow's diet will result in higher calcium levels in the milk. This 

will probably have a favourable effect on radiostrontturn metabolism in man, 

because the higher calcium intake induces a lower radiostrontium absorption 

in the gastro-intestinal tract of man. 

Consequences 

Perhaps the most appropriate method to administer the calcium to dairy 

cows, is thfï spreading of this substance over the pastures before grazing. 

According to Comar et at (1961) a dose rate of 200 to 300 g.d of supplemen

tary calcium is sufficient to reach the maximum effect. 

Van den Koek and Binnerts (1967) applied 500 kg CaCO. per hectare. If the 

tention factor (fr) for this material is 0.25 and the area grazed daily by 
2 

the cows (A) is 150 m , then the dose rate to a cow is: 

fr - ^ffi x A = 1875 g of CaC03 per day 

and this amount of CaCO» corresponds with 750 n of calcium per day. 

Based upon this calculation, it seems that the spreading of 500 kg.ha 

of CaCO, over the pastures is sufficient to meet te required dose rates. Hence, 
2 

for the standard area of 100 km : 
L 

10 ha x 500 kg = 5 000 tons of CaCO. must be available 

to treat the whole area. 

Clearly, the availability of such a large amount of CaCO. within a very 

limited time will be a serious constraint to enable a successful application of 

this method. Only if large quantities of CaCO. are kept in storage in the affec

ted area it seems feasible to apply this method and this is even more true, if 

it is considered, that the maximum possible effect is limited to a factor 2 

at best. 
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k.l.k.2 The production of butter and cheese 

Lagani et a\ (Ï963) have established, that the specific activity of radio-

strontium recovered in butter produced from milk contaminated with this radio

nuclide, was about a factor 3"** lower as in the whole milk. None of the radio-

strontium was found in the dehydrated butter (butteroil). In general, the 

radiostrontium follows the casein constituant of the milk, where its behaviour 

is about similar to calcium. A major part of the radiostrontium is separated 

from the casein complex by an acid precipitation procedure. 

Similar results were reported by Lengemann (1962), who found thai k$% 

of radiostrontium was transferred from whole milk in Cheddar cheese, while 

only 2.7% of radiostrontium was recovered in Cottage cheese. These differences 

are due to the manufacturing procedures; the casein in Cottage cheese is pro

duced by an acid precipitation method. 

As described already for the production of butter and cheese from milk 

contaminated with radiocesium, also the production of these milk products from 

milk with too high radiostrontium levels, may be considered under certain con-

dit ions. 

In table ^.3 the effect on the intake of radiostrontium with Cheddar 

cheese and Cottage cheese manufactured from contaminated milk are given as 

compared to the intake with whole milk (cfr. Lengemann, 1962). The intake of 

strontium is compared for amounts of the different products which have the same 

nutritive value based on calcium, protein or energy. 

Table ^.3 Intake of radiostrontium with cheese produced from contaminated 

milk, compared to the intake with whole milk (cfr. Lengemann, 1962). 

Product 
Basis of subst .ution 

Product 
calc ium protein calories 

Whole milk 

Cheddar cheese 

Cottage cheese 

100 

8U 

100 

100 

8 

100 

120 

30 
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These results clearly demonstrate, that the production of cheese accor

ding to an acid precipitation procedure (in this example: Cottage cheese) has 

a favourable effect on the radiostrontiurn intake, especially if this cheese 

is used as a protein source in the human diet. 

The specific activity of strontium is about a factor 2 lower in butter 

milk ihan in the original whole m ü k and a little bit highei in the whey 

(Lagoni et al. 1963). 

No detailed information is available about the personnel radiation 

hazard and the consequences for the environment of the milk processing 

facility with regard to the processing of milk contaminated with 

radiostrontium. It is necessary that, first of all, these problems should 

be studied, before concrete action plans for the processing of contaminated 

mi Ik can be made. 

3 Ion exchange processes to remove strontium from milk 

It has been shown to be possible to remove strontium and ces • urn from 

milk by an ion exchange process. 

Literature up to 1965 has been reviewed by Knoop and Buchheim (1965). Since 1965 

a pilot plant in England and a full-scale commercial system in the U.S. 

becanf" in operation (Glascock et a'., 1968a, b; Fooks et at.; 1967,* Marshall 

et ai.j 1968). The English pilot plant has a capacity of 2300 l.d" . The 

process involves acidification of the milk with citric acid to pH 5.25 and 

its passage through a cation exchange resin charged with Ca , K , Na and 

Mg in the same proportions as they occur in the milk. The effluent milk 

has to be neutralized. The U.S. system follows about the same procedure 

and has a capacity of 50 000 l.d . More than 90% of cesium and strontium 

can be removed from the milk when no more than 15 resin bed volumes have 

been treated for cesium and no more than 30 for strontium. Although the 

flavour of the milk was detectably changed by the treatment it was still 

acceptable. Also it is possible to prepare butter, cultured milk, and 

Cheddar cheese from the treated milk (Murthy, 1968). 

Consequences 

No detailed informative is available about the personal radiation hazards 

during the processing of the mi Ik.For a standard area of 100 km 5 full-scale 

commercial plants like the one in the U.S. would be necessary. Ten plants 

would be necessary according to the English design of a large-scale plant 

(Glascock < • ••*'., 1968a). 
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Other methods to remove strontium from milk 

Tri-calcium phosphate added to milk will remove 90% of the strontrium 

introduced in milk, but the nutritive value of the milk will be diminished 

and it will have a bad taste (Knoop & Buchheim 1965, Stoutjesdijk 1966). 

Electrodialysis can also remove 30% from both strontium and cesium. The 

taste of the treated mi Ik,however, will also not be very good (Knoop & 

Buchheim 1965; Thïele 1969). 

Measures for other groups of radionuclides 

Data about decontamination measures for radionuclides, other than iodine, 

cesium and strontium, are not available. 

This is probably due to the fact, that investigations about contamination 

of milk were mostly initiated and carried out during the periods of high 

fall-out rates in the late fifties and the early sixties. Only the presence 

of radionuclides of icdine, cesium and strontium, were considered to be 

significant in the milk produced at that time. Therefore, the investiga

tions to study the behaviour of radionuclides in the pathway grass-cow-mi 1k-

-man were primarily directed to these radionuclides. 

Hence, no specific recommendations can be made to counteract the contami

nation of milk for particular radionuclides other than iodine, cesium and 

st ront ium. 

6 Conclusion about short-term measures 

When the possible measures against the con tain inat ion of milk following 

nuclear accidents are reviewed, it is obvious that the general decontamination 

schemes (par. ^.2.1) offer the best prospects for a successful application. 

This statement is even more true, if we consider that after severe nuclear 

accidents, generally not one particular radionuclide will be released into 

the environment but a whole spectrum of various radionuclides may escape out 

of the reactor containment. So it is stressed here, that under all circum

stances stalling of dairy cows and the supply of uncontaminated feed is pre

ferred to other possible decontamination measures. 

It is likely, however, that I will be the dominating radionuclide as 

a hazard to man after nuclear accidents for the short term pathway, because 

of the volatile properties of iodine and the high contribution to tie radioloqical 

risk. The production of the milk powder from milk with a I-concentration above 

the maximum permissible concentration in milk is an adequate measure against 
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the entry of I in the human consumption milk. It should be realized, that 

such a measure is only feasible, if the concentrations of other (long-lived) 

radionuclides in the milk are below the maximum permissible concentration levels. 

Administration of preparations to dairy cows in order to decrease the transfer 

of I into milk is not considered as a very promissing method, because the 

maximum possible effects which can be attained are limited and the administra

tion of such preparations is rather difficult. 

So, if the contamination level of the pastures with (only) I is ex

ceeding the maximum permissible depostion on grass level and stalling of the 

cows is not possible, the production of milk powder is recommended. 

The prevention of contamination of milk with radiocesium and radiostrontium 

after a large-scale deposition of these radionuclides on pastures is diffi

cult. Only in situations where the contamination level of the pastures is 

slightly above the maximum permissible deDOsition-values, the addition of ore-

parations to the animal's feed may be sufficiently effective to permit a normal 

consumption of the produced milk. If milk is already contaminated with strontium 

and cesium, a ion exchange procedure may be useful, provided it has a capacity 

of at least 2500 l.d-1km"2. 

In this evaluation only the technical possibilities of the execution 

of the decontamination scheme, were considered, costs were not taken into 

account. 

In the previous paragraphes it was concluded, that an effective application 

of preparations to dairy cows in only feasible if large quantities are kept 

in storage. While the storage costs of such preparations may be considerable 

and because the probability of accidents with nuclear reactors is very low, 

it seems worthwhile to evaluate the economic aspects of action plans. 

The production of butter and cheese from milk with too high concentrations 

of cesium and strontium is probably only justified under conditions of a gene

ral food scarcity as may be the case in war s u c t i o n s . 

As already mentioned, it is likely that after an accidental release of 

radioactivity, more than one radionuclide will be teleased and consequently 

the contamination of milk will involve more radionuclides. The 

majority of the preparations, mentioned in the previous paragraphes, are 

feasible for one species of radionuclide. Only the application of clay minerals, 

which are especially effective in decreasing the radiocesium absorption, have 

also - a much smaller - effect on the absorption of radiostrontium. 

So, if various radionuclides are deposited on the pastures, for each of the 

radionuclides a specific preparation must be provided to lower the secretion 

into the milk. 
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Within the scope of this report, no attention was paid to the question: 

what to do with contaminated milk for which all of the possible decontamination 

measures are insufficient to produce milk, that can be used for human 

consumption with-out restriction. In this connection the possibilities for 

the production of animal feeds (e.g. calf milk rep1 acer) from milk unsuitable 

for human consumption might be evaluated. 

4.3 LONG-TERM MEASURES 

The decrease in the concentration of radionuclides from the rooting-zone 

of agricultural soils occurs by four mechanisms: (l) radiological de

cay, (2) downward movemct, mainly as a result or leaching with percolating 

rainwater, (3) horizontal transport by erosion and run-off processes, {k) ex

traction by plants and the removal with (part of) these plants. 

The decrease by radiological decay depends on the half-life of the parti

cular radionuclide, which may range from a few seconds to thousands of years. 

Of course, the radionuclides with long half-lifes are of major concern for the 

long term pathways. 

The rate of downward movement of radionuclides depend on several proper

ties, like: physico-chemical behaviour of the specific radionuclide in soils; 

various soil qualities; climatic conditions, especially the precipitation sur

plus. Also the action of soil organisms may lead to a downward transport of 

radionuclides, initially concentrated in the surface layers. The net results, 

however, of this action lead to a more homogeneous distribution of the radio

nuclides over the rooting-zone, rather than a complete removal out of the 

rootzing-zone. 

The removal of radionuclides out of the soil profile by erosion and 

run-off is mainly influenced by the slope of the fields, agricultural management 

practices, soil qualities, climatic conditions and properties of the radio

nuclides. In relatively flat areas, the removal of radionuclides by this mecha

nism is of minor importance. 

The extraction of radionuclides by plants and subsequent removal with 

these plants is highly dependent on the absorption rate of a specific radio

nuclide by the plants and the amount of plant material that is taken away from 

the field. Under natural conditions, the radionuclides absorbed by plants are 

recycled back into the soil and no losses will occur by this mechanism. 
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Haghiri (1969) measured in a field experiment that the fraction of Sr 

removed in period of 5 years, varied between 6$ and 131» depending on soil and 

crop management practices. In this experiment, losses due to erosion and run-

-off contributed from 25* to 501 of the total loss. However, in relatively 

flat areas the total loss .nay well be by a factor 1.5-2 lower. Because the 

mobility of strontium is high compared to many other radionuclides, it is 

obvious that the loss of other radionuclides proceeds at an even slower rate. 

In the plant-uptake model (par; 2.2.1 equation 23 )» the availability 

of radionuclides to the plant roots is assumed to be proportional to the con

centration in the soil solution. 

This concentration is calculated with the distribution coefficient (K.). In 
a 

this calculation the K.-value is considered as a static parameter. For the 

long term, however, this is probably not true because the radionuclides in 

the soil are subject to various processes, like irreversible adsorption (fix

ation) , microbial transformations, chemical precipitation or dissolution, oxi

dation and reduction etc. Usually it is supposed, that the solubility of radio

nuclides decreases with time, leading to a decrease in plant availability too. 

Some authors have confirmed this view, e.g. Arkhipov et al (1975) for Sr and 

Cs, while on the other hand also an increase in availability with time have 

been repor'ed, e.g. Romney et al (1970) and Newbould and Mercer (1962) for 

plutonium Therefore, it is supposed here, that the availability will not 

change in the course of time. 

For the above mentioned reasons, it is obvious that contamination of 

->gricul tural land with too high concentrations of radionuclides will create a 

long term hazard to man. 

Up till now, only very liftle practical experience has been gained about 

the decontamination of agricultural areas. The most seriously contaminated 

areas in the world are a result of nuclear bomb testing experiments, but these 

sites ate mostly located in desert areas or on small atolls in the Pacific, 

where agriculture is not practiced. 

Probably the most serious accident happened on January 17, 1966 as a 

U.S. Air Force aircraft with nuclear bombs aboard crashed in Southern Spain 

(Palomares) near the Mediterranean coast. Two nuclear bombs contaminated agri-
2 

cultural fields over approximately k.d km with plutonium (Dunning, 1968), and 

this area was thoroughly decontaminated. Other decontamination activities were 

limited to the sites of nuclear facilities or (high-level) waste treatment 

facilities. Consequently, most of the available data are derived from small-

scale experiments. 

One of the main subjects in this evaluation is to determine the feasibility 

and consequences of the proposed measures for a large-scale application. 
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Most of the research carried out, was concerned with radtostrontium as 

the contaminant, but at least part of the results, are also feasible for 

other radionuclides-

In the first part of this study some general decontamination measures 

are outlined; secondly measures are discussed to decrease the uptake of par

ticular radionuclides and in the last part the possibilities of changing 

farming systems with the aim to reduce the entry of radionuclides in the 

human food cycle are described. Also in this paragraph, the consequences of 

the remedial measures will be evaluated for a standard agricultural area of 

TOO km2. 

k.3.1 General measures 

The general decontamination measures are feasible for any kind of radio

nuclide. The basic principles of these measures are quite simple: (l) removal 

of the radioactive substances, which are deposited on the ground surface, 

and (2) removal of the radioactive substances from the rooting zone by such 

activities as deep-plowing. 

Several procedures have been investigated for these purposes and the 

results are evaluated in this paragraph. 

*».3.1.1 Removal of crops 

Whan a field crop is present at the time of the deposition of radio

activity, part of this radioactive material is retained in the above ground 

parts of the crops (see also par 2.l). Removal of these crops will result in 

a decrease of the fraction of the deposited radioactivity reaching the soil 

surface. The effect of such a measure is largely influenced by the retention-

factor (fr). In par 2.1 the factors effecting the initial retention are al

ready discussed for grass and it seems to be reasonable that such factors can 

also be used for other crops. However, differences in the retention-factors between 

various crops and differences depending on the stage of growth of a crop are 

considerable. 

A number of tests on the removal of radioactivity with crops and crop 

residues are summarized by Menzel and James (1971). Several crops were in

cluded in these tests,at different stages of growth and several harvesting im

plements were applied. One-fourth to one-half of the radioactive material was 
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usuaily removed with most of the crops tested. Crops providing more complete 

ground cover showed the highest fractions of radioactivity removed. From the 

harvesting techniques used in the tests, the use of a forage chopper and har

vester removed somewhat more of the radioactivity than mowing, raking and 

bal ing. 

In another experiment dry fallout was simulated by applying the radio

activity on tiny glass spheres (20-*»0 urn) on mature rye and soyabeans. These 

crops were harvested with harvester-thresher combines and about }QX of the con

tamination was removed with the straw. The grains contained less than \% of the 

contamination for rye and less than Q.)% for soyabeans (Menzel, 1962). 

The effectiveness of the removal of a layer of mulch, present on the 

fields at the moment the deposition happened, was also tested. The results 

varied according to the type of mulch and the method of contamination. With 

wheat-straw mulch evenly spread in a rate of 5 ~ 12.5 tons per ha about 90$ 

of the contamination was removed, together with the mulch. In this experiment, 

the contaminant was sprayed as a solution over the mulch. Simulation of dry 

fall-out in small particles over a mulch layer resulted in considerably lower 

decontamination when the mulch was removed (Mennel and James, 1971). 

It should be realized, that the effectiveness of the removal of radio

nuclides with standing crops and crop residues decreases rapidly with time. 

(In the model-calculations for the short-term pathway grass-cow-milk-man a 

conservative half-life value due to "weathering-processes" of the H days is 

used in the calculations.) 

Menzel and James (1971) have reported that the quantity of radioactivity re

moved with a standing crop was app'eciably lower after sprinkler irrigation or 

rainfalI. 

These results demonstrate, that only under favourable conditions the 

amount of radioactivity reaching the soil could be decreased by a factor 

1.5-2.0 with the removal of standing agricultural crops. 

On arable lands, complete ground cover provided by the crops is usually 

only present during a limited period of the year. At the start of the growing 

season, crops are in an early stage of growth and only a very small part of 

the deposited radionuclides are retained on the plants. Later on in the growing 

season, when the stage of maturity is reached, the retention of radioactive 

substances is rather low, too. The retention will usually be highest during 

the stage of full growth. 



-83-

On permanent pastures, complete ground cover is present during the entire 

year, although the retention factor will be highest during the growing season 

of the grass when the vegetative ground cover is densest. 

Mulching is not a common practice in Western-European countries and con

sequently the removal of radioactivity with mulch layers, being already present 

at the time of the deposition, may only be applied on a very limited scale. 

If it is assumed, that the deposition of radioactive substances happens 

under favourable conditions of crop growth (i.e. high retention in the crop), 

then it seems useful to carry out this decontamination measure quickly on 

a full scale (assuming that most crops will be unsuitable for human consump

tion after a heavy contamination). It does not seem likely, however, that 

the effectiveness of this decontamination method is high enough to permit 

a normal use of the land after this measure only. Therefore additional de

contamination measures should be taken, but for the execution of most decon

tamination schemes the crops must be removed anyhow from the fields. 

For this reason a fast removal of the standing crops might be considered 

as a first step to decrease the contamination of agricultural lands to accep

table 1 imi ts. 

To obtain the best results, it is necessary that the removal of the 

crops start as early as possible after the deposition of radioactivity. There

fore it is necessary that within very short time after the accidental release, 

reliable measurements about the deposition levels must be available. 

Consequences 

One of the main problems following the deposition of radioactive sub

stances, is the external radiation hazard and internal radiation caused by 

inhalation of resuspended radioactive particles. Certainly, the activities 

involved with the removal of crops from the fields, will increase the rate 

of resuspension, causing an increased inhalation hazard of radioactivity. 

For this reason, it is necessary to establish criteria concerning maximum 

acceptable deposition levels enabling the execution of this measure without 

unacceptable radiation risk for the personnel. 

The availability of suitable agricultural implements to remove the stan

ding crops may be the limiting factor for a fast execution, resulting in a 

lower effectiveness. 
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Especially in areas with arable farming as the predominant farming-system, 

this factor may be important, because the machinery normally used for mature 

crops might be unsuitable for "green",immature crops. 

It seems hardly necessary to explain that the removal of (immature) crops 

from the fields has a tremendous impact on agriculture and the economic cir

cumstances of the farmers. However, this aspect should not interfere with the 

decision to carry out such a measure, because the impact is the same, 

whether this decontamination measure is taken or not (at least under the 

assumption that in both cases the crops are unsuitable for consumption). 

Another problem associated with this decontamination measure is the dis

posal of the "harvested" crop material. Probably the most convenient proce

dure is to ensilage this crop material. Later on it may be decided if the 

silage is eventually suitable as animal feed. By appropriate measuring pro

cedures directly after the contamination, the decision whether or not to en

silage the crop could be taken at once. 

k.3.1.2 Removal of top soil 

James and Menzel (1973) have described a number of experiments to es

tablish the effectiveness c7 several kinds of scrapers and a bulldozer, ca

pable to remove the upper layer of the soil. These types of machinery are 

normally used fo road-building activities. 

The soil surface in the experiments was given different roughness by 

usual farm activities, viz. plowing, disking or preparing a seedbed. After 

contamination, some of the fields were rolled to create a uniform smoothness 

of the top layer before scraping. The influence of rainfall, simulated by 

irrigation, after contamination of the fields was also investigated. The ex

periments were conducted on two soil types» viz. Sassafrass sandy loam and 

Elkton silt loam. 

Wi'h the equipment it was attempted to scape off about 5 cm of the 

top soil. Under some conditions it was difficult to keep this constant depth, 

because the heavy machinery sank into a loose soi' layer or 'jnder moist con

ditions in the sïlty soil. Sometimes more than 15 m of the top soil was 

removed. 
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The effectiveness of this operation was quite good, producing a deconta

mination with an average of over 90% on these soils. The results were highest 

in the fields where a seedbed was prepared before contamination. Rolling of 

rough surface layer after contamination lead generally to a slightly lower 

effectiveness. This was attributed to the fact that after rolling some of the 

contaminant was moved to relative deeper parts of the surface layer. Diffe

rences in the effectiveness for the two soil types were small and these diffe

rences are likely due to varying looseness of the soils. 

The effect of rainfall was tested in fields covered with a layer of mulch. 

Before scraping the soil surface was disked. The influence of rainfall was 

not uniform for both of the soils. In the Sassafrass sandy loam, the effective

ness was decreased while on Elkton silt loam the effectiveness was increased, 

which is rather surprising. The decrease of the effectiveness was partly 

ascribed to the fact, that I was used as tracer in this experiment and be

cause of the relative high mobility of I in soils, the negative effect of 

irrigation may be overestimated. Unfortunately, no further experiments were 

carried out to establish a relation between the effectiveness of this decon

tamination method and the time passed since the contamination and the amount 

of precipitation. In fact, the mobility of most radionuclides in soils is 

low, so it may be expected that the decrease of the effectiveness with time is 

slow. This is a favourable aspect, because it implicates that this decontami

nation method is feasible for prolonged periods of time after the contamination. 

In one experiment the soil was sprayed with asphalt after the contamination 

and subsequently this asphalt was scraped from the soil layer. This additional 

treatment did not result in higher effectiveness. The same method was investiga

ted by Schulz et al (1959) and these authors came to the same conclusion. 

After the Palomares accident in Spain about 4,6 km of land 

was contaminated with plutonium.In the most heavily contaminated part, 

covering a surface area of about 2 2 ha, the top soil was scraped off 

to a depth of 5~8 cm. The amount of removed top soil (~ 1000 m ) was 

shipped to the U.S.A. and treated as low-level radioactive waste 

material (Dunning, 1968). After removal of the top soil, the remaining 

contamination level was neglectable (Iran/o, 1568). 
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The above mentioned results indicate, that removal of the top soil 

is a feasible decontamination measure for agricultural fields with a 

high effectiveness, resulting in a removal of over 90 percent of the 

initial containat ion level. 

Consequences 

The machinery required for removing top soil layers (e.g. scrapers, road 

graders, bulldozers)are not commonly used on a farm. Therefore suitable imple

ments must be provided from sources outside agriculture. This will certainly 

influence the speed of the execution of the decontamination activities. 

The disposal of contaminated soil is a major problem connected with this 

decontamination procedure. The removal of the top soil layer with a thickness 

of 5 cm results in a total amount of 500 m of soil per ha. It does not seem 

likely, that such large amounts of soil can be transported from the fields 

during the decontamination operations. Hence, the removed top soil have to be 

disposed on the fields at first. 

James and Menzel (1973) have investigated the logistics for a small 

road-grader (2.7 m blade) and a large road scraper (3-6 m blade) and applying 

different procedures. Adjacent cleaning-passes were made to move the contami

nated soil into one large windrow. After three subsequent passes, part of the 

contaminated soil was pushed over the top of the blade causing considerable 

decrease of the effectiveness. Then the windrow of contaminated soil was moved 

asidi over the already cleaned area and the same operation was repeated (Experi 

ment 1). In another experiment, after three working passes a ditch was excava

ted beside the row of contaminated soil. This contaminated soil was scraped 

into the ditch and covered with clean soil (Experiment 2). In table k.h the 

most important results of these experiments are presented. 

Table *••*» Logistics for removal of top soil (cfr James and Menzel, 1973). 

Kind of implement 
Cleaned area* 

% 
decontamination timc 

h/ha 

smal 1 road grader 

2.7 m blade 
exp. 1 90.0 6.2 

large road scraper 

3.6 m blade 

exp. 1 90.0 3-7 large road scraper 

3.6 m blade exp. 2 87.0 10.2 

* . J cleaned area (ha) .„_<. 
* % c eaned area = . v •. r.-y x 100% 

total area (ha) 
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Supposing, that one large scraper is operatinq during 10 hours a day 

and 300 days a year, then about 800 ha,a contaminated land is treated, re

sulting in 720 ha of cleaned land and 80 ha of disposal area for the con

taminated soi1. This implicates, that about 12 large scrapers are required to 
2 

decontaminate an area of 100 km in one year (It should be realized, that the 

effectiveness is likely to decrease slowly with time and therefore a delay of 

one year before the execution of this decontamination measure should probably 

be considered as a limit). 

Scraping-off the top soil is not possible under all circumstances. On 

very shallow stony soils it is impossible or very difficult to remove the 

top soil evenly. Furthermore, it seems doubtful, if this decontamination pro

cedure is suitable on wet, peaty soils, because the heavy machinery will 

sink in unconsolidated organic soil-material. On heavy textures clay soils, 

this decontamination procedure may be limited to certain period of the year. 

Under wet conditions such soils are very sticky and clay will adhere on the 

biade. Under very dry conditions the top soil becomes very hard, making easy 

scraping-off of the contaminated top layer impossible. 

Some agricultural crops are grown on ridges, e.g. potatoes. When the 

field is cultivated into such ridges before contamination, the possibilities 

for scraping-off a thin layer of the top soil homogeneously are unfavourable. 

The feasibility of the application of scrapers or road graders to remove 

the contaminated soil is doubted. Levelling of ridges before scraping will 

decrease the effectiveness considerable. 

The same degree of effectiveness is only reached by removing a much thicker 

layer of top soiI. 

Difficulties are also expected if firm plant parts are present in fields, 

like maize stubble or sugar beets. It is expected that difficulties are en

countered to remove an even and homogeneous soil layer. Any irregularity is 

likel/ to result in decreasing effectiveness. 

Harvesting of such crops before scraping-off the top soil will certainly re

sult in a mixing of the deposited radioactivity through the plow-layer. After 

such treatment scraping-off the top soil is not appropriate. 

With the removal of the upper layer of an agricultural soil, part of the 

plant nutrients present in the soil are removed too. This aspect will be more 

important in poor soils. In such soils almost the whole amount of plant nutrients 
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are concentrated in the plow-layer. When the average depth of the plow-layer 

is 20-25 cm and 5 cm top soil is removed, then the inventory of plant nutrients 

decreases with at least 25-20%. Therefore, it is necessary to provide addi

tional amounts of fertilizers in order to maintain the yields of agricultural 

crops. The amount of additional fertilizers needed, depends on soil fertility 

properties of a particular soil and the kind of crop that is grown after the 

decontamination treatment. 

After this evaluation we may conclude, that scraping-off the top soil 

after deposition of radioactivity on agricultural fields is a feasible de

contamination procedure. However, this decontamination procedure has some 

limitations regarding the possibilities for application (e.g. very wet soils, 

stones, ridges, presence of root crops). Especially after heavy contamination 

this procedure offers good prospects, because of the high effectiveness. An

other important aspect of this procedure is the reduction of the external 

radiation hazard to the farmers after removal of the radioactivity. The clean 

soil is immediately available for crop growing after this decontamination pro

cedure and probably no limitations are required with regard to the choice of 

crops. 

V.3.1.3 tffecrs of soil-tillage practices on the uptake of radionuclides by plants 

Several authors have investigated the influence of placement depth and 

the distribution of radionuclides in the soil profile upon the amounts 

absorbed by agricultural crops. 

Radionuclides, accidentally released into the environment will be deposited 

on the top of the soils. In arable lands these radionuclides are readily 

mixed up homogeneously into the plow-layer due to normal soil-tillage activities. 

On permanent pastures, however, radionuclides will only move downward slowly 

with percolating rainwater or bioturbation processes. 

Christensen and Fowler (1961) have demonstrated that the uptake of radio

nuclides by plants is highest when the radionuclides are evenly distributed over 

the entire rooting zone. The amount of radionuclides absoroed by plants was 

generally about 5 times higher where this radionuclide was mixed homogeneously 
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over a depth of 1.5 m as compared to a superficial distribution of the same 

amount of radioactivity in the top layer with a depth of 5 cm. Similar 

observations were reported by James and Menzel (1973)• 

In an established pasture, the uptake is higher when the radionuclides 

are concentrated in the top layer. According to Mi I bourn et al (1959) this 

relative higher uptake is due to the fact that radionuclides deposited on 

the basal parts of plants or radionuclides that are in contact with super

ficial roots, are significantly more available for absorption than radio

nuclides incorporated in the soil. 

Usual soil-tillage activities in arable lands result in a more or less 

homogeneously mixing of deposited radionuclides throughout the plow-layer, 

leading to relative high uptake by crops. Replacement of normal soil tillage 

activities by minimum-tillage or zero-tillage methods seems not to be appro

priate to decrease the contamination of agricultural crops, because the effec

tiveness of such a measure is low and on the long term the effectiveness will 

decrease as the contaminant will gradually be transported downward in the 

soi1 profile. 

The influence of bringing the rad.onuelides to deeper soil layers by 

deep-plowing on the absorption of radionuclides by crops have been investigated 

as a possible decrntamination procedure. For most of these experiments radio-

strontium was used as tracer. It is supposed here, that the obtained results 

are valid for other radionuclides too, and main results will be discussed. 

Mi I bourn et al (1959) compared the absorption of radionuclides for various 

plants on fields that were plowed to a depth of 15 cm and 30 cm respectively. 

In the plots, plowed to a depth of 30 cm, generally more than half of the 

radioactivity was recovered between 20 and 30 cm. The plant absorption was, 

on the average, reduced with 20-30% as compared to shallow-plowing. The re

duction in the uptake of radionuclides was most effective for rye-grass and 

kale. For other crops - viz. sugar beets, potatoes, cereals - the effects were 

less clear. I". was found that the reduction was most effective OP fine-textured 

soils, probably because the radioactivity was better concentrated in the deeper 

soil layer after plowing. 

On sandy soils plowing resulted in a more evenly distribution of radioactivity 

through the plow-layer. 
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Menzel et at (1968) plowed contaminated fields to a depth of 90 cm. The 

fraction of radioactivity found back in the top 30 cm of the soil was 0.8 -

1.61, while major part of the radioactivity was found back between 80 cm and 

90 cm. 

The absorption of radionuclides from the deep-plowed soil was compared with 

the uptake measured on a "ototilled plot. Crops included in the experiment 

were sugar beets, sudangrass, soyabeans and cabbage. The relative concentra

tions in the crops grown on the deep-plowed plots were *»0.5%; 36.6%; 37.6% 

and 29-6% for sugar beets (roots), sudangrass (fodder), soya

beans (seed) and cabbage. (In this comparison the concentration in crops 

from the rototilled plots are set up as 100%.) During the early stages of 

growth, the percentages were considerably lower, but later on as the plant 

roots reached the deeper soil layers with the radioactivity, the uptake rate 

increased. Differences in the effectiveness of this treatment for different 

crops are small and are probably related with rooting-depth of the crops and 

the intesity of the root system in deeper soil layers. Therefore, it is expec

ted that the effectiveness of deep-plowing as a decontamination measure will 

be highest for crops with short growing periods and shallow root systems. 

Climatic conditions, soil properties and especially the availability of water 

have a considerable influence on the development of the root system and con

sequently these factors influence the effectiveness of deep-plowing. 

In this connection it is interesting to look at the results of an expe

riment conducted by Schulz et al (1959). 

In lysimeter experiments, radiostrontium was placed in bands at various depths, 

ranging from 5 to 120 cm. Barley was grown as test crop and half of the lysi-

meters were frequently irrigated. It was shown, that the depth of root growth 

with time differed not markedley for both treatments. However, the concentra

tion of radiostrontium in the plant material decreased sharply for the irri

gated lysimeters with placement depth of the radiostrontium. In the non-irri

gated lysimeters this decrease of the radiostrontium concentration with place

ment depth was less sharp. The uptake of radiostrontium from the non-irrigated 

lysimeter:, was about 2.5 - '•* times higher if the radiostront ium had been nlacad 

deeper than 25 cm. These results indicate, that a relation exists between 

the amount of water taken up from a particular soil layer and the amount of 

radionuclide absorbed from this layer. 
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Froni these data, we may conclude that the effectiveness of deep-plowing 

as a decontamination measure is smaller on soils where plant roots reach the 

permanently saturated rone above the groundwater table. If such soils are 

deep-plowed, the radioactivity - but also large part of plant nutrients, ini

tially present in the top layers - are brought into the zone where large amounts 

of water are absorbed by the plants. Therefore, it is possible that in such 

soils still relative high amounts of radionuclides are taken up by the plants. 

A combination of deep-plowing and the use of root-inhibiting chemicals 

can make deep-plowing more effective. Menzel {et al.a 1967» 1968) studied 

the effect of deep placement of strontium together with root-inhibiting 

chemicals on the uptake of strontium by plants. Placement of Sr at 50 cm 

with different chemicals reduced uptake with a factor of 10 to 100 whereas 

deep placement alone had no influence on the uptake by oats, grain sorghum 

and soybeans. As chemicals inorganic acidic or basic salts and organic 

herbicides were tested. Sodiumcarbonate (22 ton.ha ) gave the most pronounced 

and consistent reductions in uptake o* strontium. However, yields were about 

20% lower. Long-term effects have not been evaluated, but especially its 

effect on soil structure could prohibit its use. Also it might move 

sufficiently to become separated from the radiocontaminant and than lose 

its effectiveness. 

In the available literature, no data have been presented about the uptake of 

radionuclides from deep-plowed soils on the long term. In soils with a deep 

groundwater table and a prevailing downward movement of percolating rainwater, 

it is expected that radionuclides will also be transported downward. 

It is also possible, however, that radionuclides are moving upward from lower 
90 

soil layers. Arkhipor et al (1975) have reported, that 10 years after Sr 

was placed at a depth of 1*0-50 cm in a wet meadow soil, part of it (aoout 30%) 

had moved from the lower layers upward and only a small fraction had moved into 

the underlying layers. The most probable process for the upward movement is the 

transport with capillary rising groundwater. Most other radionuclides are less 

mobile in soils than radiostrontiurn and consequently this process is less im

portant. However, it still is recommended to consider the hydrological proper

ties of contaminated land, before taking the decision of deep-plowing, especial

ly when mobilo species of radionuclides are involved. 

After this evaluation of existing data, it is concluded that placement 

of radionuclides to a depth of approximately 90 cm, will reduce the absorption 

of radionuclides with a factor 2 to 3-
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Deep-placement can become more effective by the use of root-inhibiting chemicals. 

The decrease of the absorption depends on soil properties, climatic conditions, 

the kind of crop and hydrological conditions. Best results are probably 

achievable in soils with lower groundwater tables in which the supply of 

water to the plants is provided by rainfall or irrigation. Growing crops 

with short growing periods and shallow root systems is recommended. 

Consequences 

With deep-plowing most of plant nutrients and organic matter are placed in 

the lower parts of the soil profile and original subsoil forms the new top layer. 

Generally, subsoil is less fertile due to lower concentrations of plant nu

trients, organic matter etc. On rather heavy clay soiIs, deep-plowing will 

cause a deterioration of soil structure. Therefore, deep-plowing may cause 

lower crop yields, especially during the first years after this treat

ment. Later on the yields of the crops may rise to the original level by 

providing supplemental amounts of fertilizers, organic matter and by applying 

appropriate soil tillage practices. 

On the other hand, deep-plowing may lead as well to higher crop 

yields. This will be the case in soils where the physical properties of the 

soil profile are preventing optimum root development of the crops (hard pans 

like iron-pans, ortstein). With deep-plowing these root impeding layers are 

broken up, creating more favourable circumstances for root development. As 

a matter of fact deep-plowing is a well-known land development practice for 

improving the productivity of same soils. 

In decontamination experiments carried out by Myhre et al (196*0 deep-

-plowing resulted in lower grain yields of maize and soyabeans. The experiments 

were conducted at four locations, representing widely varying soil and climatic 

conditions in the states of Georgia, South-Carolina, Minnesota and Iowa in 

the U.S.A. Especially formaizethe decrease of the average yields was markedly 

(~ bQ%) and for soyabeans this decrease was smaller (~ 102). Menzel et al (1968) 

found in their experiments, that deep-ploving almost doubled the yields of 

sugar buds, sudangrass, soyabeans and cabbage on Pullman silly clay loam at 

the Southwestern Great Plains Research Center (Texas, U.S.A.). 

Menzel et at (1968) used in their experiments a deep-plow with a scraper 

attached to the plow, that remover* about 10 cm of surface soil and pushed into 

the furrow behind the moldboard. In th.s way a uniform and deep placement of 

the contaminated top soil was achieved. It is likely that this design will 

reach higher effectiveness, because deep-plowing has also a more or less mixing 

effect on the soil. It is unknown, however, if such scrapers are used under 
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normal circumstances, but the application of an attached scraper is recommended 

in order to achieve the best results. 

Deep-plows are not used for common soil tillage activities and therefore 

the availability is limited to land development companies and agricultural 

contractors. 

Steenbeek and Feitsma (1968) made an investigation about the logistics of 

different types of deep-plows that are used for land reclamation in the Lake 

Ussel Polders in The Netherlands. 

Table k.5 Some data about the logistics of deep-plows used in the Lake Ussel 

Polders (The Netherlands) (cfr. Steenbeek and Feitsma, 1968). 

Depth of plowing 

(cm) 

Width of furrow 

(cm) 

T rac t i ve powe r 

(KW) 

Capacity per hour 

(ha) 

70-110 

100-130 

60 

70 

100-110 

155-165 

0.15 

0.15 

The conditions for carrying out deep-plowing in the Lake IJssel Polders 

are favourable, because the lay-out of the parcels allows a high capacity. 

'Jnder less favourable conditions, the capacity will certainly be much lower. 

Crawler-type tractors are generally applied to provide the tractive power for 

deep-plowing. The necessary tractive power is influenced by soil properties 

and working conditions (wet vs. dry soil) and under bad working conditions 

two crawler-type tractors are frequently required for traction. 
2 

In order to make an estimate of the time neede to treat an area of 100 km 

we will (conservatively) assume, that the working capacity in average circum

stances is 0.1 ha/h. Supposing that one deep-plow and tractor(s) are operating 

during '0 hours a day and_ 300 days a year, then 300 ha of contaminated land can 

be plowed in one year. From this follows, that at least 33 fully equipped 
2 

sets of deep-plows are required to treat an area of 100 km within one year. 

On some soil types it is impossible to carry out deep-plowing due to 

particular soil-qualities like the presence of stones and bedrock within the 

soil profile. Also it is doubted if this decontamination procedure is feasible 

for low-lying peaty soils, that are common over large areas in the Western 

and Northwestern parts of The Netherlands. Probably also on mineral soils with 

groundwater tables between 60-90 cm below surface deep-plowing may cause 
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serious problems. For this reason it is certain that deep-plowing is not a 

feasible decontamination procedure for every soil type. However, when soil-

-qualitïes are favourable for deep-plowing, then this measure is considered as 

a feasible decontamination procedure in situations where the contamination of 

agricultural land exceeds the maximum-permissible-soi1-concentrations 

with no more than a factor 2. If the soil contamination is more severe, then 

other decontamination schemes are required to guarantee a safe agricultural 

use of such land. Further, it should be mentioned, that deep-plowing has 

- except for limiting the plant uptake - an additional beneficial effect, 

because the external radiation hazard and the inhalation hazard of resus-

pended radioactivity will be eliminated almost completely. 

4.3.2 Measures r^r str^*it~'ur rnd nes"'ur 

89 90 
On the long term the strontium isotoDes 7Sr and Sr and the cesium 

isotopes Cs and 37Cs (radiological half-life 29 a, 50 d, 2 a and 

30a) constitute the largest risk. Of these yUSr is by far the most important 

(see par. 3-3-2). Furthermore strontium is absorbed in a somewhat higher 

amount than cesium by plants from soil. The reason could be that cesium 

is fixed stronger on most soils. Most experiments to study a possible reduction 

of uptake by plants from soil have therefore been carried out with strontium. 

This is reflected in this section of the report, which deals mostly with 

strontium. 

4.3.2.1 Leaching 

Leaching of strontium and cesium with water through soils is a very slow oroces^. 

Also the effect of dilute solutions and even of complexing agents is minima! 

(Menzel and James, 1971; Frere et al.s 1967; Myhre at at., 1964). Lagerwerf f 

and Kemper (1975) concluded that after application of 15 ton of gypsum per ha, 

mobile strontium could be leached to below 60 im in light soils with about 

110 cm of water. Schulz et al.3 (1959) tried to leach strontium out of the 

soil with HCI (33 ton.ha"1), FeCl, (50 ton.ha"1, H.S0. (45 ton.ha"1; CaCL 
• 1 *1 

(51 ton.ha ) and NaCl (53 ton.ha ) and 153 cm water. HCI and FeCl. were most 
effective. 
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Consequences 

Application of these huge amounts of chemicals (150 000 to 500 000 ton 
2 

per 100 km ) would be a rather complicated orocedure. Also irrigation 

with more than 100 cm water could pose problems, the more so because this 

water should not be contaminated. Leaching would onlv be effective for light 

soils. On clay or peaty soils this method is not applicable. 

2 Application of chemicals 

The application of calcium and potassium can reduce respectively the uptake 

of strontium and cesium respectivily by plants. Soluble phosphates, applied in large 

amounts, may precipitate strontium. Addition of materials with a high 

exchange capacity, like organic material or clay may also reduce the 

entry cf radionuclides into plants. 

Many experiments have been carried out to study the uptake of strontium 

by plants, after the application of limestone or gypsum. The reduction 

in uptake depends upon increasing the available calcium supply. There

fore no or little effect has been seen on soils well supplied with 

calcium, i.e. soils with a high fraction of exchangeable calcium and/ 

or with a high pH. Application of calcium (6 to }k ton of limestone or 

gypsum per ha, depending on the properties of the soil) to acid soils 

might reduce the strontium uptake of crops by 30 to f>Q% (Myhre et al,t 

196'*; Menzel and James, 1971; James and Menzel, 1973; Frere et al.t 1967) • 

Soluble phosphates (di-ammonium or tri-potassiurn phosphates, k to 12 ton.ha ) 

have been reported to reduce the strontium uptake from soils with a higher pH with 

a factor of ten. Yields, however, were reduced at the higher rates of application 

(Menzel and James 1971). 

Under certain circumstances it might be advantageous to fix radionuclides in 

place, so that their biological availability and wind dispersion is minimized. 

Nishita and Haug (1976) have carried out an experiment to produce stable soil ag

gregates of which the extractabi1ity of strontium would be less. They tested 

portiand cement, ferrous sulphate, sodium silicate and a polyester coating resin. 

In general the aggregate stability was increased, as was the water-extrabi1ity 

of strontium, whereas the extractabi1ity with ammonium acetate wa« reduced. The 

method is therefore not suitable for areas which are to be used for aqriculture. Other 

chemicals (e.g. alginates), however, might prove to be more useful, but have been 

not yet extensively tested. 
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Consequences 

The most promising applicable method seems to be the use of calciumcarbonate 

or gypsum on acid soils. The maximum possible effect, however, does not 

exceed a factor two, moreover the quantises to be applied (60 000 to 
2 

T40 000 tons per 100 km ) could be a constraint to the application. On the 

other hand calcium spread on grassland, might also reduce the transfer 

of strontium from grass to milk, i is s*nown in par. k.2.h.\. 

The application of soluble phosphates to high-pH soils might reduce the uptake 

of strontium by plants, although this method is not mentionned very often in 

1iterature. 

4-3-3 Changing farming systems 

A change in the farming system can reduce the final radiation dose to man in 

three different ways, all leading to a reduction of the amount of radionuclides 

in the diet. The first method is a change in the production of crops (or 

meat» milk, etc.) towards products with a low transfer of radioactivity to 

man. A second possibility is a change to products, which can be treated during 

the processing so that the concentration of radionuclides in the final 

consumed product is low. Even normal processing procedures may reduce the 

concentration of radionuclides. A third method could be to produce one single 

product (or some products) only in the contaminated area. 

k.3.3.1 Products with a low transfer 

The most drastic way to reduce the radiation dose to man by ingestion, would 

be the production of crops which are not ingested by man, e.g. fiber crops 

(flax) or wood. The only problem to solve in that case would be the radiation 

doses to farmers and other workers concerned with the production and processing. 

Another possibi1ity would be a shift from arable products to cattle, introducing 

an additional step in the pathway from soil to man; production of fodder crops 

(maize, fodder beets, etc.), or a change to grassland. Growing only special 

crops,e.g. graincrops,might reduce the final radiation Hose to man, because 

often less radioactivity is transported to the seeds of plants than to transpiring 

leaves. As will be mentionned in the next paragraph, the production of crops 

which loose much of the radioactivity during processing like, like sugarbeets, 

may be a way to reduce the radioactivity transferred to man. 

The problem with this method, however, is that no systematic study exists of 

the range of transfer factors which occur for different crops under realistic 
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circumstances. Therefore the exact effect of a change to other crops is 

difficult to predict. 

3-2 Processing 

The best known example of a reduction of the amount of radioactivity to 

man by processing, is the production and storage of milk powder made from 

milk contaminated with I, which is mentionned in par. 4.2.2., dealing 

with the short term. Possible for long term measures miqht be the 

production of sugar from contaminated sugarbeets, of flour from cereals, 

and of starch from potatoes. This list could probably be extended, but 

we did not yet found enough data in literature. 

3-2 One or a few crops only. 

An assumption for the model calculations was that all products contributing 

to the diet of man (except pore) nas been produced in the contaminated area 

and were therefore contaminated.The effect of a distribution pattern on the 

radiation dose to man has been neglected, as it would be very difficult to 

predict in accident situations. Production of one or a few crops only in the 

contaminated area would reduce the radiation dose to man. If as can be 

seen in table 3-7- (par. 3-3-2.)the contribution of vegetables to the 
90 

radiation dose caused by Sr in the total diet is 12%; production of vegetables 

only in the contaminated area would reduce the radiation dose to man with a 

factor of 8. Production of beef only would reduce the radiation dose wi Ih 

afraost a factor of 50, production of milk and beef, however, a combination 

which is more realistic, would reduce the radiation dose with a factor of 

** only. The numbers mentionned here depend strongly on the assumptions of 

the model calculations. Other assumptions would lead to other possible 

reductions. For a realistic evaluation a better knowledge of transfer factors 

is indispensable. 

I* Conclusions about long term measures 

Most radionuclides contributing to the long term radiation risk, are 

adsorbed rather strongly on the soil. The only effective way to remove these 

radionuclides, is removal of the soil. In that case a contaminated crop,if 

present,should be removed first. Removal of the top layer of the so»? 

requires rather heavy machinery, normally not present on farms. 
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These machines can only be used on stable soils, e.g. not on peaty or 

wet heavy clay soils. The effectiveness of removal of the top soil 

depends on the smoothness of the surface. Furrows as are the case when 

growing potatoes, reduce the amount of radionuclides which can be 

removed. About 10$ of the area is needed for the disposal of the 

contaminated soil. A reduction of a factor 10 in the contamination level 

of the soil can be reached by scraping of the top layer. 

Attention should be paid to adequate fertilization of the soil after

wards to minimize yield depressions. 

Oeepplowing is only effective for shallow rooting crops and the effect 

will not last very long. This is therefore only useful 1 for radionuclides 

with short half-lifes (about one year). 

Application of chemicals, e.g. limestone or gypsumfto reduce strontium uptake 

by crops is effective on acid soils and may reduce the contamination of the 

crop with a factor of two. A changing of the farming system towards crops 

with a low transfer of radioactivity, or towards crops which loose part of 

the radioactivity during processing may be effective. The degree of 

effectiviness and the practicability of the method should be studied more 

in detail, before realistic predictions are possible. 
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5. GENERAL DISCUSS IOM; FUTURE RESEARCH 

A summary of the models described in chapter 2 and of the measured to be taken 

described in chapter k is already presented in the introduction (section 1.2). 

This summary can also be used as a directory (when what to do) for the main 

points raised in chapter 2 and k. A repetition here seems to be superfluous. 

Instead, the general discussion will deal mainly with items which have been 

neglected in this report and items which need more research. A way to organize 

this discussion is by using the pathways of radionuclides after a nuclear 

accident. Those pathways which are important for agriculture are repeated 

in fig. 5.1 (see alco fig. 1.1 and fig. 2.1). 

5-1 RELEASE OF RADIOACTIVITY 

The release of radionuclides depends on the character of the accident. The 

amounts and composition of the released radioactivity will be different for 

accidents in nuclear power stations, nuclear reprocessing plants and 

radiochemical laboratories and will aiso be different for explosions 

of tactical and other nuclear weapons. No general prediction can be made, which 

is, to some extent, possible, for each of the different categories of release. 

For the planning of emergency measures, releases of radioactivity expected 

for a specific situation, should be taken into account. 

2 ATMOSPHERIC DISPERSION 

In this study no models for atmospheric dispersion have been treated. These models 

can not be used for prediction on forehand of the dispersion caused by a 

possible accident. However, by introducing actual values of weather 

parameters into existing models, it would be possible to predict at and 

after the moment of the accident which dispersion pattern and which concentra

tions are to be expected. It seems therefore advisable to have atmospheric 

dispersion models ready for use at the moment of an accidental release. 

Attention should be paid in the models to the description of wet and dry 

deposition of activity. Some models max.mize external radiation doses to 

man by minimizing deposition rates. For agricultural purpose, however, an 

accurate description of deposition is necessary as this is the starting 

point of the foodchain transport of radionuclides. 
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Fig. 5.1 Schematic presentat ion of the most important agr i cu l tu ra l 

pathways. 
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5-3 DEPOSITION OF ACTIVITY 

In the last paragraph the importance of an accurate description of deposition 

is already stressed. Another more accurate way to determine the deposition of 

activity is by measuring. Samples taken in the field can be brouqht to the laboratory, 

but it seems more efficient to measure the deposition in the field in svcu. 

These measurements should include a determination of the amounts of the 

different radionuclides on surfaces, at different distances and in different 

wind directions of the point of release. 

It seems advisable to use atmospheric dispersion models to predict the pattern 

of deposition, and to determine, from this prediction, specific points in the 

fields where these predictions can be compared to actual measurements. 

5.k AGRICULTURAL PATHWAYS 

5.'•.I Models 

The models presented in chapter 2 describe only parts of the transfer of 

radionuclides through the agricultural system into the diet of man. Particularly 

the transfer from grass via cattle into milk is described as the main 

short term pathway. Other possible pathways are not included, because they 

contribute less to the radation dose to man. For the long term pathway 

a more complete model is described which considers a mean "European 

Community" diet. However, the effect of processing on the radionuclide 

content of the final consumed product has not been taken into account. 

On an international level research on models relating release and final 

radiation doses to man, gets more attention because of the ICRP-recom-

mendations for ' a system of dose limitation, the main features of 

which are as follows: 

(a) no practice shall be adopted unless its introduction produces a positive 

net benefit; 

(b) all exposures shall be kept as low as reasonably achievable, economic 

and social factors being taken into account; 

and 

(c) the dose equivalent to individuals shall not exceed the limits recommended 

for the appropiate circumstances by the Commission."{ICRP 26) 
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The realization of these recommendations requires the estimation of population 

doses. Especially in the United Kingdom and in France models are being 

developed for this purpose (Clark, Bouville et al.t 1979)- 't seems advisable 

to consider these models for improvement of the models for accidental releases. 

5.A.2 Transfer of radioacitivity 

Host parameters in the models concern the transfer of radionuclides from 

one compartment of the biosphere to another, e.g. from soil to plant, from 

grass to cattle, or from cattle to milk. Up till now values of these parameters 

are known within a range of often two orders of magnitudes. Therefore mostly 

over-pessimistic values are used, and the placing of several over-pessinistic 

values in series in the models results in the calculation of irrealistic high 

radiation doses to man. For a better prediction of radiation doses to man the 

use of more realistic parameter values is prerequisite. 

Another way to predict the radiation doses more reliable is the measurement 

of actual concentrations of radionuclides in the different steps of the 

agricultural pathway after the accident. 

As was the case for atmospheric dispersion, also here a combination of 

predictions with the aid of models and specific measurements 

seems to be the most effective. 

5.5 MEASURES TO REDUCE RADIATION DOSES 

5.5-1 Application of chemicals 

Besides the chemicals mentioned in chapter k, it might be possible 

to reduce the transfer of radionuclides from soil to plant by the appli

cation of complexing agents to the soil e.g. uncharged ligands mixed 

ligand chelates, or alginates (Smeulders, 19"'9). 

Administration of some of these agents to cattle might also reduce the 

uptake of radionuclides by the cattle from grass. However both the 

effects and the practicability of these measure are still insufficiently 

known. 
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5-5.2 Product treatment 

In chapter k the production and storage of milk powder fro» «ilk 

contaminated with I is mentioned. Also the production of butter and 

cheese are considered as measures to reduce the radiation dose to man 

as well as the use of ionexchange resins to decontaminate milk from 

strontium and cesium. Data about the reduction in radionuclide content 

by the production of sugar from contaminated sugarbeets, of flour from 

contaminated cereals, of starch from contaminated potatoes, etc were not 

yet found in literature. More study seems, therefore, appropriate. 

5-5 3 Changing faming systems 

When more realistic values are known for the transfer of radionuclides 

from soil to crops for different crops it can be decided more reliable 

which crops should be grown to minimize the transfer of radionuclides to 

consumable products. Also more knowledge about the practicability and 

efficiency of different product treatment systems, could enable a balanced 

decision to grow crops which loose much of the radioactivity during 

processing. 
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C0NCLUSI0NS FUTURE RESEARCH 

To anable better balanced decisions whether or not measures and which 

measures should be taken, the research which is still necessary can be 

divided into two fields: 

1. § A better prediction of radiation doses to man can be achieved by 

better models, and by introduction of more realistic values for 

transferfactors than the over-pessimistic values which are used 

up till now. 

b Another way to predict the radiation doses better, is measurement 

of the actual concentrations of radionuclides in the different steps 

in the agricultural pathway after the accident. 

2. For the following measures to reduce the radiation doses to man, the 

effects and the practicability are still insufficiently known: 

a application of complex'ng agents (e.g. uncharged ligands, mixed 

ligand chelates) to soil and/or cattle to reduce the uptake of 

radionuclides by plants from soil and/or the absorption by cattle 

from contaminated crops; and 

b application of product treatments which reduce the radionuclide 

content of the final product; only for milk and milkproducts 

sufficient data are available, but for the production of sugar, 

flour, starch etc. from contaminated crops, more information is still 

necessary; it may also be possible to remove a superficial contamination 

from agricultural products by washing with water containing salts or a 

detergent (Fischer and Strahlmann, 1973» Paulus 1968 a and b), this was 

not included in our study. 
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nuclear accident. Radiation doses can be estimated by using models for the 
transfer of radionuclides to man. The following processes and pathways are 
described: 
- accidental releases into atmospheric environments and subsequent nearby 

deposition ( not world-wide fallout); 
- contamination of crops by direct deposition and the subsequent short-term 

pathway (e.g. grass-cow-milk-man); 
- contamination of soit and the subsequent long-term pathway (e.g. soil-crop-

man, soil-grass-cattle-milk/meat-man). 

Depends -j on the degree of contamination measures can be advised to reduce 
the transfer of radiocontaminant: 
Short-term measures are: 
- feeding cattle with uncontaminated food if possible; 
- production and storage of milk powder when the contamination exists of 131 

I: 
- administration of bentonite to cattle for reducing the uptake of cesium from 

(eed; 
- administration of calcium to cattle to reducing the uptake op strontium from 

feed; 
- decontamination of milk by removal of strontium and cesium on an ionex-

change column 
Long-term measures are: 
- removal of the contaminated crops if present; 
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only. 
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