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HW-TR«67
Contamination of milk after an accidental atomospheric fallout of iodine-131,

R. J. Kirchmann, R. R. Boulsnger
"Radiocactive contamination in gaseous media,"” Saclay Symposium,
Novenber 12-16, 1963,

I. Introduction

One of the ways in which contamination of the atmospherse can occcur is a
reactor accident, which was the case at Windacale (G.B.) in October, 1957,

This accident, during which it has been estimated(l) that 27,000 curies
of 1131 and other radicelements were emitted into the atmosphere, has revealed
that, from the viewpoint of the food chain, one of the most important of the
flssion products in the caae of a reactor incident was radicactive lodine, 1131.

This conclusion cannot be denied when we consider, especially: the
fisasion yield (3.1%), the very high absorption factor (af a 1.6)(2) after in-
gestion by the animal, the secretion rate in milk, and finally the half-life
(8,05 days) which permits it to be transferred from the animal to man.

Milk, a major part of the diet of young infants, ia the main carrier of
1131,

The installations at the Centre d'Etude de 1'Energie Nucleaire at Mol,
are located in a region where the major agricultural resource is dairy pro-
ducts; two thousand producers deliver to 3 dairies, located at least 10 ka
from nuclear installations. 1In a circle of 15 km radius, the animal estimated
production has been 75 million liters in 1962, about 208 of which was seld as
milk for consumption. R

. Two series of experiments, made in 1962 and 1963, have been dons under
natural conditions in order to obtain results valid to the agricultural pur-
suits of this region. These tests enabled us to varify 1_1'_ the figures rela-
tive to concentration of I3l in milk, extablished during the Wirdscale acciient

were also valid for the region adjacent to the C.E.N. installationa.
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These experiments are also aimed at fumishing information on the influence
f such factors as: height and naturs of the pasturs, season during which ocon-
ftamination occurs, meteorological conditions (especially rain),

II. Experimental Conditions

For the tests done in 1962, we have used 3 permanent pasture for 3 cows,
the pasture divided into 6 sections of about 20 acres each, according to the
so—called "rotating" method. This procedural method, standard in developing
agricultural operations, has had the consequence that the height of the pas-
turage at the time of contamination was different for each of the sectious.

In 1963 our tests were made in a ”t-pmry‘; type meadow of mixed flora.
For the first experiment, we placed each of the cows in an {ndividual pen and
fed it daily a known ration of contaminated grass. In tha second experiment,
the cows pastured freely in an uncontanimated meadow, but sach day we gave
them a small, known quantity of fresh, highly contaminated grass,

The cattle used are of the type common in Campine; we have selected our
different cows according to their milk production s0 as to obtain saximum in-
dividual differences.

The radio-fodine used was elementary I'31, carrier-free in CiHyCh,OH
solution (for certain experiments, the solution also contained 3.ud SCly e

This mother solution 1s then diluted with deminerelised water {1:1000)
before being atomized.

Meteorological conditions: dally record (temperatures in the sun and
in shade, relative humidity, and rainfall) is kept,

Conduction of the Experiments

Contamination

The radicactive solution s sprayed by means of a hand sprayer
equipped with & row of four beaks, mounted on a sled which is pulled

by a jeep. Personnel wear anti-gas nika. rubber gloves and boota
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wP493: RANG-MOWINZ OF use or a motor cutter, sccording

to the type of experiment and the surface to be sampled, with

; removal of a surface greater than or equal to 1 ll’.
Milk: Milking twice daily (8 and 18 hrs), which is present
practice on the farm,

. Treatment and Measurement of the Samples

St ; ‘ Grass: The harvest i{s weighed, then an aliquot is oven dried

to determine the quantity of dry grass material per unit of
surface,
We introduce 500 g of fresh material into a herwmetic
flask (3 ¢), special for gamma spectrometry, and add 10 ml of
formaldehyde to stop any fermentation.
Milk: Production from each milking is measured; we take 3 ,
liters, to which we add 10 ul of formaldehyde as preserving
4gent. MNeasurement by multichinnel gamma spectrometry is
done as soon as possible, for the reasons given above.
Results
| Contaainaticn of the Grass
Direct retention: the measuresent of I} in the air sampled
part (mowed or cut) has lst us calculate the percentage of the
atomized I13! airectly retained in this part of the plant. The
results obtained are shown {n Table I.
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Evolution in time of specific astivity: Two samples for the

avolution of specific activities (in microcuries 113l/kg dry ssterial)
are shown in graphs 1 and 2, Ve verify that the effective half-lives
of 1171 in the grass (per gram of dry saterial) are 4,5 # 0,72 days
during the first experiment (1963) and 6,0 & 0.93 days durisg experi~
nant 2 (1263); the corresponding bilological half-lives are,respectively,
10.2 ¢ 2 days and 23,5 pAL PR days,

Contamination of the Milk

Time raquired for the appearance of I131 a5 5 function of the
moment of contaminatiom: graph 3 shows the evolution of ths relative
concentration of I131, in relation to the maximus observed peak, as
a function of the moment of the day in which contamination occurred.

In our tests, we have assumed that placing the livestock at a
predetermined time in a contaminated pasture was equivalent at this
moment to a pasture occupied by the livestock.

a. 131 activity secreted in the milk: Chape of the secretion

- A A s e

curves: placing 3 cows (A B,C) in contaminated pasture in June, ;
July, and September, 1962, has produced milk wita I12} content v
per liter as showa {n grephs &, 3, and 6,
Rainfall (date and height in sm) is also showa in the
graphs.
The secretion curves abtained in the speclal cases of the
firet two experiments in 1983 are given in graphs 1 and 2,
b, I}31 sctivity In milk, expressed in percent of the daily ine
gosted activity., Given the practical Impossidility of deter-
mining the quantity of fresh grass censured caily by aach of the
cows, (n the case of the free pasture sxperiment, we made ia 1383









I11l. General Conclusion

There is no systematic difference between morning and avening

treatnents,

Results concerning the excretion of I}31 {n milk are slightly lewer than

those found by other researchers(®), 1f wa consider the results relative te

secreted activity expressed as & percentage of the ingested acriviry,

rmes T

Values reported during tha Windscale accident, to whit that a depositica
of 9,4 u 1131/a2 on the grass has produced milk containing 0,068 uci ndyy,
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. not bean observed during our 1962 experiments., Maximum vaslues were

» 0055 w0i 113172 for a deposition of 0.1 uC/m?, which correspended to

,0224 wai 1L3L/t for a deposition of 0.4 uCi/m?,

i In 1963, the maximun observed valus was 0,024 uCi 123l/y for o

j deposition of 0,62 uct 131/n?, and a specific actlvlt'y of the grass of

0.77 uci 1191/xg of dry material,

Two reasons could be advanced to explain this difference:

a. The Windscale accident occurred in October, that is to say at a time of
year when the grass is no longer growing very much and is less thick (in
dry material/a?), which leads to a higher specific activity than in our
experimants made in the summer and at the start of sutumn,

b, While the chemical and physical nature of the 1131 emitted during the
Vindscale accident Is uncertain, there was not wore than 5% of activity
collected near installations associated with particles larger than a
micron{l), Moreover, results obtained by different methods have ind{-
cated that 80V of the activity due to I131 was retained in the grass.
Moreover the work of Thomas (2) and Chamberlain(?) and otbers, have

" shown that factors of accumulation in plants for lodine in vapor form
could be very important. But in our expsriments we have contaminated
the pasture with 1131 in finely stomized aquecus solutiom.

The shape of the sacretion curvas has shown us that wcondary phenomena
prodably intervene, such as: modification with time of the form of 1131 in
} the plant, washing away by rain, and taking up the 1131 ggain from the "mat",
! Thess factors should be studied separatsly by sxperisments under cone

3
! trolled conditions.

B e S



TABLE I - DIRECT RETENTION of 1131 BY GRASS
p % DIrectly :
E Deposited Activity of Harvested Retained in Natu
1 Activity Grass Harvested of *
nate pci 18317m2 Fuct 1190 /m? | uci I13°/kg MS Part Renarks Spec:
6/14/62 0,043 (%) 0.42 x 102 0.026 9.7 (*)Balance of 1331 | 1 x
' used was not made
e e : ’ 0,043 0.97 x 10-2 0,010 22,5 Hand Cut 1x
» A . N .
T 7/19/62 0,10 1.60 x 10~2 0,153 " 16,0 Aver:
0.10 4,27 x 1072 0,073 42,7 Hand Cut §x
3 1 971762 0.045 0.02 x 10°2 0.126 0,44
0,045 0.21 x 10-2 0.017 4.6 Nachine Cut 1x
“ 9/25/62 0.085 0.09 % 10=2 0.033 1.0 Machine Cut 1x
5 10/1/62 0,10 0.58 x 1072 0.288 .8 Machine Cut 1x
‘ Aver
1 7711783 0.62 0.12 0.77 19,3 ' Hand Cut 10 x
2 8/12/83 {112 23,4 119 20,8 Hand Cut 1x
|
3 9/25/83 0,88 0,80 1,87 80,9 ' Hand Cut 1x
1 \ (High Grass)
i 0,68 0,09 ' 1,17 13.8 Hand Cut 1x
2 ! _ (Low Grass)
A A3
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