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conta11inat ion of 11ilk after an accidental atomoapheric fallout of locUne-131. 

R. J, Kin::mann, R, R. Boulanaer 

"Radioactive contamination in aaaeoua media," Saclay -Sympoaium 1 

H0Ye11ber 12-16, 1963. 

I, Introduction 

One of the ways in which contamination of the atntoaphere c&!I occur la a 

reactor accident• which was the caH at Windacala (G, B.) in October, 1957. 

This accident. durina which it has bean eatimatad(l) that 271 000 curl•• 

of zlll and other radioelementa were •itted into the atmosphere, ha• revealed 

that 0 from the viewpoint of the food chain 0 one of th• moat iaportant ~f the 

fission products in the i::aH of a reactor incident was radioactive lodine 0 1131 , 

This conclusion cannot be denied when we consider, aapecially: the 

fiaaion yield (3,1'), the very hiah absorption factor (af • l.o><2 > after in-

&Htion by the animal, the .. cretion Nte in 11ilk1 and finally the half-life 

(8,05 d.lya) which pemita it to be transferred fl'Olll the aniaal to un. 

Milk, a major part of the diet of yo1m3 infants, is the 1111.in carrier of 

zl31. 

The installation• at the _:entre d 'Etud• d• l •tneraie _!!Ucleail'e at !fol, 

are lt'catad in a rea.lon where the major qricultuNl resource ia dairy pro­

ductai two thoua.nd producer• deliv.r to 3 dairiea, located at least 10 lal 

from nuclear inttallat ion a. In a circle of 15 lea N.diua, the aniaal. eatmted 

production has been 75 million liters in 1962, about 20\ of which w.a sold aa 

milk for consumption • 

. Two aeriea of axparimenu, made 1n 1962 and 1963, hev. been done \mder 

natural condition• in order to obtain reaulta valid to the qricult~ par­

auita of this reaion, Thea• teat• enabled ua to V9~ify if th11 fiaurea NJ.a• 

tive to concentration of zl31 1n millc, eictabliahed durinc the W1r.dac&le •ccHent 

were also valid for the raaion adjacent to the c.t,N. installations, 

.\ 
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Thoeae experiments are alao aimed at furnilhin1 intorudon on the Wluessce 

1Uch factors u: hei&ht and nature of the paatun, aeaaon durin& wb.lch oon• 

t&aiD&tion occurs, meteorolo&ical conditions (eapeci&lly rain). 

~xperiment4l Conditions 

ror the teats done in 1962, we have uaed a pumanent pasture tor 3 cova, 

the pasture divided into 6 sections of about 20 acre• each, accordin& to the 

ao-c4lled "rotating" method. Thia procedural method, atandard in developin1 

•Ficultural operations, has had the consequence that the hefcht of the paa-

tura&e at the ti.. of contamination 11111• different for each of the aect!Clla. 

In 1963 our tests V9l'e lllade in a "t•ponary" type ... dov of a.lud fl.ON • 

For the first experiment, we placed each of the cova in an iDdi'l'idual pm aDd 

fed it daily a known ration of contuinated ara••• In the 1econd experillent, 

the cows pastured freely in an uncoatan.luted ... c1ov, but each day we save 

them a small, known quantity of freab, bfchly ccntaainated FHI. 

The cattle uud •I'll of the type comon in Caapine\ 119 baYe Mlected our 

different cowa accordin& to their •ilk production ao H to obtain MXilnm in-

dividual diffel'llncea, 

Th• radio-iodine used •• el.-.atary I131, c:al'Z'ier-frff in CH3C"20H 

solution (for certain expo1rl8enta, the 110l11tion al.ao contained 3 ... \ C~). 

This mother aolution la tben diluted with de9ineN11aed 11111ter (lzlOOO) 

before bein& atomized. 

Keteol"Olo&ical conditioa11 daily record (t•pe:returH in the nn ancl 

in ahade, relative humidity, and rainfall) ia kept. 

Conduction of th• E:xper.lllenta 

Contamination 

The radioactive aoluUcn ia 8Pl'af9d by Hm1 ot a bud IPNJW 

equipped with • row of tour blolk11 aol&Dted on a 11.S which 11 P\llled 

by a jHp. Peraonn•l wear anti-141 ••lea, Nbber 110 .. 1 and boota 

.. -.. -·-'- . ~"-.. ;.........- ;-- , ... ~ - -,- ;' " . "• ~ -·-- . '" .,. •. ----·---...---• ··-;-.... •OF·--~··· 
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durin& th• tr••atm•nt. Th• P•raonnel 10 throu1h an install•tion 

for ~•asuring lngeat.d 1811111& rad1-tion before 1nd about 2- hour• 

after each exp•riment durin1 which the radio-iodine 1s aprayaclJ no 

activity of th• thyroid &l•nd hu beon detected in theM paraona, 

Sampling 

~: Hand-niovin1 or uH of a motorized cutter, acccmU.111 

to the type of experiment and the aurf&ce to be umplacl, vltb 

removal of a surface 1reater then or equal to 1 m2, 

~: Milking twice daily (B and 18 lll'a), which is preMDt 

practice on the f~rm. 

Treatment and 1'easurement of tha SuplH 

~: The harvest 1• vei1hed9 then an aliquot is OYa dried 

to detel'lline the quantity of dry INH material per unit of 

surface. 

We inuoduce 500 I of fresh •terW into a lm'lletic 

flask (3 t >, special for 1-. apectro .. try, and add 10 al of 

formaldehyde to atop any fel'llltntatioa, 

!!£.!i: Producdca froa each ailkin1 is .. •suredl we take 3 

liters, to which we add 10 al of fol'9&1dehyd• as pre..-.ing 

aaent. NM~t by -.ltichanul 1ama apectl'OMtry is 

don• as 80Ca as poN.lble, for the re .. ona 1i'IWl &lloYa. 

Contallinatioa of the ~NH 

Direct r-.tentions the .. SUN9ent of 1131 in the &ir auplacl 

part (11011ed or cut) baa lat ua calculate tba percutqe of tba 

atoaiiaad 1131 directly retained 1D tb.ia part of tt. plat. Tba 

rHulU obtained are •bom in Tabla l. 
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E>X>lut ion in t iJDe of apecitlc acti~·J.tys Tm aaaple• fOI' the 

evolution of specific activitie1 (in 11lcrocurl11 Il31/ks d1'7 llat.s'Lll) 

are ~X>"Tl !..'! graph• l and 2, W1 .,.rlfy that thl 1ffectlve bl.lf-liN• 

of ;Ul 'n the grau (per &NII ot dry 11&t1rlal) are lf.5 !. 0.72 day• 

Juriog the first ucperillent (1963) and 6,0 !. 0,93 day1 dlA'lq npni­

-nt :> (l 363 l; the corre1pondin1 blolo1le&l. halt-lhH u-.,N8p!ICtlYelJ• 

10.2 !. 2 days and 23.S !. lf,3 day1, 

Contamination of the Mille 

Time ::-equired for tha appe&rcnce of Il31 H a fuact!oa of the 

mo-nt of contuinatic:JQI ar&Ph 3 1howa the 1wol111:1oa of tbl Nlatift 

concentration of zl3l, in relat.ioa to the lllX1- ob91J"Nd peak, •• 

a function of the -.at of tho day in which coat•~lca OCC111"1'94. 

In our tests. we ha.,. &UUMd that pl•cin& thl lift.Cod: at a 

predetel'lluned t1- in a contamin&tld pest-. •• 1qu!Yalat n thh 

-t to ~ pasture ocmpild by tbl u ... atock. 

a. tl31 actiYity SICl'fted in tbl •ilkl Shape of tbl MCNtiOD 

c:w-res: placi.DI 3 cow (A,B,C) in CCDt•iD•tld polstUN in J1:11e. 

July• and Sept .. ber1 19&21 hH produOld 11llk v!til 1131 coitt•t 

per liter •• ahoie in SNllM - 1 S 1 md 6. 

Rainfall (date nd hlicht iD •) 11 al80 ahowi in tbl 

ppha. 

The NCNtioa CUl'Yel obtaf.Ded ln tbl apecUJ. case• of t!M 

t 1rst tvo ex'9ri.llntl in l 'l63 IN li'ND in arapha l &Ad 2 • 

b, 1131 act iYity in milk. exprauld in percent of the ddl.y 1n· 

1•8tld .activity, Qi'lft tbl rr.atical illpoHibUity of deter­

•in.lng thl quantity ot fNab &NH CGnlllll!'ed dd\7 by oacb i:if ti. 

c.ova, 1n the caM of the fNe.;.aatuN exper!Mat. VII'*'• 1a ltu 
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,_ type• of expertmnu ~ .. oaadltioae wbioh 1-1 ...... 

the qumt ltJ of 1131 inpltld dallfo 

The rHultl _.. 11"'9 !Ir INJh• 1 .. •• 

!){ICUHlOll of the baulU 

Cont•in•tion of the Ora1s 

Table 1 1hovl the lU'p •1riat.tao1 la tbe .......... td zUl 

di.Nc:tly retained bJ the ba"'81ted IN••• fw ... -• I• fllMe 

obelr'W9d diff1NncH aoe, prol:lelalf, tlle llefcbt td tbe pull• 

tbl time of ..-1m. Qd tbe teolllllp t. ........... tlle -.a-. 
Concel'DiDS the 1-ftumoe of the ...... lle&pc at t .. tS.. f/11 

cooua!MtioD, • ,...uaJ...,. ..,..s.at - to Wloaie ti.t • 

l.laen' coc•rel&dm eat.ta !let- tba .-1117 of ,... .. .-..w ,_ 
•it of ..,&ce ..S tlle .,.CU!o act!dtf ol t._ *W mtel'W. 

Tiie -..ct Dat.._ of tlle OOl'Nlatiae ~ lf!11 lie cl.c...S..S b.r 

later npa..._u. 

Ia w . ._. .,. Al•IAltlaa of tlla CIOl'NlatJaa lletw. * 
qamt1t7 of ,... ...... w .. •lt of ...., .. - , .......... 

actlY1t7 ... •lt of ...,.., ...... , .. , , .. ..... oaft'elatS­

oodflclmt ls ollt&lmll tW • ..,_tJ.al tne '-ctiae (INPili l)e 

Co9Del"aiac tba ......... teo .. S ... , N-1t• no. tbat ..... 

...S., (cut to •U lnll) ,..Sta fw 119tt• NOOY91'f oft .. Ndlo-

s.tope , .. attiq llitl .......... . 

lo - •.U, tlmt , ............ ,.. .... .., ..... 4!Nat 

.,,... - , .. ........... ..., ............... actbltf ... •lt 

of ......... IUl'fw C.S.111111" .. zUl'-'>• 
Et'DltnS. of ti» """'° anldtJ of ..... ,,_ t• Wru.t 

,.. doll• DOC .,,... e1n• to .. Wl....C "1 t• faet oft• 

1 

I 

.... n--- -.-.-~- ..... --, .~--·--· -- --- -- ,.,.,._ ·- ~,··· ----
- . .,. r•---· .-. .. - ..... ,- .. -:-~~---. ----~---· '\_ .. _,,. _____ .-' 



\ 

-
-6-

.~Nsence 'Jf live:rtock or related to •.tlllOspheric precipitation, in 

riv <1pp<lrent ""'ly. 

7he effect~v~ half-life of r131 ir che grass, obtained under 

'Jur experL~ental conditions in 1963 1 was in the magnitude of 5 days, 

:<Jntamination of the ~ilk 

The secretion curves observed in our experiments result from 

a combination of cxperim~ntal curves obtained in controlled sld'­

rour:d ings by various authors, and especially Lengemann< 2 >. 
The experi:nental curves described in the literature are of 

two types: 

a. Oral administration of a "single" or "unique" dose. Graph 10 

shows the concentration curve for rl31 in cow's milk obtained 

in this case. If we examine the upper curve (physical decay 

corrected), it seems that the half-life of rl31 in milk was about 

1.5 days during the 3 or 4 days followin~ administration of the 

radio-<?lement, so this period was about 3 days. However, accord-

ing to Glascock(J), this period of slow excretion only becomes 

apparent after 9 days instead of 3 or 4 ~ays. According to Loutit(7) 

this change in the slope of the excretior. curve was due, mainly, 

to the iodine combined with the protein11. 

b, l>aily oral administration of IJ.31 over a long period of time. 

Graph 11 shows the concentration curve for 1131 in cow's milk 

obtained in this so-called ''l'IU:.ti?le-dose" type 01~ experiment. 

The upper curve (physical decay correct~d) indicates that 

we approach an equilibrium with the cont~.minc:ted ration after 

about 7 days. 

These two types of experiment consti':ute relatively simple 

cases. In our tests, undertaken in natural surroundings, conditions 

I 
f 

t 
' 
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~r• 11111ch lua favorable than in tho•• above, for different p&N• 

naters cue into play •Dul taneoualy. . 

txamination of araph g 1howa an 1nteresti!li fact: cov (B), 

placed in the eontuinated pasture tMO d&y1 after he?' companiolla, 

did not show a pHk tor- Il31 Mcretion .tn her •ilk. One expla•­

tion, which r.quire1 v.ritication in future te1t1, waa that the 

tlJl r.tained by the plant VH ln<;:orporated &nd Htabolized, 

which could rNke it lHa available for the 1ni1Ml than the tl31 

in freshly •prayed solution. 

On the other band, ve not• that the secretion curve• ahov 

fluctuation• Which, 1n 1eneNl, occur ailllultaneoualy for all 

three cows. The Z'iaH oblerv.d could haft rHulted troll an in• 

crease in the apecitic activity ot the ara•• follovina uptake of 

xl31 depoaited in the ltaat". 

Al to tl3l actiYlty Mcret1d in thl 11lllc1 in percent of in• 

&Hted do .. , ar&Ph• 7 and I 1hov that the obaer"9d Yal\lea 111 

betVHD 0,22 and o.&\ of thl dally in&Hted dose pill' liter of 

aUJc. lle1ulta obtained dlll'ln& our 19&2 experilaenta were alao between 

the•• eactre••· 
MoNOV.Z', NIUl.ta fro• &Nph g 'llOuld .... to indicate that 

theN .ta no 111temat10 d1ff11'enoe between aomin& tnd eveiaina 

treatments. 

UI. G!!!eNl Conclulione 

llelUlta concem.tna the excretion of 1131 lia •ilk az.e aliahtly Lo'llW thaa 

thoH found by other r•ea•U'Ohel'a<•>, 1f we conalder the ruulta Mlative to 

aecreted aotiv.tty expreeaed 11 a percent .. • of the ~eted •~tivit1. 

Val.u .. reported l\ur.f.na tM W!Adao•l• aoo.tdent, to whit that a d1poa1t100 

ot o.1t 11 1u1,.2 on tha sra11 hi• produced •ilk oontalnins o.Ms llCi 11u,,, 

--­
......... --.r- - ... --. -- ---

~ ~...---- -- - ~ - . 
-..- ---·---~-
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been obser'19d durina our l 962 expertimeno. Maxiaua value• WI'• 

0056 uCi r13l/t for a deposition of 0.1 uC/m2, whlch COl'l'e9PC1Sded to 

' .022i. uci 1131/t for a deposition of o ... uC1/m2, 

In 19631 the lll&XilllulD ObHl'Vld V&l\11 WH 0,02 .. uCi rl31/1 for a 

deposition of 0,62 uci r131tm2 , and a specific activity of tha II'• .. of 

0.11 ~Ci rl31/lc:i of dry .. t1ri&l. 

Two reasons could bl advanced to upldn thi9 d1ff1rac11 

a. The WindSC4le accident occurred in October, that 1a to uy at a tilll of 

year vhen the crass is no longer Jl'OVUI very •uch ad 1a 1111 thick (lit 

dry material/ml>, which lead• to a hi&ber specific act!Yity tbllD 1D our 

1xperi1Ynta ude iD the .-r and at the atart of autumn. 

K b. While the cheillc&l md physical 11atuN of the zl3l •ittld dur!D& the .. 

) \ ,. 
,1 
; : 

Wind.scale accidellt is uncertaiD, there ••not W)ft tbllD 5\ of activity 

collected near !Dstalladoos aMOC!ated witb puoticlH larpr tbllD a 

micron<l>, lloreower, results ol:ltaiDld by diffeNat •tboda haft illdi· 

cated that 80\ of the activity due to 1131 •• retained in the are••· 
MoreoYer the work of Thallla• (8) md Challblrlain(g) and otbeN, have 

ahovn that faetora of acc-uat !on 1D plata for iodlM in vapor for. 

could bl very !Jlporunt. But 1D our expezo!JMats w have ccmtuinated 

the pasture with 1131 1D fi!'.lely at0111.ud equ.aua IOllltioD. 

The ahape of the MCNtioD CUl"YH ha• •hoND ua tbat lecoDdary phenw 

pl'O~bly inte1"Ybe, 9UCh .. , llOdlficadm with tilll of the foi. of zl3l in 

tha plant, vaahins away by rain, and taJcin& up the 1131 qain fl'Oll the -..t•, 
Tha .. factor• chould be studiad Mp ... taly by expeioae11ta l&lldel' OOQ• 

tl"Olllld CODd1t!on•• 

"\,\' 
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' TABLE I - DIRECT RETCITION or 1131 BY QRASS 

Activity ot Harveaud 
y 

'!leposited Retained in :fatt: 
Activity Grass Harvested of ~ 

'.late 11Ci 1131/r.12 11Ci I /m Ci I /k MS Part lte:Mrka s c: 

6/14/62 I), 043(") 0 ... 2 x 10-2 0,026 9,7 <*>Ballnce of 1131 1 x 
uaed waa not ude 

0,043 o, 97 x 10-2 0,010 22.5 Hand Cut l IC " ... ... , .... . ,, 
7/19/62 0,10 1,60 >< 10-2 0,153 16.0 A•er. 

0.10 14,27 IC 10•2 0,073 •2.7 Hind Cut • IC 

9/7/62 0,045 0,02 IC 10•2 0,126 o ..... 

0,045 0,21 IC 10•2 0.017 •.6 Macbin• Cl&t l IC 

.. 9/25/62 0,085 0,09 IC 10•2 0,033 1,0 Machine Cut l IC 

s 10/1/62 0.10 0,58 IC 10•2 Q,388 s,8 Machin• Cut l lC 

AYer 

1 7/11/63 Q,62 0.12 o. 71 19,3 Hand Cut 10 IC 

2 8/12/63 112 3 ... ll'l 20,8 Hand Cut l x 

3 9/25/63 0,66 o.ao 1. 57 90,9 llalld Cut l )( 
(Hiah GMaa) 

'l 

O.H 0.09 1,17 13,6 Hand Cut l x 
(Low '1Maa) 
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Yach• 8: • 
Vache C: a ·."'" 

10
2 

.... -.:i~~~-,-~or--..,r-~~..,...~-r-~r--.~-..~--~.-
21,, 23 25 27 21 31 I ' - IO -12 14 

on lamination 

traphlqu. I 

Acliv•I• ..-.cifique ... r--. . ..,. )eut de le con-lncltioft 

0,072 11 Cl 1• I .. -llw• atcM 
0,0IZ 11 Cl I,./•' 

temps~ 

pc.I 131 /I lait (ramenf au jour cle la contaminalionl 

Trail• du matin A I H A: I 

Trail• du aoir a 11 H Yach• 8: • 
C:a 

, . .,. 
I 10 11 12 13 14 II II 17 11 \I 20 11 U19 Qewtl 

Contamination. Mill •n patur•1 vach .. A & C 
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