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ccmtaminat ion of milk after an accidmtal ammoapharic fallout of fodfno-131J

R. J. Kkhsann, R. R. 2oulmgar

wdhact iw contdnatim ~ gamus =dias” Saalay qWOSi109

Novmmbsr 12-16, 1%3.

1, Mroduct ion

Ono of the WSYSin which contamination of the atmosphere cam occur is a

reactor accident, which was the caaa at Windmcalo (G. B. ) fII October, 1957.

This accidant, during which it has been ●stfmatad (1) t~t 27,000 CUSiO*

of 1131 and other red ioelwsemts warm amittod into t ho atmospho~, has rmvoalmd

tlat, from the vfwpoint of tho food chain, on. of tho mat important of tha

fission products in the caae of a nactor incident WM twdfoactivm fodino, 113L,

This conclusion cannot be denied when we cmaider, ●specially: the

f iaaion yield (3,1%), ths very high absorption factor (af = 1.6)(2) ●fter fn-

geation by ths animal, the secretion rate in milk, and finally the half-lifo

(8.05 daya) which permits it to bm transferred from the animal to man.

!’!ilk,a major part of the diet of yOUII~infants, ia themaincarrhr of

1131,

Tht inatallationa at theCentrm d ‘Etude do 1 lEnergie Nuclaairm ●t Nol,

●re located in a region where thmujor agricultural manure. is dairy pm.

ducts~ two tkusand preduoors delfvmr to 3 dairiaa, located ●t least LO km

frum nuclear inmtal~ationa. In a oirde of 1S Ionradiua, the animal ●mthated

pmduat ion ham been 7S mill h liters in 1962, ●bout 20% of which US8 mold ●s

milk for conwnpt ion.
.

Two aoriea of ●xparimants, mad. fn 1%2 and 1963, havs’bmem dom~ wider

natural candithna in order to obtain awsult a valid to t ha agrhmlturml pur-

aufta of this region, Thase tomts●ablod ua to vm~ify if th~ figures Wa-
.

tk to ooncantrst ion of 1131 in milk~ cxtabliahad during thmWfndmcaJo ●ccitmt

war. ●lso valid for the Ngion ●djacant to the C.&,N.
“. ,..

..’. , ., . ,,. ‘i. . .. .:,/, ,.

. ...- }
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TkaQ •Wcr~ntS am also aimad at f~i8htig htfo-th ou tk bflwM

f such factors as: height and nature of thepastureD seswn during which con-

F
. . -. .

t-imt ion ocms, meteorological conditions (OSPOCiSUY rain)o

i

.— -

11. Experimental Omditions

For t h- t-at a done in 1962, we have used a p~ent pS8tUra for 3 COU8S

. .

the pasture divided into 6 eactiona of about20 acres ●achO ●ccording to tbs

so-celled “retati~” method. This procedural aethcd, standsni in developing

agricultural operations, has had the consaquenco that the height ef the pss-

turege at the time of caatemiuaticm wea different for ●ob of the sectims.
‘,, ,
,,\. 4-,*

., .,
. In 1963 our tasta were med. in a %eapors@ type DOS*W of ●ixed fbsw

For the fbst OXP@iIIIOOt, w phCOd each Of thO CONSill SU illdiddlld ~ SBd

fad it daily a knom ration of contam~t.d ~ss. IrI tk ggco~ qkt,

the cows pastured freely in en uncoatsaiaated meadow, h eeoh day we gave

them a small, km- quentity of fxush, highly ccntaafoated graes.

Ths cattle used ara of thetypecoaon Ia Csnpine; we tnva selected owr

diffamnt cows according to their silk Preductti so ●a to obtain UXimm in.

dividu.sl diffe-ncea.

Tho radio-iodine used -s eleuntary IIU, carrier-free in CH3C~OH

solution (for certain expmimenta, the aolutica also contained 3*M $%).

This mother Solutim ia t~ dilut.d with deafnoralisad mtar (1x1OOO)

before being ●tcdsed.

Meteorological conditions daily XUcord (t-peNture8 in the sunUM

in shsda, relative humidity, and rafnfall ) la kept.

Conduct ion of the Experiments

Contamination

7ha radiosctlvo solutica la aprayad by moss of ● hand aprwyw

●quipped with ● row of four baakst -nted at ● dad whioh ic pulbd

by ● jaep, Pcraoaaol waar ●nti-gas aaako, rubbar gloves &td boots
~

,.”.

“, ,.,-,,.
,,,.. ., d..:.,.,.,,,t,’!. ..

“b
,,’.

\ !,

.— .-
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d~ ing t ha traatmwt. Ths PQraonnd go through an installation

for acasurfng ingested g- radlatim

●fter each axwimant dmhs which tha

activity of tho thyro~ gland has bean

baforo and ●bo@ 24 M@.

radio-iodfno ia 9p9Ay@d} no

detected in than paraons,

Grass: Hand-mowing or us. of ● mtorlaad cutter, actilflg

to the type of ●xperiment and the aurfac. to be M@ad, with

removal of a aurfece greater thaoor qual to 1 *2.

~ Milking twice daily (8 and 18 tin), which is preaesst

practice on the fwm.

Treatment and !4eaaurament of the *vh8

W The hSrVOSt is weighed, then en al fquot is ov- dried

to determine the quantity of dry grass material per unit of

surface.

Ue introduce 500 g of fresh meteAal ioto a baswatic

flask (3 E), special for g- ●peotsemetry, aod add 10 ti of

fonsaldehyde to atop -y fementat ioo.

Milk: Production - aach milking is measured; w take 3

liters, to which w add 10 ti of fomaldehyio aa praeaw~

ag~t. HU~ t b -t~-l a- Speotrontry ia

dooe ●s aom ●s poaaible. for tha raaaom gives above.

Results

Contamillatias of the almss

Direct swteatfoo: the na~ t of 1131 b the ●h @ad

part (sowed or cut) has 18t ua oalculate the percentage of tba

atomized 1131 d~ly retafaed in thh partof tln plant. the

resultsobtafnad asw $hom h Tab& I.

,

-.,, ,.,. . . #f ,, - ,,”

.,,, .

‘, ’,. ..,,

I
,. ‘“’

) ,,

. ... . .-, ,>.,-. .
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during t~e firm OXperknt (1’363)md S.0 $0.93 dAys dwisg onpml-

aant ? (1263 ) ; t ha ~~~~dtig bklogf@ tsLf .lf~~ ~t~~tiwly,

10.2 :2 ddYS and 23.5 &4,3 &y@.

Contamination of the Milk

Tim required f5r the ap~~o@ Of 1131 ●S a fulotioll Of thO

mm-it of conteminat ica 1 &eph 3 ahowa tho cvolutioa of tb rolativo

concentrateion of 1131s in relatfcm to tho maxti obeerwd -O as

● function Of t!nmaent of tha+ h which tmt~i08ti~ ~.

In our teets, s ha- ●setmed that placing theZivoetocku ●

predeteramied time in a cmtemiaetod pa$twre -s ●qwiwlant at this

~t to a pestw.w occupied by tho livestook,

●. 1131 activity ~ed in ttm ●ilk: Slupe Of the deCNtti

cwrws: Plecins 3 cows (A,B,C) h oaxamfmted pasturo in JUM*

Jw3y, and %wemlur, 1%2, MS SSWIUad milk wits 1131 ~emt

per liter d9 showI h SWh9 *. s, aOd 6.

Rainfall (deto and height in a) is also damn ia tln

~phe.

The aecretfoa curves obtahnd la thm spafal cases of the

first two •x~rfnnts & 1%3 ●m @?ea in gmpha 1 and 2.

b. 1131 activity h milk, expwud in ~caot of the ~dl.y fn.

@stool act ivity. L3ivw the ~mt ical iapoasibfl it y of dctu-

sfnfng the quaatity of fzwsh .PWJ8 COUBUM +3d!r by each af tho

tow, !nth caao of ths ftw, pamtua9 qwhent. WQ mad. h 1363

.

.—
-.
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,;~ wco of I i~$tock or =J=ed to ‘tmo@eric p~cb~tati% ~

.lnv apparent ‘-Y.

The effectiwc half-life of 1131 b the grass, obtain~d under

~ur experimental conditions in 1963, was in the megnitude of 5 deye.

:mtaminat ion Of the Yilk

The secret ion curves observed in our experiments result

a combinat ion of experimental curves obtained in controlled

round ings by various authors , and especially Lengernsnn(2~.

two

a.

b.

The experimental curves described in the literature are

types:

fmm

sbr -

Of

Oral administrateion of a ‘~stigle~ior ‘t~iquet~d~se, Graph 10

shows the concentrateion curve for 1131 in cou~s milk obtainad

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

corrected ),it seems tlwt the helf-llfe of 1131 in milk was about

1.5 days during the 3 or 4 days fol.lowhg administrateion of the

~adio~lement, so this period was about 3 days. tbwever, accord-

ing to Glascock(3’, this period of slow excret ion only becomes

apparent after 9 days instead of 3 or 4 days. According to kwtit(7 )

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

to the iodine combined with the proteins.

Oaily oral administrateion of 1~-31over a long period of time.

Graph 11 shows the concentrateLon curve for 1131 in cow’s milk

obtained in this so-called “rd.t i?la-doset~ type of experiment ●

The upper curve (phyeical decay correctod ! indicates that

we approach an equilibrium with the contaminated ration after

shout 7 days.

rhase two typee of exparfment const i?uta rslat fvely simple

casee. In our tests, undertaken in netural surroundings, conditions

. .

. .. . .
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uar~ much 10S8 faVOrable than fn thos, abOV@, b diffcmt ~-

natara cam into play dmltanacua.ly.

Examinat ion of graph 6 shows an fnt~raet i- fsct; 00W (B),

placed in tha contaminatti pawu~ two days after hcr Coapaciocc$

did not show ● peak for 1131 sacration fa ham milk. @s axplaa.

t ion, uhich xwquims vwifiaat irm io futuzq t.ata, was ttnttha

1131IWdnad by tho plant was iUGOPpONt@ and aatabclimd,

which could maka it 10SO ●/afia)&O for tha animal than tha 1131

in freshly eprayad aolut ion.

On tho othr hand, xg ~tg t~t th~ aacmt ion curva$ abw

fluctuatbna which, in goMral, ocm sfmultanaoutiy for all

thrao cow. Tha rig.. obaarvad could hava raaultd fnom an im-

craaso in tha ●paoffic ●otivit y of t ha grass followfnc uptaka of

1131 dopositod b tha %aat”,

As to 1131 atilv~ty ~c~t~d ~ th. ~~k, ~ p,~~nt of &

~-tad do-, @wpho 7 and 8 show that tha obmxwad V4h0S lio

ktuaao 0,22 and 0,6~ of thg daily ingeatad dom par Mtw of

milk. Rosulta obtainad during our 1962 axpariaants uam alma batuaan

thaao Wtrana.

)lwwovw, naulta from gmph U would sw to indicate that

tham la ao ●yatantat ia dlffgmeg bstnan mm ingand •vaai~

tmatmanta.

111. 0an4 ral Coaolu8fon~

Rmults concaming tha ●xarat ion of IIU Ln milk ara slightly Leuom than

thoaa found by othar mmaraharo(e’, if w concidw tha result 8 ?4ativa te

8scratad ●ativity oxywsad 4s ● pamwmgc of tht h@at8d @CtiWity.

Values mpoatod duriag tha Wladaoal, aoeidant, to whit that a dtpaait im

of 0.4 B 1131/a2 on rho @was haa ptwduod Wk aoatafning 0,0$S Ni #U/t,

-. -q!.-

,. -.,., ---- -- ------’
‘t

,,

.
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naxiulm vuua8 W*

I
005G “ci 1131/L for a dwpositi~ of 0.1 uC/m2, whfoh oowQapMdod to

,0224 uCi 113L/t fOF a dopositia) Of 0,4 Ucf/132,

10 1!%3. tb -hum Obaarvod VSiUS was 0.024 uCi 1131/t for ●

deposition Of 0.62 uci 1131/m2, and ● ●pacifiu●tfvity of tba grassof

0.77 uCi IL3=/@ of dry material.

a.

b.

TWOrsaaoos could ba advancad to axplaln this dif fwanca;

Tha Windacaloaccidant occurrad in Octobar, that is to My ●t ● ti,oof

ysar whaa tha grass 5* no lmgcr wwing vary ●oh and is 1.s8 thick (h

dry mtar W& ), which laads to ● Mgbar apacific activity ttmn b our

OXpariumnts Oalk ill ttn ~ and ●t tba startof ●utum.

UMle tba Cbadca.1 aid physical oatum Of tba 1131 a,ittod durio~ tbo

wiIadsc&ls4●ccfdan is Uocartain, tbara lms not nom tbsn St of activity

collsctad n- ioatallarims ●asociatod with ~fclos largar tbsn ●

I!4iclvn(l ) . I!OXWVW, rasu.lts Obt~~ by diff~ ntboda bavai?ldi-

catadthat8tiof ttnactivity due to 1131 waa rathfnod in tba $rass.

Moraovar ttm -k of T-s ‘8) ad Cbaalmrlafa(g) md otbara, Iuva

Sbwa tlmt factors of ●ccumu3ationillphts foe iodim in V8por fom

could ba vary iaportant. L!ut in our axpmfmota wc Iwo amtaafaat~

t ha paaturo with 1131 io fiaely atodaod bquaous 8olut iah

tba Sbspa of tlm ucratioa Curvms b@* Shorn us that Hoo81dary p~

probauy iotarvaaa , tush ●#I aodfficstioo with tin of tbc fotm of xl= IJJ

tha plant, wamhing●wq by Mfn, amd tak~ Up tbs

Tbaso factors abould ba studiad sopcratoly by

ttvlladconditions.

. .. ----
-n - . . .---------- -... .- ---

11= 4aio from tha %at”,

@xP8Ff80ataund,r oon-

-.
- .-.. ----- .,.-. -:. - -- ‘

.. . . . . .. --,--- ------ .,-’ .
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1

2

3

?ate

6/14/62

7/19/62

9/7/62

. .
9/25/62

LO/1/62

7/U/63

8/12/63

9125/63

Deposited
Act ivity
lCi Ii31/n2

0,043(*)

0,0Q3

0.10

O*1O

0.0+5

0.045

0.085

0.10

0.62

112

0,66

0.66

Activity ot Narveotod

~Ci lLS~/m4

).42x 10-2

2.97x 10-2

L.60x 10-2

4,27 x 10-2

D.02 x 10-2

0.21 x 10-2

0,09 x 10-2

0,58 x 10-2

0,12

3.4

0,60

0,09

TABLE I - DIRECT RSTSNTIONOF 1131 BY GMSS

. 1ss
PCi xi~’flu MS

0,026

o* 010

0,153

0,073

0.126

0.017

0.033

0.388

o,n

119

1. s?

1,17

---”””

-4-

) DireO=Y
Lettined fm
Harveatod

Part

9,7

22. s

16.0

@2.7

0.44

Q.6

1.0

S.8

19,3

20.8

90,9

13,6

koaarks

(* )~~c. of 1131
used tms not made

Nand Cut

Nmd Cut

Nacbiae Cut

!kchiaa Cut

N~chino Cut

Hard cut

Nnnd Cut

Hlodcut
(H-h CmBB)

Hand Cut
(Lou Gr488)

Nat-c
of :
~

lx

lx

Aver

4X

lx

lx

lx
Aver

Lo x

lx

lx

lx

-. ---.... -,----
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Vache B, ●

.* vac~e c: E
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C:o

102

Contamination. MIs. wt paturot vaahos A ● C

.,- . -y ,. ~.,- ~ .,,.,,... . +



-W- . .. _,_. .. ...... -

.“.”; .
. . .

,., . . .
-w

Expdn ‘“2 (lets)
.

0.00

0.0001

,,

,

,

.,

i
i

4CIMM ●Gr*Me gax Ulrg ox hit /.

I .“
4xvivNixlg&~

.Ovoxlvxo

I

\

I

I,,
“, ,,. ,

, ,, ‘,,-
. ,.

. . . . . ,.

-. . .
,,

\,,

.

..”

.- . .. .. . . .. .. . .. . ,, -,1 ..-.,.., .,wL-_,,-..

‘.



.,

t

..

- ‘1!-
i

tiphiqua 9

.~ec:y corrected s+

0,3

0,05.J

O,c ;-i
:
f
-
-,
f

24$;

-,.

.

.
.

.

I

. . .. . . ..... ..r
‘.

.

; “4
.,,:, “.

i



- A@z--’- -L-!.K; . ..—.—...“.”--------- -- ..- _.,. ~. ... .+ ~ ,, .+.

. . ..

. . . ... . .

,.. ,-

,,

‘.

J. ::.:-..,

,,
\,. \., ,.,.,, .“ ,,4.7, ,... ..-

/, .,. ‘9

●

0,(

0,6

0,4

0,2

Decay notcorrected m

● b b &

2
1 I

4
1 #

6 08”10
#

i----

..
-—

. ~ays-

E
-—

,. > . ....... .. . ~..,,.7-,-,--.. ., .........---- ..... .. ... ‘-’ ...... ,,,.,..>
,. ,,,

‘.

‘.



,d-..., -. ,,

(1

(2

j ..
?“ \.’

\

(3)

(4)

(5)

(6

(7

(8)

I (9)

-----= --’
. .

-16-

B13UOGRAPHY

,,
.. .

‘L.,+.

,,. .
,

,,

C1L414WRLAIK, A. C. -

“!kaposition of Iodine-131 in Nortlmrm England in Octolxsr 1957” - ~M 1959s
Harwsll.

LSNGENAVN, F. !4.and C. L. CO!4AR -

“The metablism of scme fission products by Farm Amimd.s” -FAol~o/1~
Seminar on the Agricultural and ?ublic Health Aspects of radioactive cOa-

taminarion in normal and eaergency situations. Scheveningen, 11-1S Oe--

ber, 1961.

GLASCOCK, R. F. -

J. 3airy Res., ~, 318 (1954)

GARNIIR, R. J. and H. G. JONES -

J. Agric. Sci., ~, 387 (1?60)

Accident at Windscale, :40.1 Pi’-eOn ~Oth ~cto~rt 1957 -

G.3.A.E.0, Cnnd 332 - Her !4ajesty’s Stationery Office, London. 1958

LENGE!UW, ?. ‘4.and SWANSON, C. W. -

J. ~airy :ci., UQ, 216 (;-357)

LCW1’IT, J. F. -

ll~et,a~~ism of %dicnuclides ti ‘=” - ‘AO/WiO/IASA Seminar on the Agri-

cult,mal and Public !+eal=h tAs?ectsof %sdioactive Contamination in Nor-
mal 2nd E~5rgency Situations. Sc!mveningen, 11-15 %cember, 1961.

THOMAS, Y. D. -

“Gas ?anag% .‘o ?larts” - Ann. Rsv. Plant ?hysiol. ~, 2g~-322 (1951)

CHAMBERLAIN, A. C. and ‘..c. WJ3~IC~ -

“9eoosition of airborne wdioioiine vapor” - !lucleonics, ~, 22-24 (19S3)

..

/

---
.

,, . . $.; . .
. . ,..’. .

,/,


