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RAIN FROM SCUTH AND SNJW FIDll NORTH* 

Yasuo Jliyake 

/.JS ~ result o! the explosion of the hydrogen bor.b at Bikini, many places 
in Japan had rain contaminated with artificial radioactivitie~ since Uay 14. 
It continued until September and rnateri:U like drink water, vegetable, tea 
and :milk had been contaminated to the fear of people. Though the rain in 
Japan was expected not to ccrr; the radioactivity any more beyond the middle 
of Septe~ber because of the change in the distrjbution of atmospheric pressure, 
districts of Tohoku and Hokuriku began to have the radio&ctive rain this time 
made in Russia. Thus Japan is now exposed to the ash of death fron the both 
sides. 

In the above, we have classified the radioactive rains simply into t~~t com­
ing from Bikini and from Th;ssia, We shall expltln in the follcndng on what 
scientific cc.::;is this judgr:ient is It.C.de. D:.;p:~t:-:isnt of En~rgy 

L·· • • ' O'':ce rdStC~•ar: s til 
Detection of Atomic Explosioni 

?.HCHl\'ES 

It is one of t~e secrets of a country how it detects the atomic e.xplcsion 
oc o.irred in other countries. But one may be able to point out vc.rious pcssible 
YiO'JS of detection as follows: (1.) L11c·r:alous oscillation of &tl"'".NSJ='heric pressu::-e 
(2) t..no;:;alous vibration of the surface of the ocean (tidal wave in S!!:all scale) 
(.3) Wave of ecrthquake (4) Radicacti vity in 'Ll-ie c.tmosphere (5) F.2dioactive 
:-2in (6) L:c.r:..:= 1 y of the atm:;.::pheric eJ.ectrici ty. Sone of these F:ienor:,ena 
have in .f2ct "teen obser•ed in Jc.pa.Tl as a cor:seq"'Je:ice of t'he experi:::-.:::nts in 
the Bikini c.re a since last llc.rch. 

Or.e of theffi is the c.nos:::lous oscillation of at~c~he!'i.c pressure. Ur. li. 
Yc::.err.oto of t:C.e Dep2r ...... 'Jent of :Meteorology o: Kyoto 'Gni-;ersi ty noticed 1-hat 
::0-:e sens11.ive ·:::c.ro.:.::ter at S!:ic-no-::isc.ki :r-e:o::"::e:. Ci.'i 21").::r::=.lous cscillc.tion 
.::evero.l :ir::E:S Since hlc__-ch 1 2n::. intey;::re-ve::: it ~ C. r·:;e:-.:;r:.er:on C'J.C: to t!'-.e 
EXpe:-ir:ient of the hydro gen bow.b. J:..ft e::-;;- arcs, the re cores o: Ccror:eters fre:r;-. 
v&rious districts of Japan v.ere put toget::.er, fro:!. w!:ich t!-.e c:..::-.-es of :5'ig. 1 
v.ere obtained showing the variation of the inticl ti~es fro~ place to plc.ce 
when the ano-:::1 ous oscillation of atr:cspr.e:re ocC".:.rred. Fror:: L'1ese curves, it 
::.s found tr.at ~he velocity of the c.r.a::.clry.is press-.!I"e wave is 285 ~/sec. on 
tr.e a·.rerc.ge, -"r-,ich is sor;-,c;r.'hat slc,r;e:r thc.n the ve:.ocit:; o: sc"".lnd. Cc.lc-..:lc~ing 

fro::. this val1;e, the dates of the a:q::erir:;;;:ots C..rE: estjr-::ted to be: 
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Uarch 1 

'March 27 

April 26 

May 5 

3:h5 A.M. 

3:30 A.ll. 

3:04 A.M. 

3:03 A.M. 

by the Japanese Standard Time. (The accuracy is ± 5 min.) 

The next evidence is the anowalous vibration of the surface of sea •. The 
tidal indicator of the observation points on the Pacific coast detected "the 
tid2l waves c.sc:sed by the explosion of hydrogen bomb. This wave arrived at 
the Jap211ese coast about one hour and a half later than the anomalous 
atmospheric oscillation. (See Fig. 2). 

P.~dioactivity in the Atrrosphere -- Thirdly, the radioactivity is observed 
in the ci.r as --r..ell <15 in the rainwater. llr. T. Shiok2Ra of Shizuoka Univer­
sity have been ceasuring the radioactivity of the ash which is obt2.i.ned by 
burning a vaseline-coated paper (30cmx30cm) exposed to the air on the roof. 
He observed a radioactivity of 750 cpm from a paper Yihich 1•1as exposed out­
doors from 1.'.ay 13 to Uay 16. Ueanwhile, at Kagoshirr;a, Ur. :t!. Kc.,.-::atr:i. of 
Kagoshima University observed a radioactivity of Looo cpm/l in the rain of 
1.'.ay 11. Then Mr. T. Shidei of Kyoto University observed on 11.ay 16 a strik­
ing amount of radioactivity (86,0JO cpm/l) in the rain. Ynereafter the 
ra.in began to show strong radioactive contc.rr.ination at ffia11J' places on the 
Facii'ic cc2st. 

Judging from the data obtained by the baro::-eters and the tidal i~~icators, 
the explosion on 1~.cy 5 is t.'tie one closest to the middle of 'J.ey when the 
r2dic2cti ve rain 2ss2!1 to fall o·:er Jc:;:c.n. This is just the begirming of 
"t.suyu 11 (r;:,ir~- s e2son) of this ye2r. If one studies the c:ition of the air 
D2ss at this tir:.e, one will fi:-id tr.at the air r:;ass c.rou..TJd BH:ini goes round 
the rim of the z:me of high ai:.::-csphe:cic p:::-essiire in the north r2cific, 
a::-rives at sou.thern Japan tr_rc-.:g::i P!-:ilippi:.es and ?ol"'IT.osa, ani forms the 
11 tsi.:yu 11 fr.Jnt line to pour- t::e r2-.:'..r. thi::re. Since it t2kes 2bout c. neek for 
the air r::c.ss to ~Lrc.vel fro:-:! 3j ~::in::. tc J ap211, iL rtill be aro'.rnd uay 13 or 
lL t":-.2t t:-.e r-c::=.i::::2:::tive subst<0..1ces :;::-o::·-.lcE::d. by :.::,e U2y 5 w:plosicn o.r!'ives 
a.t J c~c.r:. (F:_g. 3). The r::e2s~..::--e=ent cf tt.e h2lfl-; ~'"'e ct tI'.a.t ti=e !:~so 
i~-dicctes ttc..:, the explosion too}: place c.'Jout 7 or E1 da:,·s c..go. 

?-c::-:,h;::::--xre, it was clearly shrnrn that the r2iioactivi~- in the r=:.in, since 
~'CJ·, h2d [e;er: .s-"~ronger on the P2cific coas:. tha.'1 on t!-,e Japan Sea side by 
c:_n c re ey c: =-2 E=~: :,"C. de. 
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By chemical analysis of the rad~oactiye rain~ the existence of the follow­
ing elements are detected: Bal.40, Sr~9 zr9~, Nb95 y91 Lal40 rl31 

132 , ' , , , 
I , rl33, Te1 29 (m), arrl u237. According to Yr. Yokoyama of Tokyo University 
considerable amount of the trans-uranium element Np239 (half-life 2.3 days) 
seems to exist in the rain. On the basis of these observations, it may be 
concluded that the radioactive rain of middle May results mainly from the 
Bikini experil:Jent of May 5. The half-life of the radioactivity observed in 
the rain had become longer and longer aftenrards. In mid-September rain of 
several hundred cpm/l had been observed in Tokyo, the half-life of ~hicb being 
about 60 days. 

Members of Miyake laboratory of the ~eteorological Institute collected the 
radioactive substances in the air using an airplane in cooperation with the 
tsahi-shinbun. They found an artificial radioactivity of o.S.-..2.0 x io-12curie/ra-3 
on the averaee in the atmosphere lO(X) m to 3000 m above sea level. Further-
more, people of Ishii laboratory of the Ueteorological Institute tried to 
detect the artificial radioactivity in the high atmosphere making use of a 
radio-sonde. They observed radioactive deposits of 70 cpm on a rubber balloon 
(800 g in weight) which went up to 19 km above sea level. Most of the radio­
activity was found on the upper half of the balloon. 

Russian Experiment of Atomic Bomb .~:..-::- "~' i :; :_; 
'. : : ~ ~ . ~: ; ;: : . ~: 1: ; -'. ~ --- -

It r.as antidf-ated on the basis of vc.rious info~tion that RJssici1i e~eri­
r.ent of atomic boi:-:b would be held about the end of August. Thus careful·~ 
observation of barcffieter has been continued 211d the half-life of rc.dioactivity 
has been r:easured c.t each rainfall. 1;o defi.nite result hc.s been obtained 
until September 16 when Tass an.oounced that the experiment l';-c.s over. There 
T.-c:s hardly 2l1Y rno::::ent of relief, however, before the rain l'ihich fell in the 
districts of 'Tohoku and Roh-uriku in the ec.rly mrning of Septe::i:::Jer 19 was 
fc~nd to carr~ strcng c.rtificitl radioactivity. On Septesber 22, a record­
b::-saking amunt 124,080 cp::i/l of rcd.io2ctivity v.-as observed in the rain at 
Yc.--::;agata. J'.lst a"tout this t~e the T-y?'.-ioon No. 14 left Japan of'f Kc.shi:sr.-::c.ca 
in the early !!lornir.g of SeptE1ber 19 and., in turn, the dry c.nd cold air 
st:::-ea.med. into Japan fror: 1I2..ndn.:ria area. The rc.8.icactivity was foun:l c~ly 
in the re.in of Tohoku districts w:-,ich l'.-as s·..:.p:;:-l:i.e:l by the cold .::rent line 
.fc:;::::ied by that cold air. On the other h2n::i, t:-ie::-e v.2s 2-2.:::cst no ::-c:::ioacti·,·it.:r· 
i~ the rein Tt~ict belonged to the n~r=. :rent l~ne on the Fccif~c cccst. It 
is tht:s clear that the soi..:rce of this ra:iioactivity is not i:i EiJ.:ini rr..:.t lies 
in sooe place to the north of Japan. (See Figs. 4 2.IlC 5). 

Tf,e source of the cold air which c~e upon Tohoku aroun::i Sept. lS: can be 
tr2ced tack a.long the stre21:! line, r.ri.ich :;::c.sses t!·..rough 1.:Cnchuria c.nd the 
,·icini ty of th~ .Sc:yktl lake, to the ce::it.rtl o::- no::-thec:stern part cf S:.ce::-ia. 
It IU.i.ght th'J.s be S"' .. r;)posed th2t the E.X.::e::-iI:ent r.-a.s done so~er.here ir-1 n=.,rth­
eastern Siberia o::- Arctic co:?.St. 
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In this case, the anomalous oscillation of the atmospheric pressure was 
not observed. This mieht indicate ~~at it is rather an experiment of a 
large atomic oomb rather than the real hydrogen bomb. The half-life of the 
radioactivity observed after September 19 is short, being of the ortler of 
7 to 10 days. Of course, this simply means that the explosion occurred 
very recently and not that the Russian bomb is made of radioactive substance 
of shorter half-lives. By the way, as is seen in Fig. 6, the air mass to 
the north of Japan receded north•ards around September 25 and the air flO'l'l'ed 
to Japan from the south. It is interesting to notice that the amount of 
radioactivity carried by the rain decreased quite appreciably during this 
period. 

The result of chemical analysis shows that this rain involves the artifi­
cial radioactivity consisting of nearly the S21!le elements as that made in 
Bikini. As mentioned before, this case is contrasted to the B1kini case 
in the sense that the radioactivity o.ppe ared only in the Tohoku district 
and the Japan sea coast and not on the Paci.fie coast. On the basis of the 
above information, it y,as concluded that the radioactive rain reported after 
September 19 was produced in R~ssia. 

Dangerous Radioactive Snow 

Department of Energy 
Historiar.'s O~fice · 

t.RCl·:~\:ES 

It may be a troublesome problem if the R:.issia..,-~ade radioactive rain turns 
into snon and falls on the Tohoku and Hokuriku districts 1'ihich are the 
places suffer;ng a::inually from heavy snor.-fall. It is not kncwn how long 
the Russian radioactivity rill rer::;ain to stain the rain or snow, but in 
view of UJe Bikini c2se, it r:.o.y be expected that the radioactive rain of 
several hundred cpm/l will be observed for 2 co!Jsiderable period. 

It is well knoTin in the case of natural radic2ctivity that the snow is a 
better collector of radioactive st:'::.s:-a.ri:::es in the atrJospht::re than the r2in. 
This is due to the fact tr.at the snc71flake goes dv'l'.n slo-r•1er in the tir than 
the rai!1drop. Th:1s, when the contc.....-:cination of the air is of the sc_r::e order, 
the snow will beco;;:.e more rc:i.ioactiYe thc.n the r2in. 

Usually 6o to 70% of the rai:i wate::- esca.pes directly int.o t."1-ie river. On the 
other hc.nd the snow will stay on t:"?.e [;rot::id for a. long ti'"'e 2nd ha.\·e a 
larger probability to silli: intc the soil. Thc:.:gI'. it is very un::.ike:=..y, 
people in the snCJ'ilY districts ci&ht happen to be exposed to the ra:::ii:::acti vi ty 
ever 2 long period, if the snow f tlls with st:-c::lg radioac'L.i vi ty. 'lnere is 
2lso c. possibility that the water of rivers ba:::ou;e radioactive when the 
snow melts and cont2Itinates the water for ci.rink as" ell as the 1'ater in 
shallc-li cays a.long the coasts resuJ.-:ing in c. cc:..!::.2.ge to the sea prc:Jucts. 
The r.cst dange:-v'.1~ of e:.11 'is, hoY;ever, the cc..se ~-;-!:ere t!-:.e snow i:..sel: is 
used for C.rilli:ing a....'1d cool-:ing -,fhich is li:..::ely to occ'..ir ir.. t!1e rr.::: t:!i"....=..in 
districts.. Tf-.e only practical r::et.:'ioC. a·:ail;;:t:le ~ S'..lC~ cc.ses will be to 
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use some effective filter which ~akes use of, for instance, the diatomaceous 
earth. 

Yor the present, there may probably be no danger of the radioactive snow. 
Ho~ever, it will never be too early to begin the study of the measures to 
meet the possible radioactive snows 'Which might be produced by future atomic 
explosions. 

- 5 -



.-

SUlJMARY OF 11EFIBCT OF THE HYDIDGEN BJL!B EXPIDSION ON THE RICE MV VEGETABLES"* 

Toroji Eg81'fa 

. 
A. Vegetables 

1. The artificial radioactivity of vegetables ~as measured after Sept. 10, 
Some of the vegetables show considerable 21Ilount of trace of artificial 
radioactivity. At the end of June, the half-life of the radioactivity 
...-as estimated to be of the order of 30 days. (no measurement of half­
life was done since then.) It is re:r..arkabla that some vegetables still 
show high counting rate in spite of the time interval of 4 nonths since 
the last explosion. 

2. In general, it is the stem and leaf tnat give high ~ounts. Therefore, 
attention should be paid to those vegetables whose leav·es are used as 
food. 

3. There is hardly any radioactivity in the fruits or seeds "i'ihich ripened 
in recent time, 

h. It is- difficult to detemine l'i'hether these radioactive substances are 
simply external or absorbed in the body. 

. 
B. Wheat and Barley - ~. 

' '. . 

1. Of the ~~-he at an::i barley harvested in 1952 a.'Y.i 1953, no a.Tti.fi ci al 
r2dioactivity was observed except for 2 cases (10 in all). 

2. The reason for contaT'li..'1ation of these 2 cases is unkno"'l'fU 2nd is being 
restudied, 

3. The result of study on l'iheat and barley har.-ested in 1951 is cs follons: 

cases P..ighest C::.1c:.nt Lo-nes:. G:Junt ..!.\~e~e~e 

grain 16 l4 3 6 

stem 2.."1d leaf 13 33 9 23 

bran 8 38 18 28 

w~ere the urlit is ct/I!lin/10 gr. 

*printed in LJ_G_!...KlJ J.S_t_•n, Dece!tlter 195h. (S-.:::---=.2ri zed &. tr~slc.t.-ed ty 7cichiro 
Kir::ishita) 

~~~l.;~~ 
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h. The contamination of grains of wheat and barley may have somo significance 
since these are main food!! of the Jlp aneu. For iMtance, if one eats 
300 gr. of wheat ever-y d81 which is contaminated by 14 ct/min/lOgr. the 
radioactivity ruwunts to 420 counts which may not be an insignificant 
figure in view of the controversial safety limit of radiation hazard. 

C. Rice 

1. Rice of 1952 seems to be free from artificial radioactivity (one example 
only, Grain, chaff, and bran are investigated). 

2. Rice of 1953 has no artificial radioactivity. (2 examples). 

3. Three samples tested at Hokuriku agricultural exper:µnental station 
shows clearly the contamination of artificial radioactivity in the 
bran and chaff ·but no radioactivity in JX>lished rice grain, 

4. Two SEl!lples at Niigata agricultural experimental station h&ve hardly 
any artificial. radioactivity in the bran, and no trace at all in th a 
polished rice grain. 

I'-(' 
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ASH OF BIKINI AND ITS EFFLCTS ON JfLJU.AN BODY 

by 

H. Kakehi 

1. Introduction (omitted). 

2. Physical Properties of the Ashess 

According to the report of the fishermen of Fukuryu Maru, the ash 
began to come down about 3 hours after the hydrogen bomb explosion. 
It continued to fall about 5 hours at varying rates and covered the 
boat like the light snow that footprints were left on the deck as they 
walked around. 

The ash consists of light and "Frhi te grains of various size less 
than 1 E:J in di2meter. !Qcroscopic examination shows that they are 
amorphous and porous. It might be the fragment of the coralline sub­
stc.nce. (Fig. 1) Its radioactivity -r1as surprisingly strong and even a 
few grains of ash showed ten-thousands COlL'1tS per minute on !larch 16. 
The thickness of the absorber to reduce the intensity of radiation to 
a half (or the inverse of the absorption coefficient) is L7~/ci:;;2t.i~0.2rr.~.u 
for the-~ - ray and 5.51".:;i?b for thel - ray (l~arch 17). The radio2ut~graph 
of the f-ray from the ash is shown in Fig. 2. The half-life was 2r..>0ut 8 c~; s 
at first, but it is in these days (aoout .April 5) of the order of 18 deys. 
Extr2pol 2ting the d22J?ing curve of radioactivity observed c.ftcr 1ic:rch 17, 
the intensity of the ('- ray on the next day of the explosion (:.'.arch 2) 
is esti;-:-2teci to be 21.=iout 50 tir:ies lar£er than that of ~arch 17~ . · 5i'!'."ri.:];'8r 

lt b 
't . d f "'-h -.r ~t D .... --.i;: \.~~~,_.:.l 'JI ,...... ....., 

resu r:~y e oo 2ine or "· e a - ray oo. . . ..,,. _'. , . ~' 1,;·:r, .........._ \~1s-\.:.~.,·.1, s '"'"L. "' ..... 
,..,,. or• Jr"~ 

'I'ne cne;r:ical a..rialysis of the 2sh ha.s been performed at"·-~:4.~ir:2~ la~-
oratory (Depart:Lent e;f Che::.istry, Tokyo University). The res cl t !='J.b­
lished so f2J' is shonn in Table 1. There are several definitions of the 
htlf-li:fe a.ccording to the FC:.::t'ose 2s is shown below. The h~-life gi •e:::. 
in T2ble 1 is the pn:.-sicc.l ha.' f'-l.ile defined c.s the ;::eriod of t.i:::r:-= C'J.:ri:-i~ 

"l',!":ich t!".e aGClmt of a p2rtiC11l2.l' :r2dio2:::ti•·e isotope is re:::c::::sci tc J-,al: 
its i::ii tial value. The biolq~ic2l hc.lf-life is the ti::ie du::-:..nf ....-J-.i.ch t::-.-2 
2::.::!unt o:f' eler:ients deposi te.:: in sor:e r:;c.rt of the body dec:re2s~s tc r.2lf 
as a res·-".lt of 2ssi.J;::i.lation, dissimilation, alteration, excre~ion: etc. 
The effe :::tive hc.lS-lile is the tinE:: ciurinf; .... :::-.ich the ra.:J.ioacti vi ty of 
the depcsi ted radioisotope is re-:i'..lced to h2lf c.s 2 result of cor.:.'.:i::12tio:: 
o: the t71o e:.fects ~ntioned cbove. Ti-2..s is t~.E- quc.ntit:\- Ti!-.i::h ~-s~ be 
t?..ke:J a::::::our.t Of in diSCUSSiilg i:,'.-;e inj·_:ry p::-Od:l::e:J CY the ::-c.:::io2:..:-CiYe 
ele;;,e:::.s dsc:-0sited in the h-·~;::n co::!:;. 

* F::inted in Jo·..rrn2l oi' Jc.?a:i P2"-.:-~ici3.:1.:: S.ocie:,y, Vol. 31, J;o. 9 ('..'.<::>· .l., ;::C:~,\ ..... ,, . .,,,.. ..... ,, 
(7rcr..slcte:: by Toichiro :Eimshi ta.) 
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In T;;ble 2 the physical, biolo£ictil, and efft:cti ve half-li vcs of 
the main elements which are supposed to deposit in the human uody are 
given toeether with the organs in which they tend to deposit. 

As is evident from this, these elements have a tendency to deposit 
in the bone, thyroid, kidney and liver. There may be some rare earths 
which have not been detected yet. If they exist, they will also deposit 
in these organs. 

In the anirr.al experiments, the Bikini ash ~as given to the anieia.ls 
with the food and also by the hypodermic injection and then their auto­
radio graph was taken. The result is the same as that of Table 2. 
Especially, the deposit is found to be the largest in the bone. This 
is very imµirtant in connection with the problem of prognosis of the 
patients. 

The result up to ~arch 26 of qu211titative analysis waking use of 
the radioactivity of these element~ is shown in Table 3. (Kimura Lab.) 
To our slight relief in this unfortunate accident, nore than 50% of the 
radioactivity is found in the rare earths ~hile the amount of Sr90 is 
only of the order of 0.02%. The radioactive elements are absorbed in 
various Y;c.ys trirough the digestive or&2n, respiratory orgcn, skin, etc. 
The rate of acsorption of course depends on the elements 2.Ild the chemical 
coqJounds nhich they form. 

Clinical Froblec.s: '- r -
:_ .. 

r •. ···r-s 
••I l _,: 'o o a.-

Injury of patients of the Bikini accident has been ca~sed by the 
~2diation of the fallout in contrast to the ator<lc bonb ir.jury at 
Hire shi~•a and l:c f:O?S ?..ki. In the forDer, the injury is ca't:sed either by 
the irr2ciation of~- and~ - rays of fission products lcca.ted outside or 
on t:-ie s-·:::rface of tne body or by the irradi<0tion of speci2l O:'[c!1S such 
as the tcne, tl--,~,-:n:iid; kid__'1ey, a.n:J liver in -nhich the fission ~r0::'1::ts 
are cie;::c.<:i ted by ;-:;ea....--:s cf atsorption t:-,roc:gh t~,e resFirc.-t.c:--y C•:-,;2n 5 

ci:EcEti·ve o:-gc:..j sl:i-:1, etc. In t!-1e lc.tter} the De.in ca-..:se of tf'ie 
( ...... _...:;..; _.:......; -....-) ; ....... -=,--T"f ... i· c •ho ...... yr--5 .. ,..,....,:::) -c -~e ;r:.:.;...; -1 'M, .. '"'1e,...- .,...,..~..; _.:....:;,....._ 

..6.C.U-.G\..._L_.i -•l.J ....... -..,• ._. L. •• ._. t:: .... }-'V :.... ... - '-' I...~ --~...l..V...a.c....... .o..i'-"'-'J-. c:..! ..,.C:.·_.o..L.;::::...__._ •• 

t~ough ~~ere s2y be sc~e effec~s of the in~uced radia.ticn frc= i~s:ie 
c.r;.:i c-..:"t.s:i_2e of t.:-~e -~c:i::. J:r.:~s tf.e :J-:2:-ac:.cris~ic dc::_!be~ c:"" -::.r.~ ~:..=~~r~ 

a.sh lies in t~e ~act ~~a~ Lhe ~issi:~ ;roi~::ts rie~csit i~ s~:~ ~r~c~S 
'h . .. . -

2~ !. .. ~ oc::e, ~.....-.:.-:-u.::., 
. . . ... - . . ... 
!-~l:..::e:~· j 2~.:: _:_:.. -.--=~; ~:-:-..:;c..:..z.:.e - - -- - ._.... .. - . - .... :::....._ .. - --- - - = . ::: ~ j 

~·,e ~r1c:2-~ :~~.s: ~e~ y:hc.t rco.:::~c:: 1·:i~l :-"Er;,e:: ·,::.~:: -t.te s:-.e::-~- :: .... ::-.:~ 

f- o:-t/- :-c:.- =-~ c8so:-:e:: t:,- c. c-=2-:..., -.. ~.:.ct i~ c. ·_::-j,.:. o:~ L:-:-2 ::.:s. 

~~·~~:~~ =-~~ ~~= ;:~~:;~~~i;~~~~~~~~~:.: ~~~c ~;?~~~~~s ";~~: ~i=-~~-~~ _:-. 
=:.... ::-_ :_5 !-_ z..;::F::: :-.: :-

: :-.~~~t?- fCi=_CT:~ C..5 
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chromosor:ie, the change of penneability of the cell membrane, the 
suppression of cell-division, the decrease of leucocyte, the induction 
of the boil, death, etc. 

One of the most important facts about the biological effect of 
radiation is known as the law of Tribondeau-Bergony ~hich asserts that 
the cell is IIOst sensitive to the radiation when it is young and has 
the tendency of cell-division. For instance, in the human body, blood­
producing organs· (bone, spleen, lymphatic, etc.) and genital cells are 
IIOSt likely to be injured by radiation. 

The injury of radiation fro~ outside of the body may be classified 
into two categories. One is caused by the f- ray of fission products 
adhered to the skin. In this case, the skin turns to black, gives rise 
to bleb or fester, and the hair ffiay be los~ from the head. In fact, 
hands and faces of two patients who entered the Tokyo University Hospital 
on 1!arch 15 were black and had festers at some places. It v;as found by 
a Geiger counter that the radioactivity was strong at the head, ears, 
neck, ar9i ts, abdomen, sole, parts of hc.nds or feet beb·een the fingers 
or toes. The result of measurement by the miliroentgeno~eter (distance 
5 cm) is given in Table 4. The radioautograph of the hair is shown in 

Fig. 3. Oepeir\rncnt o'i t.:·~,"'~;;Y 
. Y . Jlido1ian's 0;·11v~ 

The other is caused by the o - rays of radioactive substance's Ci-\l'l[S 
adhered to the deck, cabin, fishing imple~ents, clothes, etc. Sir!'c~ the 
(- ray hc.s a large penetrating pm•er, it -,;ill irradiate the whole body arrl 
cause the change of blood (decrecse of leJcocyte), recurrent anemia, 
depilation, injury to the genital cells, hereditary chc....~ge, etc. 

As is well-known, we are incessc.ntly exposed to the cosmic-ray from 
the sky c.....rid the radiation of nati.:.ral radioactive substances like radium 
2nd redo:: from the ecrth. ;:ever:'.-,eless, we are mt injured by these 
radiatic::s, not to a visible extent at lee.st. This is due to the fact 
thc.t even the eA--posure on successive days hc.s no dc.;-::age i.f the 2..mount 
of irraC...:.. ation is less than a ce:-tain li_,.,-,-i t. T:-ie E2Xi.r::~ a.r::cunt which 
the h~§2..." body can tolerate is ca.lled. the perL..issible dose. The )nter­
n2tic:::tl society of radiology dete:r;:::-i ned that the r:-er.r::.issible dose is 
30-J rn..ilir~entgen per r.eek. People living on a boat c.re e.xpcsed to the 
rc:dia.tic~, at a.r~· tir:::;e so tr.at t::-:.e p-e:r-:--~.::si-:.;le c::se is 1.6 ;::r per DOli!". 

The inte::sity of r2Gia~ion or: tne ?-.ik'.;..:::.t:. ~:;__._c;. ~e2suree c.t Ya.iz.u on 
~a.rch 17 r.a.z 10......., 100 rrrr pe:- hou:- IYr.ich l'iC.S 5,...,50 tir.es t::e pe:-:::issible 
dose. 

In :-able 5, it is shar;n ho7; the ir:~,e::::sity C·f radia..tion chc.nges f::-c:::;;. 
p::..ace to ;'lace in the coat 2_'1::i her; it c'.-,;:::;es YO:'... th tir-.e. It i:: seen that 
c:. the a..-:erage the intensity dec:-.:::<0sed :.C c2out 28-30 % o: t!le vc.lue of 
1'.2rch 'l 7 2uring the period o: a ::-:::::th. Lf o:-ie esti:-=ates the :.ntensi ty 

· o: radic.:-ion on ~c.rch 2 fro::-. tJ-:e c:~~i'.":!§: c::rve, it is ab::iut 50 tiE:ces 
lc.rger t:C.<=.n that of ~rch 17. Ss·.·eral h8"...:.:'S a.f:-er the c..sh bega.n to 
cone de~ ;;;any fisher::Jen felt sick a.c:::. ::a=.-e vc:-:-..i ted. T['.is is the so--c2lled 



radiation crapulcnce. The esti~ated dose of radiation the fishermen received 
during the following two weeks is about 200 r. It is therefore not amazing 
that the bone and other organs suffered considerable injuries. 

Next, we shall discuss the most important problem, namely, the deposit 
of the radioactivity in the body. 

The outline of this problem lfaS given already when we referred to the 
chemical analysis of the ash. We shall therefore begin here with the 
survey of the animal experiments. The radioactive deposits in various 
organs of mice are measured 12 hours and LB hours after they were fed with 
the Bikini ash (fission products)(Tables 6 and 7 respectively). It is thus 
found that, though nost part passes by the digestive organs, some part is 
absorbed and deposits selectively in the bone, thyroid, kidney, and liver 
(Table 8). Vinen the fission product is given to the mice by hypodermic 
injection, it is found to deposit in the bone, thyroid, kidney, and liver 
in the same vray as above and excreted through the digestive organs and with 
the urine (Table 9). 

As to the patients, the radioactivity of the urine (15 cc) collected 
in a tube at the early dates l'.-as measured 2.nd the number of counts 
was found to be several times the backgrourrl counting. The same result is 
obtained for the concentrated urine. These are the evidences ~o!.:._~r~--·· _. _ 
deposit of the radioactivity in the patient's oody. ~r..,·c.; l;it .. :l <I 

":-:::,:~~i[_;-::~_ 

The radioactivity was also .cec.sured by a scintillation counter pl.iced -· 
ne;:rr the thyroid. In one case, the count was 8 ti~es that of the background 
on March 26 (see Fig. L) and 2 tiQes on ~pril 13. From the half-life and 
the 2bsorption curve of the '{-ray, it is pres'C.J:Jed that Il31 deposited in 
the thyroid. Similar conclusion is arri.-ed at for other patients, too. 

On the be.sis of the fc:ndamental o'::lse:r-v2tion cescribed above, ne shall 
discuss the cliri..ical syrQtoms. 

It is co::venient to cite the foll()l';"ir:g stater:.e:it published on April 14 
by the clinical su':::cor:::?mi ttee of the Cci.:ncil for the Inv-estit;ation of the 
J_~!:'ic Boob Sid:ness of the "Depc.rtr::.s:-,:, of ?-.iblic Weli' are in the r.a::ues of 
Tcshio , the Director of To~:yc l":-0.versity :!:::cs:;:i t2l, c.:i:i S"'-iige:-l·'Jbu 
[1.:Tiyarua, the vice Director of the F-_::-st S~c"e E::is;i "tal of 'I::.:};-::o: 

"On Uarch 28, five of the patients of 3iKi.ni accicent entered 
the Tokyo University Hospi t2.l (sever. in all becai.::.se twc rc.tients 
had been there already) and 16 p<0tients entered the First St2te 
P,ospital of Tokyo. Thoug .. h the deb=-ee of injc:.ry •c.rieC. fron 
person to ~rson, c.ll of the=: y;e::-e :o·..:.::-:i:. '-O t::; the pc.ti::;nts of 
the acute rc::iiation sicl:r:e.ss cue to :.:-:e :;:-c:dioactive ashes. 

"The radioactivity inside an:: out5iC.e of ths ::,c::z.- r>C..S 

high at the tir.ue of their e:.t:::-2-"Jce t.o the hcs:=-i t;:;\ s. 
decreased later on by ar. c.pprc:.p::-iate t::-ea-::::e:it. The 

cor.side:-ably 
3-..it it 

c:.;-:te.:1t cf 

1'ti 



radioactivity in the patient's urine has also been reduced very 
nru ch by now. 

nThe symptoms may be described separately for the external in­
juries to the body surface and the injuries to the organs, es­
pecially the blood producing organs. 

nAll patients suffered on the head and the upper half of the 
_body such external injuries as the depilation, de:i:osit of 
pigment, inflammation of the skin, ulcer, eruption with abcess 
and scab, and blister. They are recovering from these injuries 
by the treatment in the hospitals. But somP of them are still 
suffering from the depilation in wide area. 

"The injury to blood-producing orgc.ns "?;as observed as the decrease 
of blood count of leucocyte, granulocyte and red blood corpuscles 
as well as the decrease of the n\l.'.:lber of cells in the marrow. It 
was getting worse since they ~ere hospitalized. Especially, the 
blood co'.lnt of leucocyte fluctuc.ted aro~d 1000 per cubic rEilirneter 
and the number of narrow cells has been of the order of 10,000 per 
cubic milimeter in several cases. It was thus he~atologically 
diagr:osed to be the general acute sic-;.:ness of the ~arrO"iV. ,- . --r'j 

l --t (,)~ .. '·"·:; 
~::.r·-rJ\1v•1 •.. 

"In U:ese cases, in spite of the cr,ple blood tr.::-::sfusion cdiaJ:'..G~·ian~s c·,.ce 
use of pills for blood-production, the blood cc-..:nt of the'1~"'~9f;Tj:-~'{cS. 
and granulocyte did not increase c.nd even the heoorrhagic tendency 
2ppee:red. TurtherliDre, their te:::perc.ture had been as high as 
39°c though very effective pills of antibiotic hai been 
given, which has made us fear of 2-"'1 1l!"'..f2vorable prognosis. Such 
a cc.:--_gE:rous conditic:-i cc:-itinued '"0.ntil :-ec2ntly c._'"1-d we had to 
ref:-c:in from publ:ishi.ng t!'.e facts in o:r-C.er to 2.void i.:rr:iesirable 
effects on the treat=2nt of the patients. Fcrtc:...:"ately, hcnever, 
the .:ever beg<m to leave the pc."Cie:-its Yery recently c...11d ::ioreover 
the blood caJ:-it of leucocj-te in sc::::;e of the se::-ious cases began 
to i:-icrease. We c.re working ha:-:: to cu:e the patients cc~letely. 
It would be o'..lT ci.:ty 2:):3. c.lso the hope o: ell ;-·e::ple to sc.ve the 
lives of all patients o:f.' t:--,is u:-i.:-cr:.-.:.nc.:.e acc:i=.e:-.. t. 11 

S"J.r.T.;c.riz.ing the cli!lical s:y=?to:::::s, it ~...c.:.- ce s2i::: -~hat the !:kin burn 
by the~ - rc=:y has aloost been cured. Tnere is n::;r; ha.:-dly c....·1y C:etectable 
radioactivi~3- remaining on the skin surface. The DJSt serious ~roble~ is the 
injury to t'.-::e lill'.TTOW. Two Causes raay be respC:JSible fer t[-_is • 0:-ie is the 
r2diation (especially the 6-r2y) from outside, c_nd t~e ether is that of 
the raC.ic.sct:ive ele=.2:-its cie:E=-'OSited in t;--,e ood:.-. -='he cl:inicc.l s:.-::.~to;:::s 

c~serve:i UJ: to nett ~cy De r..c.icl)'" cc~-1seS [:.­
E.ight have °:;een plc.::ed by the latter tco. 
fact tha.,.., t::e esti="...ated. ra:iiation to w!""..ich 
the two l'ieE:~:s st.:;:,· on the boat c.=_:::'_rnts to 

- 5 -

the: foT~er c.l ... u:-ic, .. .:g!: sc=~ ;::crt 
TT: is r:..cy· b:; e1,.-iC e!1t ir: \~i s-n· cf t~e 
t~~e :~s:-.Le:--=.e:r" y;ere E)~oseC. C.~ring 

2CXl r. The i~te:nsity of r2di~tion 



from the elements deposited in the body (especially in tho bone) is small 
car.pared to the external radiation. But it may give a considerable amount 
of injury during the long period since it will continuously irradiate the 
important organ, namely the marrow. It is therefore necessary to observe 
carefully the clinical development in the future. For this purpose, it 
is important to measure and analyze the quantity of radioactivity in the 
urine. The study is now being proceeded from this viewpoint. In order to 
discharge the fission products deposited in the bones, EDTA(Ethylene diamine 
tetra acetic acid) can be used which however is not very efficient. It 
is reported that in an animal experiment about 20% of the subs ten ces were 
discharged when EJ)TA-Na and EDTA-Ca were applied alternatively in an early 
stage of deposit. In our case, too, it may be possible, using EDTA, to 
discharge the fission products several times faster than otherwise. Since 
EDTA-Na, being poisonous, cannot be used to the hUI:Jan body, we are now 
trying to use EDT /..~a. 

:. ... - • l ... _ - ._ •. .. 
--::.....'.:i! ..• ~ '."a r. ... ') 

4. About the Hygienics of the Environment and the Foodt :;i~ic..-J;::~s- c> .. ·; ~ 
'·."Fr'-" 

(i) The !bat as the Living Place - As is discussed in the se~t:lon" t~ 
of the physical properties of the ashes, the hill-life of the fission 
products on the Fukuryu llaru was changing from time to time. It was about 
8 days at 1L2~ch 17 and 20 days at April 22. By this time, the intensity also 
decreased to about 20% of that of March 17. On April 22, the in~ensity of 
radiation in the boat ranged from 2 mr/hr to 20 :c:u/hr. It may not be very 
long before the intensity becor.ies less than the permissible dose 1.8 mr/hr. 
As is seen from Ta?le 5, the measured intensity for (-ray 2lone and the 
total intensity of both f- arid f - rays are not very different. This raay 
be understood J3S the result of the cista.nce between the measuring instru­
ments and L~ef - ray sources, the absorption of considerable aJLJ'-2...rit of 
f- rcys by the v.oo::ien parts of the boat into y;ffich the radioactive substance 
soaked, a'ld the penetration of extr2 f- rays fro:::i re:::::.ote sources through 
the ceilinss 2nd the walls. 

The rc::::ic.tion has an effect on the human body through the iocization 
so that the c.::iount of injury should be rr:e.ssured cy the miliroentf;e~eter. 
It is not a;ipropriate to use the ~ -c:;u.nter. The conversion o~ results 
from one to the other is not sir:ple either. 

There ~e G.C::...;.~'" beets besi:ies thE .!~\~~='~~ ~c..~ cw v,·~~i(:r-~ t..~~ c5:h fell 
when they we:-e me:. king voa ge several h~::-.ired r:-:i2.es o::'f Bikir..i. -=-..-.e count 
of radicacti ti ty on these bo.sts varies frc~ !r,:n±-eds t8 te::.-t:'1o...:~ .=..nds 
by the G'..'.-counter. But the inte!1sity is c.t rr:cst 3 rr.:r/hr when r:::~=:st.:red at 
2 dist2!1ce o: 5 co by the miliroentgen=eter. Since the inter:si "i:y a.t 50 cm 
is only one-:r:undredth of the 22ou.<t c.t 5 crri, it r:c:-· hc.ve r.c.rcily a_.-..y effect 
on the hu:::;c.n body. The a:JO'_rnt of rc:dioactiYi.ty or. these bcc.-:,S is th-=:::-e­
fore very s:::-2ll c..nd trivial co::;:iared tc the case of the ?u:,.:--u._r:,ru .!i'.c.ru. E.Jll­

ever, ii' th€ r2dicactivity is p:;-ese:-r: c:.t all, it r;;2y hc.'\.re c. c}-;2:-:::-:: of 
£etting into the boG.:.• thro'J.gh the =.01.;th, skin or lung. Of c:;:rrs;:;, it is 
better not tc be expose::i to the rc.:ii2t:ion, h:;rie';er 2 bit it is. It is 
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therefore necessary to wash and remove the radioactivity from the boat, 
clothes and the hum~n body. For reference, the radioautografi'ls of the 
letters written by the oil which ~as on the deck of the Koei J.!aru and 
the gloves of the crew are shown in Figure 5. 

ii. About the Tuna. 

Since different people have different interests in this subject, 
it involves many intricate problems. I will simply refer to the medical 
aspect of this problem. The question is then how much of the radioactive 
ash can be eaten together with the tuna without violating the safety of 
the human body. This is again not a simple problem. First of all, the 
ash itself consists of various elements and "they are absorbed in the 
hun;an body at various rates. Even the same element will be absorbed 
differently according to the form of compounds they constitute. Furtber­
.o:::>re, they deposit in various organs such as the bone, kidney, liver 
and thyroid. 

Different elements have different half-lives both physical and bio­
logical. To simplify the argument, we shall assume for the n:o~ent that 
the ash consists of only the most dangerous ele@ent Sr90. In the usual 
form of co:npounds, about 6o% of Sr90 is absorbed by the body through 
digestive organs and about 4o% deposits in the bones. Its physical half­
life is abouk 20 years, while the biological a.~d effective h~lf-lives 
are 3. 9 x le? days (about 10 years) and 2. 7 x 103 days (about 7 .4 years), 
respectively. It is therefore very difficult to discharge once it 
deposits in the bones. The penrissible dose of cieposit in the body is 1 micro­
curie. Since 40% of the absorbed strontiu_rn deposits in the bones, it is 
dangerous to eat more than 2.5 microcuries. It is not unambiguol:S how much 
count the radioactivity of 2.5 microcuries will give to the G.M. counter 
at 10 en, since it depends on the geo~etry, 1-sasuring instru.r::ent, the 
thickness of the mice. windcv.- of the G.l!. cour1ter, etc. But, roughly 
s~eaking, it ~ay be about 5000 ct/min. Since the safety limit adopted 
today is 100 ct/min at the distc.nce 10 cm, it ·say be concluded that it , -: ,'' ::-;' 
is not danE;erous at all to eat the tuna though the above calculation -i~ .:·:·:\ ·~· ~ .-: cs 
b2sed on several assumptions. ~"'~:;::.'.c;:.z_,-; S 

~~ -·~~ ~.~.·:,".'.. -
h.1at r::sasure should be taken when the ra2icac"t.i ve su":::sta.r..ce e"'"'"'" ed 

the body or cne is exposed to the exts::-.:-:al raG::.a-cion to s..:c!:. 2.L ex:ts:-it 
that certa::.n injury is expected? The fi::-st thint; to do is tc. h.s-.-e tl-.e 
blood-counting several times. If any c...•c:::.aly is found, one hc..s to be 
cf:ecked care.:ully. Next, the radioactivity in the urine shoulc bs r::22sured. 
ne shall not discuss it in details here. 

iii. ~aiioactive rain, etc. 

Fall of ash, r2in an::i sn:r;; 7>i th the raiicacti vity r.ave cesn 
o8served at several places in Jc.pa.~. T:--.e detail is not available yet. 
fr~t it ~ay not be dangerous to the f:p-an body a:Y-i others as 1ar as the 
intensity c:f naturc.l 2-."'ld artificitl r2iicactivities re-ains to b~ of the 
present orde!" of r:.agr1i tude. 

5. C:inclusion. (onitted) 

• .;,;;;:J '#~ ---·L;_'J 
··~· T'-4.~,_;-~:.P~n:~ ,...,,.,.. . -s.p 
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n11Y ?IS-:ING BOP.TS y,r;JIB CXJ!.'ThJ.!INhTED HY RJ..DihTION {SU."IJ.:/JtY)* 

1. Foreward: 

BY 

Dr. Eizo Tajima 
St •. Faul. 1a University 

Tokyo, Japan 

The n;ajor }-roble!IJ on the fisheries operaticms in the South Sea 
area is where <md haw fish and fishing l>oats were contc:minated by radiation. 

2. How R;:idi.?tion E:xamin.1tions I/ere ConductL><l: 

Exc~nations throuGh the G-~ GUaee disclose that decks and other 
,~;ish;>ble Fcrls of a uoat are v:e<lkly irradiated, while l;;nps and other 
um.,·.~shcible parts are strongly irradiated. 

The G-11 cuai;e can dt:tect only the "beta" and "c;amma. 11 rays. The 
total volume of rays detected by the E;U<ige is averagely composed of 20 
per cent of the 11 beta 11 ray and 60 per cent of the 11 gamma11 ray. 

Cr>.....rteiin directional relaticnships were often observ2ble of fish­
ine boats on the degrees of radiation of their stern, bow, larboard and 
starl~ard sides. It is discovered that the directions coincided with those 
of the st.:aso::al winds which r.iere blov;iri..g the boats. 

The 1;c. 8 Junko ,,\2ru enc2red in fisheries operations between 10 2nd 
12 cer:;rees of north latitude 2nd between 173 and 170 deo-ees of west longi­
tude in the _t:)C::riod betv1een April lS 2nd 1~2y 4. It can be inferred that the 
hyill'O[en bo:c-:b tr:;st which affected the bont was carried out in the period 
b·:::t-.>een the sve:-iing of ;,i;:y 4 2P.d i~C?Y 8. 

.~... .. 

" . . .. 
If ~he irr2ciiated boats c.re classified into those irradi~tec in 

the c.rea v:est of a spot where a hydrogen bor::b test was conducted (hereafter 
called these of 11west area radiation") c.nci these in thE: area east of the 
spot (herea2t.E:r cc:lled those of 11 e2st c:ec. raJic.tion11 ), of the 11;rest area 
r;,di 2tion 11 c2tegory, tho s= o: which mre than 1, 000 cou..<ts per cinu te Yi ere 
detectoo will constitute 75 per cent, -nhile such high count~ -...ere very 
re.rely foun:l. of the "east area radiation" category. The 2verage co·..:...'1ts 
of the 11 .,.,.est 2.I"ea radiation" catec:ory ere registered at 123, while that 
o~ the 11 east 2re2 radiation" category at l,80D. 

4. East ..-::-id fie.st J....rec. F.adiation Categories: 

Of t.he 11 east area. radiation'' cc.tet;ory, a.ccoraing to Diagra:r. 2-a, 
t.'t-ie nuu:.ber cf counts show ·s'Jdden rises on the dates when tests were carried out 

* Frinted in S~IZ!:.:N, Decei'Jber, 1954. .C:::::.::.2ssy L:.r..guaEE Services !3:.c.nch Tr.sr.s-
lation. 

11 



and sharp drops on other d~tes. Another strikinr, char3ctcristic of the 
caterory ic that the average degree of radiation is very high. 

If a hydrogen bomb test is carried out, the radioactive ashes 
c~sed by the test will be blown up high above the sky. According to 
Mr. Ariyoshi of the Central Meteorological Observatory, chances are high 

•that the area east of Kwajalein Island would be showered with core ashes 
of this sort than ip the area west of the island. 

The surveys conducted by him on Uarch 1, April 6, .April 26, and Uay 5 
show thDt the area e2st of the Bikini Atoll was showered with m::>re radio­
active ashes th2n the area west of the atoll. This tallies with the · 
result~ of our surveys. 

Judeing, however, from the y;eather conditions of !larch 26, we 
c~m surmise that the ashes -.;ould have fallen over the distG!lt area east 
of the Bikini Atoll. We cc.n give no adequzte explanation to this. Since the 
hydrogen bor;ib tests were suspended in mid-Uay, the degrees of radiation 
of the boats visiting the area have gradually decreased. 

5. Relati0nshirs between Fishing J..re2s 2.Ild R.c>diation: 

T~ere are found a close relationship between the radiotion of 
f~~hing boats and the fi~hing.areas. Only one irradiated fishing boat 
v;cs discovered in the area north of the 15th de&:ree of north latitude. 

6. F.elationships between "i'lest J..re2 Hadiation11 and Fishing Dates: 

L nc.rrow strip of v:2ters south cf the 15th cer;ree of north lati­
tude, extending from east to -v;est, is contarr.inated with radiation. Any 
boat •-hie:: p.:::~ses there \':ill be fo~md rc;::.ioacti ve. The southern end of the 
irrc:dicitcd strip of ~··atcrs will not extenC. beyond the ecuc:itor. . 1-··.<·iO'J .. ....~ Q\ .:..~ ..,, ;;;..> 

7. C;:sc Are~ D c;.e,..~lrr~c,,, ~ r"\;;\C~ 
....,t" • ~·C \_..,\I 

r'~\oli'--'' ~ ·-s 
,, .... rr~.· .. ~.\'.;::. 

·;:ris 11-.·.-~st are<: rciG.i2tiol! 11 r:sy hc;vc Lt...<::n cc.used i,y t!.e 1r;;iiaticn cf 
sea v;2ter there. In other 1':0::-ds the: :ior-tr. et.;,'..:2tor ci:rrent flo7is in the 
sec:; are2 cs"'.:,Y.'eer:: 15 2x 5 uP.r,:-ecs oi nort::. lc.t.itudc. ~he area -.·.-::ere the 
!\ydroi__s::l C:::l :.e~'LE t·:t:rE:: co:::j·~::tl:ci is ir: :_,j1e c: .. ..:::·rcn'L. l~c:·t.:-i.01·c :.~e 

irr;:,ciiatec zon'..: r~.::;ves ~rorn e2st :.o ,.,-sst. 

8. Conclusion: 

The 2ir over ths e..cst o: the spot wI'..er-e the tests -nere cor:.ducted 
is disco-...·e:--ed tc havt.0 beer; irr2:hated ove::- the perr:;" ssible de::g;-ee. It is 
clso disco-.:::rec ~tct a fi~hinc;: beat in the are<: west, cf the s:;::-:it -r.-~s cc:::-.­
tc;:;-,ir;ac,ed by rc:cic:tion becc::.:se o: the i:;;-aci2:.c::i sec. r.2te:- the::-e. 
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