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f':vidence th~ t X-1'87• nJ'\1' oth'3r ty~a ot nuoleu and allle4 

re.dint 1etn ORU&e •hro11oeome d;:unar;-e hat bnon forthooaing trora DIQ' 

year• nnd has aoOlillllUlated trom Uk- st.uc17 ot: a Ta.r1at7 ot plant aa4 
t 

animal tlaauea ( L~a 1950). From t.h.-~•• at.ud1ea 1 t bad. be• 

aenerallJ a•8Wlad that the prn\\uot1on of ohroiBOaome 4a111:tge In ..a 

wae an laportant meohaniea in the ee\ablia.bllent of ihe aoute 

•11n1onl etteo\e or ra41atic:m exrx>aun, o.nd po••ibl.r alao 1n the 

oauea\ion. of such delqed. att00ta as ti1e lnduot,1• or l8'lltaesia 

(coun-Brown and Doll, 1960). 

Aa tar •• dliaec\ observotlooa on human t1aauee are oonoeme4, 

'11e4nel' and hie oollee.guee (1959), uain.~ siapla aquaab prepaJtatioaa 

~ boae ........ noted n1clencr, o'f chromosome '•t.10klnel\a', •1U11Pinc 

. - ' 

or ohroao90Ma and anapbaee bridge roraation 1n a aUlibor ot peraona 

aoo1d.entall,y exp0eed to a mixed neutron-p.- "'beaa. Bend .. (19,7), 

!Wk and hie oollequea (1957) Chu and G1lea (1959) haY• atudie4 

the eN'90ta or redla,1• exr;>o8UJ'e JJ1 yit.EQ on hwn \iewe oultve 

preparation•• 

\mder\ake aePial etudiea of c~moeo:ne chanst•• in thlt 41reo'1" 

irradiated bu•an be1na. 

reau.lta •~ MlOh etad.iee 1n two pattente giYen ._..,,. tJteatlHm• t• 

8111Jr7lo•lac aPo811'11\1e. 

I&JJml;,((L ~'.~JQ&MZICllfi MP WSSVJ.:C~· 

'l'he 4thromeeome preparation.a were ma4e tPOlll blool oult.urea 

••lna 8ll aclapta\1• ~ Ule \eobniqu• or lhm«•rtol'l4 an4 ht• ooueap .. 

{ 19'9) , tbe tlrual QNa4J na ot \he ohrOllOaor: ... e being aohined " 

....,.in& la alJ'. w1ih tb.la Molm.1QU• • oeunt ot the ohro1110•~ 

Sa I05 ••lle r... ala Mnal nb3eet• llhon4 190 oell• (92.68") to 

line W •••••••••• (ta~• 1). Thla propor\1on ot •od•l oella d14 

ne' •&tt9 • ._._,..._,_ hoa \hat 1n a. etudT ot 489-oeUa from 

I\: r: AJtCH1Vl;~ 
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81Iteen patients C'".Hneotn~' or ba.V 1nF. 

44'1 -:-3118 had a ooant of 46 Ohr'l11oaoaee ('11.8?.~) And vnJ11at.1ona tNa 

\hie iaoda.l nwnbor nre <Vinntriared ·tu~ MJ.Binl7 to artetane ar1el'l« 

during peeparot1on. ~o\u•·,-i'N.>:n, Jacob• and Doll (1960) haYe 

diecUf'f.led th•~ oaueen of Yll\ri:t t: on f'rl)m the mo.1nl number 1n ol1P01MU1Gme 

count a/ 
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in the quRltt7 of th~ :1r•"1u'r'· tone, which It:·~· f'ollo~oo th~ 1ntl'O-

diJotion of th~ preeent taalmiqust 111 evident from thn f1ndL·:g tha• 

in 1G02 oelle t'ror~ bont; :11.111•1•0{· pr"ptn·•, t ion» onll'. 85.02:.( had a oowit 

of 46 ohromoao~ee. 

the pre-ex~_,oeure blood ee:nploc from th1~ two i·w ~ienta o1tod below 

wt th \ht ~l!'t in "T'ablee 1 ~nd 2, aho,~E' thooe c1i •1tributiona to be w1 t.h1D 

\be DOl"l\&l Pange of Yalues fo~· the preQMt teohnique. 

The h10 male pati':mte etudied nre given x-...,. tiaeatlllent 

tor e.nk71oe11'8 apond711t1a. The f iret patient roc~ived t .. atman' 

to th') whole lon;.!th ot hie spine an·J to hie sa.oro-111 "llf 3<>1nts 
' 

'betseen 18/7/60 8.nd 29/7/60, fl. tot.al skin dose ot' 1500 rads being 

given in 10 equal t'r~ot1ona. In th~ eeoonll pl.tti.ant, the e!'t'eot 

ot a air.P:le 4oee or x-raye, 250 rade to th<., akin over t.h0 ep1Dal 

oolGllll alone given on l0/8/60, w~s ntud1ed ov~r e period ot ten 

X-rq ph,ysioal ohoraol.er1et ioe nre liHv :n f"o;· l:oth Pf' ti ·~nte in 

Flg. lA snd lB. 

Cells wei-e eeleot·'d for oowitir~ prov11t!td th~~t all the 

amall chroaonornea (Noe. 13 to 2::· nn: tb~ Y ch?·or.iooome 111 the Deliver 

Classir loat1on) were e~H1il7 1dent1!'1ed • :m'' 1n oveq s"leoted oell 

i. t w111 be s.-len trom Tahloa 3 and 4 that 

pol.Jplo1d oell• wet'~ notefl in mo'-Jt :1 1 the prepnrationa. 

pol,rploid oello are not inaluded in th·) oh.ro:noeome oomit• aa thQ' 
~~ 

oan be reaop:nised w1 thout a Jlpev-1-eve count beinp m:1cte. Jii'or 

purpoaee o~ compar1aon, howoYer, an approxlm11te ~eoeure of the 

trequsnq of po1¥J>loi4• is indioa ted by th,--· taot th:1t onl,y two 

ware noted durin~ the etud7 of' tho 694 oell~ listed in 1'ablee 1 an4 

2. The l&st teohn1onl no int t.o be :uen t..1oned ia that one ot the 

oomon effecte of rn"1i~. l.iOD. waa th~ :'PO'luot.1on of ohr•omoaot'le } 
DOE AKCHJVl8 ".' 
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e • • • • e e .trapeD.t8t ana J.11 QUWll.J.J~ lolW uu.• ..,...-..°"''_,. •v .....,. •"' , ............ _ 

th{: oonT~nt.1£if' scoring a fl'ap•nt ae ~hole ahPOIOOaome. Tblla 

a cell wi t.b 46 ch.4•0:,1oao:Ma anJ ~ t"rapeni would 'M recJOP4el u M 

hav1n& 47 ohroaosomea. 

TM etttect tit x-rq 4X1>oaure an t.he ohro1,•ot10ll4J oon­

:atitu\lGD of' each p1:1t1ent 1• shown la Table ' (the f1rat pet1en') 

and 1n 'l'ablo ~ (the aecond patiern\). 

JU='QIJSSlqt. 
Tb8 data rroa tha f1Pst patten' llllow ol~aplJ' \bat 

a h03T7 aooumalnted 4oae ot x-r~• pP04uoea coneiderabl• 

Thia 1c shown both in Qi~lfioe.n' obengea 

ill the eount diatr1bu\1• and 1n a ~ona1dttPabl• 1norea .. In 'tM 

ftWIMN ot .. 11a M.PITina ohl'OllOaornea w1Ul atruotunl abnel'llllllt1••· 

Th••• latt•r ars of' llal11' '7Pe• Md no attempt will be aade t• 

4•ao•1be thu ln .. l• proltain&17 00t":llllunloat1CllJ ' ' la 9*nh 

notin; ... , bowner, '1'1.at chromosome tnpenia •~ oofl!lllDll and thfl• 

ooaplex •bno..allt1•• muoh aa ring ohroaoeomee and 4loentr1oa 

are Sl!eD (P11a. 2 anti 3). 

The clata f"rom tha AMond µatien' lll'9 more in.f:lNiUAt1••• 

A ain;J;l• l-i-q exr>oattN weg g1Ten on 10/8/60, anJ twen,~our hoUN 

peroent.ap ot oelle •1th 4G ohromoao:neo had t..Ulen 1"Ha 93 io 71 ) 

and that o~ o•ll• with otruot.uPallJ" abnol'llal chromoaOCJea had P11MD 

trom 1 to 22. The fall ln the ..Cal oell• waa due to a rem~rk•bl• 

lnareaM 1n tho nwaber o£ oelle with 47 ohrO!IOBO:nee, \lhiab ro" 

tNa 1:1{ to 2lf .• DurlnF the t1Te daye t..oii 12/6/60 an\11 17/8/60 

' " '· 

'· 

•ix 'bl.od cni1 turee wore eet up but anl.7 tour were auceeaef'ul, and , : 

or the lotter, thoee ot 12/8/60 llJld 13/6/60 we~ ot poor qaallt.7. 

Thie partial ta1lure 1teel.1' l&l,J btt eaaociet.ed with eome efteot ~ 

Tiiie unuauaU, low ooun\ ~ modal oella wae etill 

. ,, 
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~ .f~t. 
···········- the ..... dq, howner, the peroen\age or 904a1 

oell• ha4 Htume4 to within aoNal 11111'••an.d remained ao, ror 
f:~\;11. 

t.he nei of tho period or obao1TaUon. Aleo the -... clq aark .. 

a deeltne in the 111111ber ~ oell• with et.ruotural abno....i.1,1••• 

"' nm on t.he laet two dqa or obeenat1on t.heae ••N preaen* 

1a 9 to l~ ot the oell•• 

lA bo\h patient• 11m18Ual ....... or pol.l'Plo14 ••11• 

"" aeen. Perhape the aoet et.rlklng 1ne.reaH waa that OMU'l'lns 

twen'1';tov t.ou.Jta anu the ~ • ., eapoeure fd thA!t ••oa4 patten•• 

At Ulla t.1• 11 poJ.7plot4e were note« dvlnc tha t1n41na an4 

eoan•ln« ot 100 ••11• with 41plo14 or near-41plo14 ~ ... 

•tn41na• eiatlaP to tho .. J"eJ)orted ln thia oOlllRlllieat1aa 

haTe also bee nohd ~ •• in o•- ~ ~ lllJ'•lo14 1.-eem• 
tollonnc x-.. \Notlleftte Tuee •111 l>e diaouaaed 1D a aeputah 

oot'D1R1111eaU• (•iki• et al, in prepaJ'atlan). 

In oGDelu1•, the data 1Dd1oate, o.e alght lte •xPee•el, 
'hat ~...,.. readil.T pl"Gduoe cbromoao:ae 4 ..... whiob oan be 4n•t .. 

1n au.ltuna ot haMn blood Mlle. ltuoh more WON •111 M 

neo•aa17 \o aoh1tr'ff a fuller 11D4erwtan41na or the patt ... ot tbl 

etumcea, per\iCNl .. 11',~he .rt'eet fd TaJ7inC Roll .,.teal paJIMet ... 

a ..... produoe4 ..,, • •1na1• doee ~ 2.fO ...... 11a1\ed to '.Ile *1a 

..,.. the •PiD&l ool11a, g1•M pound• tor bop1.ng 'hat the relatl-­

abip ltetwem rad1at1• 4oH and the eztent ot elu'o9e•• 4aaap la 

- ..,. lMt naJ.•tM 11r 41ne• ob••n•ti• ..- • wtee nnae e1 '-· 

"9 ... laaeltMI to PNfeelMW 'te ~o~tl'ter ttftft hle lltatt 

,_ ...... 
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mun, •.A. (19,7) a.1.nu. 126. 974. 

OBU, s.a.Y. 9ILB9, •••• (1959) 0...11••· 114. 503. 

OOOR'l..-OU1 w.x. DOLt.• l. (1960) 1n 104eftl THDd.e Sa 

Oecnapat1ona1 llftltll. lht't•J'WV'tla A a.. LA. 
IDfDOn. 

OOUR!·•a.lt •••• IMJOll. P.A. DOLi.. a. (19'1>) 

LAll:Jn'. 1. iao. 
J'LI•amm. ,... ORCICDU, •• P. Im». "·'· mm. , .•• 

Am>m. e. (19.59) Aea Bawrt. a. ''· 
llUlllRRPOU. D..A. D<MWILLY. A.I. llOl'SLL, •.a. .... a. 

(19.59) ...... 1. 1m11 o.aei. u.21,. 

LEA. ».&. (lt") "-'1-.. or Jlla41a\lona • Linn« Oella. 

Para. f.t. IOIX09Ilre De KARCUI, .P.J. ODCUIA. s.T. (19,7) 

1. ezp • ..,.. 106. i.a,. 

DOE AltCHIVIS 
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r l ·" ... ... \ \. "\ '"··. ~ , t ;...~ •o. Bez Dlapoeta. 
-C:.44 411. r"' w 

•4;;14 - ~~pv·~· - l - 29 
a.1~7 • AnopbU..lJlla - - - 31 
a.di • Spaatle Dlplepa - - 1 29 
a.1'9 • Pei.- - ._. Aaca1~ - - ' 2& 
1..170 • Pel..- - •• , Anmt•l.J - - 2 27 
.. 17' • Jtrd.rooepbalu - 1 3 2' 

··~ 
I ln:t'ert1UQ' - 1 1 29 

a;. ... • In:ten111i;, - - ' 21 
B.182 • Inren111V - - 1 29 .. 1., p l71a&J7 Aa 1nor•tw• - - - 27 
a.190 • TeatiftlaP hatalut1• - - ... 26 
a.194 • T llan'an'e ~ - 1 1 25 
a.195 It .PaMcm1 '• AJMema - - 1 '° B.196 I T Rcmgol1- - - 2 29 
a.201 .., Pr1ma.17 Aunonboea - - 1 28 
B.214 .,. Priaa.17 Aawoft"JM)• - - 2 rt 

Tot.ala I - I .. , 2'1 lilt9 
Per Cent. I I 0.19 ,.11 91.a2 

() 

------_.__._ 
.......... ""~ .. ,.~~-,..,., ...... """""".•":· ....... ..-

~--.. ~ ' -.,.... •• ,, • • ., .• «vT 

. - -<!-~ 

47 w - -I -- -- -1 -1 -- -- -- -1 -1 -1 1 - -l -1 -1 -
10 1 

2.Cll 0.20 

... ,............ ... . ..,. ..,. . --~ .... 

>41 • I If o~al Oella 
oom\e4. 

-- 33 - 30 - .31 - JO - 31 - 31 - 31 - .JO - 28 - J1 - lO - .J1 - )I - .JO - 30 

- ..., 
100.• 

•: -- -·-;- ·~. - ·:· .. _,. 

£ 
0 

* < 
f&1 c 
t:: 

...... ,!,';.",-~~~"' ... 
•. ..... ''~"'· t'. ''•"Y 



.« ., .. ,. ,,, 
. :··· , ... , ,.,, . 

•' ,. 
i ·' •. ,_ l.' "r;'. 

\_. ')·:~··:·~. ,,: .. '.:"~.-;: 
:·. <//-~· .·. :, ;:~._: r 

I ', . ') .. '~ ..... \, ,, '..·~ ·_.\{)'.~:...::": ,,' 

'~ _, ~ 

... ~ ' ( 

,.I' 

,, .1:, ~ .. 
"· •·' 

.. ' 

~l·~~;,:L •_ ';'. ·, • .. '" 
.. ~ .. :· ~-,-~~.~~.·ti~::: .. ~-~~ l:~_;t, 

'·' 
.·~ 

.. ~ ·~ \, ' 

' ... 
.. ' 

'·· 
~- ,· 

'" 'l • < 7 

·~'':' ·~ 
"' " ' 

' 'I[" 

... . ·e· 
' ' ' .. " ··' 
'»' ·~: ,. ,, '' ", .• "': ' .'' ' 

·,. ·''t, . 

..:~.. . .. /'·, ,. 

~· ,;,;·f,t~>.: ::,:;2), 

---·--· - .. -r --· ! 
........ 
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·~lfROHO~~o .. :E COUNTS. 

!+4 ~·:+ h5 46 47 4a ~s 
; 

'i'otsl. oells 
r.>ounted. f. Modal 8 o ll•• 

~~Ftl_{t.PQf l UJfl• Pol.7Plo14a 

---+----. --r---r --·r ~----r---- -t-----.. -' :.17/60 ; 
c:ire-cxpcaure~ 

4']/6\J 

"; ')60 
.:/8/60 

1/8/60 

1\ 
1 

1 

' 
.~1 

1 l 7, 
7i 

0 

l~J1· :: : - i - : .50 ~ 
I I I - - • .. 

.'Bl 6 j
1 

? , - I 50 66 -~ "t. 18 1· 40 
I ,, 'ft' 

_'Hi 2 ! l I 3 50 74 ,; . ' 19 !' 34 I 11 

51 341 71 ~ I 2 50 L 68 9 32 I 7 

51 "L~LL~_L_:___ 86 I'': 16 ~ 18 I 3 

~8 0 

·;;:-

- h:: ~'..:.w.,·os :;,r. the pr-opart.ion of' modal tmd non-aodnl oelle t'ouml on .2~ ',60. 2/8/6o end 12/B/60 b7 oom.1ar1eaa 

. ;, t..'1 t:,").tJ ;>~'op.:>rtion i.ll tl.e control blood of 18/7/60 are hiAAJ.7 aignit"1cent.. 'rJi I T&lue of' r and p {n-1) e.re 
I 

~-~g:,eoth"cl7 2"-e92 andfto.001, 9.29 and ~0.01, 18.96 and~0.001. \ 

.j ·I 
~~,.. 1 



ll/8/60 

l,,)/60 

13/8/60 

15/8/60 

17/6/60 

19/8/60 

21/8/60 

·J 

,. 

11 I (.!, 

! 7 i 
j n 1.1 i 

22 

2) 1 

I 70 I 27 41 0 
! 

l 9U I 11 1, ' l 93 I ' I as " I 

11 

10 

0 

6 

9 9c, 2 9 a 
- , ... 

' 
~ ~ 

The ohangea in the proport1ca ot DOdu tt.nd .>\on-modal aelle tound on ll./81~. 12/a/60 and. ll/8/60 llr .-part .. 
I ,~ 

111t.h the proportion in the oontrol b1oo4 o~ lQ/8/60 are h1ghl7 !'lignitioant. 

reer>e"t.1ve17 67.74 snd c:a.001, 1J.S2 an4 <o.·>01, ~l.?4 Md <0.001. 

I TJae ftlaea et 2 an4 p (a-1) aN 
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