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1 I i c k  scb:n i i i ; t l  snic;irs prcparccl ;~:icl  fisccl in tlie e i ~ -  

1ir.r c~siiiiiinntions i n  Oak Bitlgc \\'crc s1dicicntly 
\\,ell prr>scr\.cd to alIo\v stiiiiliilg ;tilt1 nwrplmlogic 
sttitl!. in 1DG1. 'l'hc various classilicntions of t h  
spcrniritozod morpl~ology in Tables 2 and 3 may 
l ~ c  cli~rjfictl by  rcference to Fig 1 nlid 2.  Thc chiti1 
in T;il)lc 3 prcscnt the figures for nll pirmicters 
of si'mcii ciuiility iis dctcrmined 3!h years after the 
exposwe to racliation. 

I t  is clear from the data (coinit per cubic cen- 
timeter) in  Tddc 2 h i t  three (A,B, and D )  of 
the four subjects receiving the greatest amount of 
riitliation \\.ere sterile or virtunlly, so within four 
niontis sulxequent to the exposure. Hnd the se i~ lc i~  
of subject E lieen esaniincd at this time, it secins 
reasonaldy certkiin that he, too, \vould have been 
found in the same condition. He was sterile in 
.\larch, 1'359. Subject C, wIm receivcd the, second 
greatest exposure, \vi11 be  discusscd separntely, in- 

nsiiiiich ;IS tllcrc is considcra1)lc clottl>t that thc 
sterility fount1 in liiiil in all cx;uninntions \WS clue 
to thc r;idiation, 

Similarly, in  subjcct 1-1, wllo r c c c i \ d  thc lcnst 
amount of radiation (22.S rads), it is doubtful 
tliat tiic spcnn count deprcssion rccordcd four and 
nine months su1,sequcnt to csposiire ~ n s  due to 
the radiation. I~Iis niarringc during this time ; i d  

the high rate of scsual activity usunlly nssociatcd 
Jvitli the early montlis of maritill life cn~~lcl  ac- 
count for the lo\veril)g of the sperm count. In sup- 
port of this argument, 110 disturbances in  sperm 
morpliology were ever found in his semen. 

In tcrnis of sperni count, the state of virtual 
sterility continued in subjects A, B, and E through 
\Iarcli, 1960, nearly 22 montlis after tlie accident, 
although in subject B a sperm count of 8 inillion 
per cubic centimeter gave evidence of testicular 
recovery. No semen examinations \\.ere pcrforined 

Table 3-Fertility Status of Seven Men Exposed to Nuclear Radiation 31/2 Years After Exposure 
Distance Sperm Mot i l i ty  Lowest Spcrm 

Sperm Morphology, % Count Recorded 
--A , to March 1960, Rcac:ion, in Volume Mil- Total Qual- % 7- 

Frc n Exposure Ejaculate Count - 
Sublect F a t  Rads* (cc) I lonsfcc Count i t y  Actlve 0 L S T A D Immature Milllonslcc 

C 
A - 6- 365 2 1 51 102 3-75----?3--- 1 11 9 6--- 5 0 

-0 0 
0 <1 D i~ 327 2 0  218 436 3 30 7 3  1 10 11 4 1 

e 15 270 2 2 96 211 3 75 81 3 3 5  6 2 0 <1 
E 22 236 4 0  35 140 3 65 64 7 5 10 11 3- 0 (1 

17- 979-l.o--0L.-.- 0- __ - 

Above 
subiect none done 

68.5 1.0 167 167-3 85 93 3 2 1 1 0 0 F EL.-..-- 
0 7 H 50 22.8 1.4 121 169 3- 90 74 3 3 8 11 1 

- 
'A rad is the amount of ionizing radiation that imparts 100 ergs of energy per g ram of irradiated material. 



Fig i.--. . #ion, in  shape and size of human sperm- 
atozoa inclucic: 1. small form; 2.  normal size and shape; 3. 
megala; 4. acute taper; 5. moderate toper; 6. tendency to 
taper; 7. duplicate. From Hotchkisr‘ classification modified 
by MacLeod to include “immature forms.’‘ 

on any of thc subjects bct\veen April, 1960, and 
Sovembcr, 1961. At the latter time, the potential 
fcrtility in  terms of spenn count of all  of the sub- 
iccts esimlinecl \ \ x s  within norinal range. When 
this l c \ d  \vas reachcd after April, 1960, can oldy 
1~ cstimntcd, but it is reasonable to assiinie that 
tlic fertility of tlie four subjects receiving the 
greatcst amount of radintion (236 to 365 rads) 
\\qs sc\wely impnired for at Icnst 30 months fol- 
lowing the csposiirc. 

Scmiiial Cytology 
Tiic scniind cytology in man in the prcsccncc of 

;I patent duct system is an accurate reflection of 
tire normal niorpliologic function of tlie germinal 
c*pitlic,lium and a most sensitive indicator of 
cliangcs in  tliiit function.’.” Indeed, it can be said 
tIi:it tlic scminul cytology is to the kinetics of the 
gcmni11a1 function of tlic testes 11s the peripheral 
blood cytology is to hcmntopoicsis in the bone 
nxirrow, \VhiIe Iiuman spermatozoa may display 
;I \vide variety of head shnpcs and sizes, the pat- 
tern of spcnnatogenesis, as manifested in the ratios 
of Iicad sI~;ipe and size, is remarkably collstarit over 
protracted periods in the same person in hcalth. 
1 hvcvc r ,  in ccrtnin illnesses, sorne seemingly in- 
nocuous, thcsc ratios may cliiinge markedly; if the 
trxuina is sc\‘cre c110tig11 tlicse disturbances in tcs- 
ticular furictioii may be mmifcst I)>* the appcar- 
iiiice in tlie cj:tculatc of immature cells of the 
p m i i i a l  line. Xi1 :tin;ilogo~~s situLitioii in the pc- 
c.iplicral blood woiild I x  the apl~;ir;i11ce of normo- 
blrtsts or of niyc!;;c;,.tcs. In the normal range o f  
i i i r i i x i n  mJc fertility, one would not espect to 
find :‘.:oTc tlian 40% of tlie mahire spermatozoa 

,.:-ions in hend shape or size, nor woulcl 
oiie expect to find more than 9% of the total cellu- 

(2, 
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5 
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Fig 2.-Abnormal spcrmatozaa and exfoliated tells o f  ger- 
minal line: 1. immature tell (distorted chromatinl; 2-6. ab- 
normal spermatozoa; 7-9. “tapering” spermatozoa; 10-1 3. 
immature exfoliated cells (large spermalidsl; 14. three 
spermatid nuclei in single cytoplasm; 15-1 6. “ghosts” Of  

spermatids (nuclei extrudedl; 17. amorphous. 

1ar contcnt of the ejaculate as immature cells of 
the gcrnlinal line. 

\ ~ e  Iiave used here the nrliitrary classification of 
iicad shape and size ncloptcd by ~Iotchkiss and 

icLeod b y  tlic addition of a ciitc- 
gory for “immature foi-ms” (Fig 1 and 2) .  The 
t-’apanicolaou staining tcchniquc u x s  iiscd tlirougll- 
out. Thus, the “oval” forms in the tables sliould 
be considcrcd its “normnl” in size nnd sliapc. Tlic 
~~mc~110’’ forms :ire normaIly slinpctl cclls one to 
two rliinc:nsions larger t1i;iii “iiorinal” size. COW 
vcrscly, the “small” ;ire one to two dimcnsions 
smnllcr than tlie “oval” but othcrwisc normal in  
shape. The “tapering” forms may or may not be 
“iiorm;d“ speimxitozon dcpencliiig upon t l ~ c  dcgrcc 
of **tuper,” but these cells definitely ;ire elongntcd 
in head shape and may be acutely tapered in ccr- 
tnin tosic conditions. The “;tniorphous” fonns corn- 
prisc all spermatozoa that tlo not fit into these 
categories and dcfinitcly sho\v ii1)errations in l i e d  
s l ~ ~ p c  (Fig -7). Tliis c1nssific;ition contains a wide 
range of aberrant types. The “immature f o n d  
(Fig 2) usunlly appenr ils sixmiatids ;111d often are 
cells in which several spermatid nuclei are present 
in ;i single cytoplasm. 

The essential feature of the disturbance in ma- 
ture spcrni morphology seen in tlic four subjects 
(.+I, 13, D, and E) suhscqucnt to the esl)osurc uxs 
tlic appcarnncc of ;L rather high pcrccntagc of 
“nicgalo” forms in tlic senicn of subjects A, I), : r i d  

E at 91 tlriys. Thcy also were prcscnt in subjcct U 
in  tlic first postcsposurc cs;iminntion done on this 
mnn four niontlis after the nccidcnt. Tlicsc forms 
climinished in the sciiicm of subjcwt A tlicrcaftcr, 
but persisted in the other three subjects a t  least 
through March, 1960. Tlicy were not present to ;I 

. 
, 



Motility 

l7irtii;i1!y all tlie semen specinicns collected by 
tlicse men bcfore Ko\~cmber, 196'1, were obtnined 
ant1 clc!i\~ercd i n  condoms. Thcrcfore, only an oc- 
c,isional i iguc on sperm motility recorded lxfore 
So\wnbcr,  l9G1, 11ns \rnliclity. For esmiple, ;i good 
iierccntage of spc.rnintozo;i of subject A on July 14, 
1%S, ret;iincd motility, s~gges t ing  that  the rxlintion 
1 I ucl not :iR'ec t cd t lie in a ture sperin ti t m o a  iilrcad y 
in the duct s!,stciii. In subjects A and B during the 
early stages of reco\wy of spermatogenesis (March 
4, 1960. iind ripril 19, 1O60), the iiew gencrntioiis 
of spcrmntozoa slio\\~cd a considerable degree of 
motile> activit!.. 

I n  X\'c)vcml~c.r, 1961, the spermatozoa of all the 
mcii csiiniinctl, \\'it11 the exception of that of sill>- 
ject 13, slio\\wl activity that rangcd from good to 
cscc l l~~i  t ; i n ( [ ,  in conjunction with the sperm counts 
:ind inoq~liolo~ics,  is rcprcsentntivc of good potcn- 
t i d  i'wtility. Tlic low pcrcentagc of x t i v c  cclls 
sccii i n  sii1)jvct 1) prol)al)ly ivas due to tlie long 
pcriocl of colitincncc (scveral months) whicli prc- 
cc~1oc1 tlic olitaining of this particular spcciincn. 
I f  tlie sc~nic:n of subject F ever \viis affcctcd by the 
i.cl;iti\~:iy sm:tll nmount of rndiation he received, 
tlic only cs;iniin:ition ni;itlc (Novciiibcr, 1DG1) g:ivc 
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