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The9 Cheiniats were insdvertantly expoeed t o  polonium. 
I t  Is belisved that the exposure occurred during the transfer of a 
hot solution from a Leaking ke t t l e  t o  a carboy, the route of con- 
tamination being by fnhalatfon. 
could have received a max2nntm doea of  l0 uc in the body (0.13 uc/kilo- 
gram); Chemlst B, a maximum dose of 11.8 uc in the body (0.19 no kilo- 

w/kil~gran). 
cretion apparently vas not an influemi= factor in the rete of eurtivity 
excretion. No evidence of kidney damage due to polonium has been de- 
tected to date. Although there l e  a aasplcion that some aub-clinfazl 
depresofon o f  the hematopoetic system m y  have occurred ae a resalt 
of the ewouure in Chemists 6 and C ,  the data available, t o  date, are 
insufficient t o  support 8 defini te  statement t o  that effect.  

I t  is calculated thrat Chemlst A 

gram); and Chemist C ,  a msxfmum dose of 88.1 uc in the body (1.1 I 
Torcing fluids 80 t b t  there is  Increased urine ex- 

On this proJect,  811 opemtlng personnel eubmit urine 
- specimens once each week f o r  alpha ac t iv i ty  analg91s. The level of 

ac t iv i ty  in the -ne t u  used a8 an indication of the amount of radfo- 
active polonium In the body. The permieeible allowance level ( P A L )  
fo r  personuel IS 12 c./min,/50 ml. of urine or !jc~O d./mln./24 hour 
urine volume. This level. t 1 8 ~  adopted on April  1, 1946, being based 
on the recommendstions made by a conmrittae o f  four health and medical 
authorit ies sssoclated with the Menhattau Project. 
w h o  excretes act ivi ty  above t h l e  PAL is restricted from working with 
active matedial u n t i l  his sscretion is again below this rate. 

' 

Any individual 

Activity detennlnatlone on the routine weekly urine samples 
submftted on January 20-21, 197, revealed that Chemists A ,  B and C 
had exceptionally high counts of 174, 734 azd 2190 c. /mino /50 ml., 
reegectively.' These his !  counts were verified by t e s t s  on new samples. 
The urine counts of theae three Cnenists submi%rari on Jazuary 13$ 1947, 
were all  within the l2 c. /min. /% ml. , permiesible level. 

.4n Inveatigation was imedLately launched t o  determine the 
~011~08 of the Bxpoaure, since there was no roprt of 6 tap111 o r  
accident inrolving aotlve material. Chexiste A and B were assigned 
to the old Pmcess I+boratorg. Chemist C v821 the rugemieor of W e  
hboratoxy and the Marlite Room, spendiag SOIW of M3 tine in each. 
Sinue no other  personnel developed high caants, it l o  aasamed tbat 
the uoarae of the exposure waa f r o m  the old Prouera fn'boratory, tbat 
all three Chsmiato vere probrbly exposed at the -e time, and that 
the exposare occurred Borne t i m s  during the workfng me of January 
13-17. in~1-m. 

Operatore of hand oouutsre who omduct vipe teats on a11 
personnel leaviw the plant ,  both at the l d  hour and at the term- 
ination o f  the work -, did not regart that sny of the three Chemlcts 
wen  req*ted to return t o  the w&mm t o  decontaminate their hands 
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during %hi8 peFio%. 1% 1. bsll.vsd, therefore, that the route of 
contamination was by inhalation and not ingestion; althatlgh the 
la t ter  possibility i e  not conclusively ekimlnatei i .  

A atudy of the aa t iv i ty  air levels i n  the Process kiboxStorg 
vas made. 
t o  be wlthln the ponlss ib le  l i m i t 8  f o r  the period except f o r  J&aary 
17 when O A ~  waa 3.9 and the o ther  2.2; times the PAL of 2400 &/in./& 
meter of air. 

The two g-hour air s q l e r s  In the lab 9heve6 air l @ V 8 l 0  

Operationa conducted i n  the Process Lebomtory duFing th9 
Janorucg 13, Chemist A was the 

On the morning of Janusry 14, Chemist8 A and B atevted 

period January 13-17 were reviewed. 
only man sasigned to the laboratory and he denoted h l o  time to  a l d n g  
equipment. 
the  dsaltratlon of a polonium r o h t f o n  in a enrall kettle fnetde a hood. 
About 30 minutes after the onset, C h e m i s t A  noted that the kettle was 
leaking crs<i immsdiste~y ceaeed operations. Re notified Qerulat C (tae 
superviaor), and it w a a  deoided to  tranefer the active solution froa 
the kettlu, BO that the latter could be repaired. Chendatu A and B 
donned respirators, amooke mer their cweralle, and rubber glome, 
and proceeded t o  transfer the solution to a carboy placed in the hood. 
A vacuum was draw 011 the weboy, aud the solution thereby transferred 
to  i t  from the kettle. The kettle was then rineed 8evera.l times with 
hydrochloric acid and the transfer was completed. 
during theae operations. He took no active ,part in the transfer, but 
atood back of the operators, without a respirator, observing and super- 
vising the work. 

Chemist C wa8 present . 

The afternoon o f  Janumy l b  and daring January 15, Wntsaance 
personnel disaesembled, repaired, aad reinstalled the kettle; and a 
clean-up crew conducted decontamination proceduree. 
developed high urine counts. 

None o f  these men 

On January 16 sui 17, Chemist8 A and B, and a Chemiat D pro- 
ceeded with the denitration in the repairad ket t le  and conduct& other 
operations with the active solution. Chemist D did not develop a high 
urine count. 

F r o m  all the above, no defiaite statement can be made ae t o  
the immediate CSUIB of the contamlnat.ion of the Chemiotr. 
air mmple levels of January 17 are not of sufficient degree to mdre 
one suspect them a8 the ~ource.  
duriw the week ceased no imreaee in the urine counts of the operating 
personnel and, therefore, seem unlikely to  have caused the high count8 
in the Chmista. 
of the week a lso  apgesra t o  be ruled out, since C h e m i s t  D was not affect- 
ed. 

The high 

The clean-up and maintsnance procedures 

The proceseing carried on dutiw the last 3- w8 

By the prwesr o f  elimination, the tirae of exposure e e m  to 
be narrowed down to the morning of Januarg 14, w h 8 n  the kettle contain- 
ing the active solution developed a leak and the wlatfon wae trans- 
fe& t o  the carboy. A l l  three Chemist0 comernod uem present durtng 
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the.traaefar period, Chmlste A and f )  wore remplmtots, but these cgald 
have been donned improperly so that there was 1s-e or the reapizstors 
aray not  have been 100 per cent efficient.  
respirator, 
greater amount of coctmlnatlon than Chemlste A and B. Thle explanation 
I s  suggeeted from the Information available and, although not  conclusive 
evidence, is suspected of being the method of exposure. 

Chemist C d id  not w e & r  a 
This could account for the fact that he rewived a much 

A l l  three Chemists worn metrlctsd from working In t%reaa where 
aative materials were present and aselgned to porltions which sxps f lm 
has shown would nonnelly not raise the urlne coantr. 
rtructed to increase their fluid iatalco t o  a mudmum, 

The mn were in- 

A medlclal e m  of each case was Instituted. Mff l cu l ty  was 
enoountered In obtaining rufflclent eamplee of fecsa and blood for 
act ivity srralysea, end the feu sampleo -cod are not reported, as rn 
slgnfflcant evaluations could be made f r o m  ame. 
2bhour urine specimens vera colleuted and ann2Jsed f o r  activlty; and 
eemi-monthly blood couutlr and monthly urinalyses were performed. The 
rerults of theae teeta are reported In the folloulng aharte: 

Rowever, q o t  and 

Chart 1 - Urine activity anslyres - Chernlat A 

C h a r t  2 - Urlne act ivity 8P8'lyees - Chemist B 

Chart 3 - Urine activity anslysee - Chemist C 
Chart 4 - Cnrph of  activity excretion i n  urfne per day - Chsniet A 

Chart 5 - Graph of act ivity exoretion In urine per day - Chumlet B 

Chart 6 - G w h  of activlty excretion In urine per d a y  - Chemiat C 

Chart 7 - Boutins u r i a d y s e s  - Chemist 11, a, end C 

Chart 8 - Blood counts - Chemist A 

Chart 9 - Blood counts = Chemimt B 

C h a r t  10 - Blood counts - Chemist C 

Chart 12 = Graph of WBC counts - Chemist 23 

Chart 13 - Graph of 'JBC count8 - Chemist 0 

An attempt at determlning the maximum posaible ammt of poloaim 
roceived 'bp eauh Chendst was made. 
highest o f  the first few opot sample urine counts obtained per individual. 
Chemist A's  hl&ert count m a  264 c./min./w ml, on Bebnaary 11 (3rd 
sample, tho late date being dno t o  the fact that thir nmn y8a  out of ths 
etate on emergency leave for about three weeke), Arsumlng that the aver- 
age individual axcrctea 1050 ml. of urlne 
11, the total Bctirttp rJrcretionl- = & x = - * c./ea,/b7, 

The ualculatioae uere based on the 

r 24-ho\lr aajr, on Fob- 

5Q 
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Using the decay curno f o d a ,  Nt = N,eoAt, we can f i p e  

The known values am: 
back t o  January 14 ( ~ h s  suepected date o f  oxposure) by substituting 
the known values a~c? solving tne formula for 8,. 

T = 28 days (explained later) 

* 9abetitutlng the h o r n  V8lUB8, 

= 5544 x 2 = 11,088 o r  spproximateb 11,000 c. /min. f&y 

11,000 multiplied by 2 6 2.2 x 104 d./Qin. /day 

Assuming again t2s.t 0.1 per cent of the polo fm in the 
body i a  excreted in  the =ins per day, we get  2.2 x 10 e x 103 = 

them are 2.22 x 10 t';" d./min. pcr microcurie, therefore, 2-2 x 
2.2 x 107 d./min. f m t h e  polonium fn the body. 

approximately 10 microcuries of  polonium in the body as the nmxfmum 
pOf58fb10 dose. 
calculated, therefore, that a m8ximm dose of 0.13 ac/Mlogrem could 
have been mceived by this man, 

Chemist B1 8 highest comt was 734 c./min. f5O ml. 

By definition, 

2.22 x 10 
z 

Chemist A weighs 72.7 )h i logma (160 lba). I t  i s  

( l e t  aanrphe 
submit tec! January 20. ) 
11.8 uo o f  polonium aa tho m a x i m  amount In the body. 
61.3 kilograms (135 lbs). 

Calculating as above, we obtain a figure of 
Chemist B veighe 

The msximom acute dose is ,  therefore, 0.19 

Cherniat C ' o  highest count o f  31615 c./mia./% ml. 

'jL! /Idlogram. 

Sfmllarly, 
(4th ample Januam 24) we get  a figure o f  88.1 uc of polonium i n  the 
body. 
calculate a mruinrum acute dose of 1.14 uc/kflogram. 

Chemist C ' s  weight i s  77.27 kilograms (170 lbs). Ue, therefore, 

From the data i n  Charta 1, 2, and 3, gmpb were prepared for 
each individual, plot t ing  the amount o f  activlty excreted in the urine 
per day sgainet tine. 
half-life of  polonium io no greater than about 30 daya, and a figure ' 

of 25 days haa been generally accepted. 

Previous data eeem to indicate that the biologfcal 

l o r  0868 in graphing, a 28- 
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half-life vas aemumed and the anticipated reduction o f  urine 
aet ivi ty  wag plotted. 

Inepection o f  the grepho (Charts 3.4, and 5) reveals that 
there wa9 an actual rielpi of return t o  the PAL nmglng from 1-5 ueeke 
after the expected date. 
body half-l ife was greater than 28 -8. This delay, howwer, could 
be explained by the fact that, althou& the Chemists were restricted 
f r o m  working w i t h  activity aud assigned t o  duties in relatively alean 
areas, sti l l  these areas m e  adjticent to ops ra t iw  laboratoriee. 
Though the alr levels here are, 8s 8 rule, well below the PAL, they. 
are, crevertheleae, vel1 above normal bwkgrouad for alpha sctivttt. 
During the monthr of worltlng in these areas, the Cheaiete could have 
inbasdl or ingested enough ac t iv i ty  t o  eLcrcormt for the delay in return- 
l w  t o  the PAL. I f  18 fe l t  fhst thi8 gor8ibilitf 2s ths moly) l i k e 4  
one to erp’lsin the delay, end that the asaumed bio logiml  half-life 
l a  approrlnaately correct. 

This ‘data might lead one to  suspect that the 

From the figwes obtained on the total voltunes of urine 
excreted per w ,  it 18 ePfdent that i n  general aL1 three men co- 
operated quite well wlth the instruction t o  force fluids. I t  ma~ 
hoped that the Increased urine output would result in an increased 
excretion of activity 80 thst the Individuals would more r s p i d 4  retam 
t o  the PAL. 
t o  the PA& in all three cmes, however, did not substsatiate this 
hypothesis, 
per Cent of excretfon of ac t iv i ty  (based on t o t a l  activity I n  the body) 
early in the course of this study wi$h a relative decrease l a t e r .  
cqpeara, therefore, that In  these cases the r a t e  of excretion of 
activlty was lndepsndeint of the daily urine volume, 

The actual ac t iv i ty  excreted and the delay fn returning 

Them vas, e l so ,  no evidence o f  a re la t ive  hCtss8e la 

It 

A study of the urinalyses reports reveals no sfgnificant 
abnormal findingo. I t  can be stat& that, t o  date, no evidence of 
kidney damage has been found i n  sny of the three men. 

A n a l y ~ f s  of the blood counts ( m a r t s  8.9, and 10) rareall 
It i a  of I n t e r e a t  t o  note, however, no defini te  R b ~ O r m a l  findings. 

that in the caae of Chemist B (Chart 12). all ‘6BC count8 Prom vhe 
perlcd starting approximately s ix  weeks after the exposure t o  the 
present time have been =der 7000, w i t h  f ive samples being below 5000. 
It is t o  be noted, also, that In the case of Chantat C (Chart 13). 
where only one of swan WBC m a t e  taken in the Ig-month poriod prior  
to the auute exposure was b e h  7500, pract ical ly  all the count8 sines 
then have been under 7000. 

Whether one can assame that there has been some Bob-clinlcd 
depreerlon o f  the hematopoetic syetem of  these two me= from the meager 
evldenoe presented is 8 ImttOr of con,jectwre. Certainly, at this time, 
the data are considered insnfficient t o  support much e rtatement. 

Chemist A is still employed at this r i t e  and i o  being followad 
w i t h  routine examinatione. 
thelr m~loyment. Attempts at a follov-ag study of these two iadividuale 
are being &e. 

Chemiets B and C have recently terndnated 

1 Q f-l ; p f) er cj 1 L” L 9 



Sample 
BO 

_I_ 

1 

2 

3 
4 

9 
10 

11 

l2 

13 

14 

15 

l 6  

17 

1g 

19 

20 

2l 

22 

23 

. .d 
CURT 1 - 

-CLASSIFIED URINE ACTIVITY 
CEXKIST A 

174 

d 160 - 219 

2) 
Average 

c. /an. /W, 

74 

90 
48 

g9 

33 

23 

56 
29 

17 

9 

29 

26 

15 

9 
19 

3 

9 

- 8 -  
(aont'd. ) 

&lllS*S 

Votal activity 
calwhted from 
highest mpot 
sarPple count on 
barir o f  1050 
ml.. of  mine 
excreted per 
as;v. 

d haalysfs on - another m. 
taken from 
8ame q a t  
oample. 

r Emaunt o f  - 
USC used to 
collect the 
activity from 
the 50ml. 
sample. 



24 

25 

26 

27 

28 

29 

30 

1 1 5  d 2  

- 2  

a 9  - 11 
i 

-73 

'399 

'315 

'42 

'42 

*2P 

blPW 

940 

II ml. - 
obviously 
erroneous 

. 
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11 

12 

1 f 

a t e  
1947 

Jan. 20 

21 

22 

27 

28 

30 
31 

Feb, 3 

lo 

12 

17 

18 

20 

24 

27 

Mar. 3 

6 

16 

13 

1.7 

a 
24 

u 3 -4 2 

cHAR?r 2 

URINlE ACTIVITY IrNu;IsES 
CHEMIST B 

spot Sample 
3. /an* /w. 

(aont' d) 

Remarks 

*Total activity 
calculated fro:? 
highest %pot 
sample count 
on twit4 o f  
l q jo  ml. of 
urlaa excret- 
ed per day. 

- r Reoount of 
dfsc used tc 
co llsc t the 
activity 
from the 50 
m l .  -le. 



- 
23 

24 

25 

26 

27 

28 

29 

3 
3 
32 

33 
34 
35 
36 

37 
)s 

39 
40 

41 

42 

43 

wc 

a l t o  
1947 

Mar. 27 

31 

W. 3 

7 
24 
21 

28 

#as 12 

26 

June g 

16 

23 

9 
Jnls, 7 

14 

21 

28 

- 0  4 
3.l 

la 

25 

Ssgt. 8 

m-67 
CHART 2 (uont'b.) 

i 
Average . bin. l WmI. 

116 

213 

2% 

143 
110 

128 

124 

100 

113 

41 

37 
49 

35 
2l 

13 

18 

14 

23 

20 

8 

14 

9 

Remark8 
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NO. 

1 

2 

3 

4 

5 

6 

7 
8 

9 
u) 

u 

I2 

13 

14 

1.5 

16 

17 

18 

&te 
1947 

Jan. 20 

21 

22 

24 

27 

29 

30 

31 

Feb. 3 

4 

6 

u) 

11 

12 

17 

la 

20 

24 

URSNE ACTIVITY ANALYSES 
CEIZEMIST C 

2 
Averege . /min. /Sod. 

1878 

1379 

1126 

1606 

ro9l 

- 1 2 -  

c, /min. /24hrs. in ml. 

9U 

1383 

1480 

1375 

1435 

(oontod.) 

Remarks 

q o t a l  activity 
calculated fro.- 
highest spot , 

Od rsmple b a d 8  count O f  

lofjo ml. of 
urine excret- 
d per dag. 

r Reoount of - 
disc ueed to 
collect the 
activity 
from ths 50 
nl. s w l e .  



CHART 3 (cont'd.) - 

- 
19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

9 
32 

33 

34 

35 

9 
37 

38 

39 
40 
41 

42 

b3. 

k t e  
1947 

Feb. 

kr. 3 
6 

ln 

13 

17 
24 

zf 
31 

APr- 3 
7 
14 

21 

28 

H a y 5  

12 

19 

26 

June 2 

9 

16 

23 

3Q 

July 7 
14 

Remarks 



- 
44 

45 
46 

41 

443 

49 

5a 

51 

52 

53 

54 

Dgtd 
1947 

July 21 

28 

hug. 4 

11 

S e p t  .12 

19 

25 

Oct. 2 

16 

23 

30 

2bhoa.r S a m 1 8  
Average Total . /min. /%nil. 

92 

79 

c . /min. /24hrs 

- 
Volm 
In m l  

1280 

915 

660 

7u, 

Remarks 

- 14 + 
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EEcu 
ROUTIN3 URINALYSES 
CH3tIISTS A, B, & C 

Albumin S u g a r  B C  M3C Casts Bo. of Pate of S P B  

Chemiet A 

l hhr. 12 1,016 5.5 mz- Xeg. 0 0 0 
1947 

Chemiet B 

1 Feb. 20 1.028 f.5 Heg. Neg. 0 0 0 
1947 

2 W. 25 1.020 5.5 Neg* Reg. 0 0 0 

3 Apr. 15 1.028 5.5 Beg. xeg. 0 0 0 

4 MSY 28 1.022 5.5 Beg. W e g .  0 0 0 

5 June 24 1.03 6.0 Nee;. Meg 1 0 0 0 '  

6 July 10 1.012 5.5 m. ne. 0 0 0 

7 s 0 p t . n  1.022 6.0 1 4  0 0 0 

Chemist C 



1* 

P 

4 

5 
6 

7 
8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

Date 

1946 
Bpr. 1s 

Juls 19 

oct.  15 

1947 
Feb. 11 

Feb. 18 

Bob. 24 

Mar. 4 

Mar. 12 

Har. 18 

Apr. 2 

Apr. 17 

zipre 29 

M a f r  16 

June 6 

June 17 

July 1 

Oct. 14 

iemoglol 
Y103cc. 

17.6 

15.5 

17.2 

15.2 

16. 7 
16.9 

16.0 

16.0 

16.7 

17.0 

17.0 

rl: .o 

16.3 

15.9 
16,o 

17.0 

18.0 

n 

- 

104 

90 

102 

88 

98 

99 

95 

95 
98 

100 

100 

95 

96 
93 

94 
130 

106 

*t 10 

- 
4. sg 

4.82 

5.23 

5.09 

5.23 

4.3s 

4.70 

4.81 

4.32 

4-36 

4.52 

4.60 

5.00 

I!. 28 

4. WI 

4.71 

4.22 

i - 
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