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Summary . 

A. Ent i r e  Pr c t  

This  is the final repor t  to the Chemica i  and Radiological 

Labora to r i e s  under Cont rac t  No. DA 18-108 CML 2 5 9 7 ,  Order  No. 1-13034, 

on the r emova l  of radioactive contaminants f rom skin. 

In accordance with the provis ions of the contract ,  the 

decontaminating efi iciency of var ious soaps and syndets  were  evaluated. Their 

effect iveness  was de te rmined  on th ree  types of s u r f a c e s ,  meta l l ic ,  animal  skin, 

and human skin. 

The culmination of the project ,  however ,  was  the formuia-  

t ion of s e v e r a l  super ior  decontaminating agents for u s e  on human skin. In the 

t e s t s  with the l imited number of paid subjects  avai lable ,  the Contractor 's  de-  

contaminant formulat icns  compared  very  favorably with commercial ly-avai l -  

able products.  It is felt,  however ,  that fur ther  experimentat ion with humans 

would probably pe rmi t  development of even more  effective decontaminanta. 
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B. Fourth Quar te r  

This r epor t  cove r s  the work completed dur ing  the final 

r of the contract .  

L i t e ra tu re  per ta ining to  the decontamination of human 

subjects  i s  presented.  

The exper imenta l  work was  devoted to  the decontamination 

of an imal  and human skin.  

and seve ra l  superior  decontaminating composi t ions were  developed and evaluated. 

A 5 0% solution of the following gene ra l  fo rmula  was found to be  m o s t  effective 

on human skin: 

Representat ive soaps  and syndets were  evaluated. 

30.0% detergent  

b5.0% seques t ran t  

5.07' carboxymethyl cel lulose.  
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1 .  Introduction. 

The f i r s t  phase of the con t r ac t  was  devoted to  an intensified co-ordin- 

The l i t e r a tu re  was  thoroughly surveyed under atlon of all  pertinent information. 

the following headings: 

A.  Decontaminating Agents 

(1) Abras ives  

(2 )  Chemica l  Reac tan ts  

( 3 )  Surfactants  

a. Soaps 

b. Synthetic de te rgents  

1- Cationic 

2 -  Anionic 

3- Non-ionic 

4- Ampholytic 

(4) Sequester ing Agents 

B. Soils 

C. Skin 

D. Radioactivity 

Various l abora to r i e s  working on the problem of decontamination were 

contacted and valuable guidance w a s  secured .  
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The second qua r t e r  saw the development of decontamination technics 

and the evaluation of some  c o m m e r c i a l  products  on copper and s ta in less  s tee l  

s u r f a c e s  and on the skin of the rabbi t .  A study was a l so  made on the effect of 

success ive  washings. 

Animal experimentat ion was emphasized during the third qllarter.  

Decontamination technics  were  improved and developed, and the determination 

of the efficiency of soaps and syndets  was  continued, using both the skin of the 

r abb i t  and of the pig. 

In anticipation of the use of human subjects ,  metabol ism and absorp-  

t ion s tudies  on the rabbi t  and pig w e r e  conducted. These pre l iminary  animal 

absorp t ion  s tudies  were  requi red  by the Atomic Energy Commission p r io r  to 

the i r  grant ing of approval for  experimentat ion with humans. 

absorp t ion  of the following contaminants was  studied in  animals:  

The percutancoua 

A. 

B. Neutron-irradiated so i l  

C. Carbon-I4  labeled soi l  

D. Radioactive so i l  f r o m  Nevada t e s t  s i te  

Final ly ,  following the approval of the Atomic Energy Cornmission, the 

Synthetic city so i l  plus f iss ion products 

u l t imate  aim of the cont rac t  was  attained in the  fourth quar te r .  

of p e r m i s s i o n  for the use of human subjects ,  s eve ra l  super ior  decontaminating 

agen t s  w e r e  formulated for use on human skin. These  and commercially-avail-  

able  p roduc t s  w e r e  evaluated and their  comparat ive - efficiencies were  tabulated. 

With the granting 
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2 .  Literature Survey. 

Only one recent  publication has  been found that 1s of direct relevance 

to  the decontamination of living human skin. 

and because it  is feared that it  may not have the wide circulation it  mer i t s ,  a 

l iteral translation is appended to this report.  

Because of its great importance, 

L 
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3. Exper imenta l  Work. 

A. Four th  Quar te r  

Although evaluation of the efficiency of soaps and detergents  

on human subjects  was the mos t  impor tan t  work  of the fourth q u a r t e r ,  some 

fu r the r  exper iments  were c a r r i e d  out  on rabbi ts .  Most of the rabbi t  work was 

done in connection with another pro jec t  in  th i s  laboratory,  but i t  is included in 

th i s  r e p o r t  because of i t s  obvious in t e re s t .  

As in previous work,  the rabbi ts  were clipped and contam- 

ina ted  with an  aqueous suspension of synthetic soi l  and fission products.  After 

the contaminated a r e a  had dr ied  thoroughly in  a i r ,  it was counted, swabbed for 

one minute with cotton appl icators  of the type known a s  Q-tips soaked in  de te r -  

gent ,  and the excess  detergent  removed with absorbent t issue paper.  This was 

followed by r ins ing  for half  a minute with a Q-tip soaked in water ,  drying with 

abso rben t  t i s sue  paper ,  and a final count was  taken. 

obtained: 

The following results were 
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0.7% Calglo 

0.35% Ivory 
t 0.35% Calgon 

5% Tide 

5% Carolite 1000 

0.2% Tide 
+ 0.57. Calgon 

0.2% Ivory 
+ 0.5% Calgon 

0.7% Calgonite 

0.35% Surf 
t 0.15% Calgon 

5 %  DC(6) 

10% Flobar 

0.7% Noca 

5% os@’ 

TABLE I 

Live Rabbit Skin 

Initial count Fina l  count % Removed 

28300 800 97.2 

2 1500 625 97.1 

17500 500 97.1 

22300 670 97.0 

23700 769 96.8 

30500 1090 96.4 

26400 

32300 

29400 

20900 

32800 

45000 

29200 

53200 

33900 

35300 

58600 

1000 

1250 

1090 

850 

1470 

2180 

1400 

2800 

1950 

2100 

3 540 

96.2 

96.1 

96.1 . 
95.9 

95.5 

95.2 

95.2 

94.7(7) 

94.2 

94.1 

94.0 (7) - 
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TABLE I (Cont.) 

Detergent Ini t ia l  count Final  count 

0.5% Surf 26400 1630 

0.35% Kirkman Flakes  
34800 + 0.15% Calgon 2160 

0.7% Tide 26200 1730 

0.35% Oxydol 
t 0.15% Calgon 23300 

O.35yC Kirkman Flakes  
33600 t 0.35% Calgon 

1580 

2320 

0.7% Ivory 31200 2170 

1:6 Radiacwash 30400 2270 

0.5% Oxydol 22600 1930 

29900 0.35% Kirkman F lakes  
t 0.15% Versene-2(9) 

3000 

0.7% Kirkman Flakes  33900 3460 

0.35% Kirkman F lakes  
29000 3120 

t 0.15yo Sodium Ci t ra te  

0.5% Kirkman Flakes  28900 3280 

0.7% Oxydol 26100 3070 

% Removed 

93.8 

93.8 

93.4 

93.2 

93.1 

93.0 

92.5 

91.5 

90.0 

89.8 

89.2 

88.6 

88.2 

(1 )  30% Duponol M E ,  65% t r i sod ium sa l t  of ethylene diamine t e t r a -ace t i c  acid 
(monohydrate), 5% Carboxymethyl cel lulose.  

30% Duponol M E ,  65% te t rasodium s a l t  of ethylene diamine t e t r a -ace t i c  
acid,  5% carboxymethyl cel lulose.  

30% Ivory, b5% t e t rasodium salt of ethylene diamine t e t r a -ace t i c  ac id ,  
5 % carboxymethyl cellulose.  

33 

v ( 2 )  

(3)  
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TABLE I (Cont . )  

(4 )  30% Duponol M E ,  651. disodium sa l t  of ethylene diamine te t ra -ace t ic  acid 
(dihydrate),  5% carboxymethyl cellulose.  

( 5 )  30% Ivory, 65% adjusted Calgon. 5 %  carboxymethyl cellulose.  I c 
( 6 )  30% Duponol M E ,  65% adjusted Calgon, 5% carboxymethyl cellulo.sc. 

( 7 )  These t e s t s  were per formed on a rabbi t  whose skin was definitely affected 
by  some d i sease ,  hence the r e su l t s  m a y  not be s t r i c t ly  comparable  to  the 
o thers .  

( 8 )  Disodium salt of ethylene diamine te t ra -ace t ic  acid (dihydrate). 

9 a v  

D c 

0 5  
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Even a hasty p e r u s a l  of the above tab le  revea ls  how impor -  

tant to a formulat ion a good seques t ran t  m a y  be .  

case  of a soap ,  for  the seques t ran t  will inhibi t  the format ion  of st icky precip-  

i t a tes  and allow the detergent  p rope r t i e s  of the  soaps  fu l l  play. 

is the supe r io r  per formance  of the formula t ions  identified a s  IC. DZV, D3V, D4V. 

and I4V. 

re lat ively e a s y  t c  p repa re  a formulation at l e a s t  equal  to the b e s t  commerc ia l ly-  

avai lable  detergent .  

T h i s  is par t icu lar ly  so in the 

Of in t e re s t  a l so  

They were  formulated i n  this  l a b o r a t o r y  in  the be l ie f  that  it would be 

It is seen  that  the r e s u l t s  obtained fully substantiate this 

view. 

The effect of adding s i l i c a  ge l  t o  the detergent  was  t r ied  at 

T h e  s i l i c a  gel used was a product of the two different  de te rgent  concentrations.  

Dnvison Chemical  Corporation of Ba l t imore ,  Md., 200 m e s h ,  code number 22-08- 

X-2926. The de tergent  used was a formula t ion  consis t ing of 30% Duponol ME, 

70% t e t r a sod ium sa l t  of ethylene diamine t e t r a - a c e t i c  ac id ,  and 5 %  carboxymethyl 

cel lulose,  abbreviated to D4V in  these  tab les .  

subjec ts  having s o m e  so r t  of skin affection common among rabbi t s ,  and hence 

the r e s u l t s  obtained. although comparable  among  themse lves ,  cannot be compared  

to those  obtained on healthy animals .  

These  t e s t s  were  per formed on 
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Live Rabbit Skin 

Detergent: D4V 

% Detergent % Si l ica  Gel Initial count F ina l  count Removed 

1 0 32400 2700 91.7 

1 0.1 29300 1100 96.2 

1 0.5 34300 2700 92.1 

1 1.0 33700 3350 90.0 

5 G 24400 1100 95.8 

5 

5 

0.1 40900 2300 94.4 

0.5 23800 1050 95.6 

5 1.0 17000 800 95.3 

It is s e e n  tha t  the addition of silica gel in quantities up to one 

p e r  cent  does not affect  the de te rgent  efficiency appreciably.  

the de tergent  concen t r a t i c i  is a ve ry  important  factor.  

On the other hand, 

A s  soon as the c e c e s r a r y  authorization had been obtained 

f r o m  the Atomic Energy  Commiss ion ,  work on human subjects  was  started.  Six- 

t een  paid volunteers w e r e  used. 

a physician,  with spec ia l  a t tent ion being given to any possible  a l le rg ie r  o r  derma-  

tological dis turbances that might be  present .  

w e r e  used. 

They were first given physical  examinations by 

Natural ly ,  only healthy subjects 
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Subject 

A 

B 

C 

D 

E 

F 

C 

H 

I 

J 

K 

L 

M 

N 

0 

P 

TABLE III 

Charac ter i s t ics  of Human Subjects 

Sex 

m a l e  

m a l e  

m a l e  

m a l e  

male  

m a l e  

female  

m a l e  

f ema le  

m a l e  

female  

m a l e  

m a l e  

f ema le  

m a l e  

m a l e  

- Age 

35 

32 

26 

50 

29 

45 

22 

38 

22 

24  

23  

30 

25 

19 

24 

33 

Skin 

fair 

d a r k  

d a r k  

fair 

fair 

f r e c k l e d  

f reckled  

fair 

fair 

fair 

d a r k  

fair 

d a r k  

fair 

fair 

fair 

- 10 - 

Color of Hair  

brown 

brown 

black 

blond 

black 

blond 

brown 

brown 

brown 

black 

black 

black 

black 

black 

brown 

brown 
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The ha i r  f rom an a r e a  of severa l  squa re  inches a t  about 

the middle of the outer side of each f o r e a r m  w a s  removed with e lec t r ica l  clip- 

p e r s .  

any way. 

penci l  on the skin: one on  each f o r e a r m  and one on each palm. 

o ther  t r ea tmen t ,  the contaminant w a s  added slowly, allowed to  d r y  in air, and 

the act ivi ty  determined. 

w i t h  a 1.4 mg./cm.Z mica end window. The Geiger tube was surrounded by a 

t ightly fitting cardboard cylinder which extended one-half inch beyond the end 

window. 

cyl inder  on the c i rc les  that enclosed the activity. The four contaminants de- 

s c r i b e d  in  previous r epor t s  were  used. 

the carbon-labeled synthetic so i l ,  and the neutron-irradiated synthetic soi l  were 

appl ied in  alcoholic suspensions.  

The  synthetic soil-fission products contaminant was an alcoholic suspension con- 

taining about 0.3 mg. of soi l  and enough fission products to give about 2000 counts 

p e r  minute  in  each 0.025 ml. of suspension. Each skin a r e a  used waa contaminatec 

with 0.025 ml. of the suspension jus t  described. Washing was  per formed by the 

p rocedure  already descr ibed for the work on rabbits. 

Special c a r e  was taken during this  operation not to damage the .kin in 

Ci rc les  of about one inch in d iameter  were drawn with a soft wax 

Without any 

The counting was dona with an unshielded Geiger tube 

Constant geometry was a s s u r e d  by  holding f i rmly  the end of cardboard 

The soil  f r o m  the Nevada tea t  grounds, 

About 0.3 ml. of suspension waa used each time. 

- -  
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Contaminant 

Neutron-irradiated 
synthetic 3011 

Carbon-14 labeled 
synthetic soil  

Soil f r o m  Nevada 
Test Site 

Synthetic soil  plus  
f iss ion products 

TABLE IV  

F o r e a r m s  of Human Subjects 

Detergent: 5.0% Ivory 

Subject Initial count Final  count $ Removed 

K 13021 100 99.2 
L 5308 95 98.2 

J 1717 
K 848 

26 98.5 
2 2  97.4 

I 6931 . 178 97.4 
J 4293 236 94.5 

I 1283 
L 1280 

2%%crrrsmrmr 

U NCLASSl FI ED 
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Contaminant 

Neutron-irradiated 
synthetic soi l  

Carbon-I4  labeled 
synthetic soil  

Soil ‘from Nevada 
T e s t  Site 

Synthetic soi l  plus 
f i ss ion  products 

TABLE V 

Pa lms  of Human Subjects 

Detergent: 5.0% Ivory 

Subject Initial count F ina l  count % Remove 

K 6448 190 97.0 
L 4664 199 95.1 

J 1192 42 96.5 
K 1309 119 90.9 

I .  m a  412 85.5 
J 2136 119 a4.9 

I 1226 286 76.7 
L 1373 49a 63 .1  

Although Ivory is a r a t h e r  inefficient decontaminating agent, 

the synthetic so i l  plus fission products was  the only contaminant tha t  was  held 

tenaciously enough to be of much value i n  these  studies. It m u s t  b e  bo rne  in  mind, 

however ,  that other contaminating or decontaminating procedures  m a y  give quite 

different  r e su l t s .  

The l a s t  two tables  above a l so  show an  in t e re s t ing  aspec t  of 

the problem that  was fur ther  substant ia ted by  la te r  work; viz., tha t  the skin of 

the f o r e a r m  is eas ie r  to decontaminate than that  of the palm. No  differences due 

to  skin pigmentation o r  sex  of the subject  w e r e  detected. 

A dozen products w e r e  tes ted on a synthetic so i l - f i ss ion  

products  mixture  with the following r e su l t s :  

v 
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TABLE VI 

F o r e a r m s  of Human Subjects 

F i n a l  count Detergent 

5 .0% D4V 

Subject Initial count 

M 1570 
N 2530 

$ Removed 

> 99.9 
7 99.9 

Background 
Background 

Background 
5 

5.0% 14V M 
P 

2400 
2200 

>99.9 
99.8 

5.0% D3V N 
0 

1840 
1950 

Background 
25 

> 99.9 
98.1 

5.0% Tide A 
C 
0 
P 

1044 
1620 
2160 
2017 

Background 
Background 
Background 

28 

> 99.9 
p99.9 
?99.9 

98.6 

5.0% Carol i te  
1000 

D 
E 

1486 
1311 

4 
18 

99.7 
98.6 

5.0% DC I 
L 

G 
H 

2406 
2599 

1722 
2229 

3 
44 

99.9 
98.3 

99.8 
98.4 

5.0% Surf 3 
35 

::6 Radiacwash A 
B 

2908 
1567 

39 
40 

98.1 
96.9 

5.0% Oxydol C 
H 

1610 
2431 

34 
56 

97.9 
91.7 

> 99.9 
94.3 

95.5 
93.2 

94.5 
87.3 

E 
F 

D 
F 

1615 
1696 

2635 
2272 

Background 
97 

118 
154 

7 1  
163 

10.0% Flobar  . 
5.0% Palmolive 

5.0% Ivory B 
C 

1283 
1280 
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TABLE VI1 

Palms of Human Subjects 

F ina l  count Detergent 

5.0% 14V 

Subject Initial count 5 Removed 

999.9 
w9 .9  

Background 
Background 

Background 
15 

M 
P 

1240 
1240 

1260 
1400 

5.0% D3V N 
0 

?99.9 
98.9 

99.2 
98.2 

99.1 
99.0 
98.9 
93.3 

5.0% D4V M 
N 

1320 
1358 

1D 
25 

5.0% Tide A 
C 
0 
P 

1080 
1253 
1870 
1525 

10 
12 
20 

102 

5.0% CaroIite 
1000 

D 
E 

1671 
1951 

1676 
1423 

1861 
1173 

24 
72 

98.6 
96.3 

5 . Q %  DC I 
L 

E 
F 

35 
53 

32 
70 

97.9 
96.3 

98.3 
94.0 

10% Flobar  

1:6 Radiacwarh A 
B 

1499 
1379 

48 
152 

96.8 
89.0 

5 %  Surf G 
H 

C 
H 

1984 - 
1187 

139 
100 

93.0 
91.5 

92.4 
89.7 

97.1 
79.0 

76.7 
63.7 

5.0% Oxydol 1326 
1301 

101 
134 

151 
380 

286 
498 

5.0% Palmolive D 
F 

1691 
1884 

5.0% Ivory * B 
C 

1286 
1373 
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F o r  obvious r easons ,  i t  was thought prudent to keep the 

init ial  activity as low a s  possible.  This ,  however ,  resu l ted  in  an added measu re  

of uncertainty, f o r  the final counts were  then often too low for reliability. As a 

ma t t e r  of fact, considerat ion of experimental  conditions throws doubt upon the 

significance of any counts lower than about t en  counts pe r  minute above back- 

ground. Naturally, t h i s  d e t r a c t s  f r o m  the validity of some of the r e su l t s  obtained, 

par t icular ly  for the m o r e  e f f ic ien t  products.  On the other hand, when the products 

used  a r e  l isted according to their decontaminating eff ic iencies ,  they fall in a l m o s t  

the same orde r ,  whether t r i e d  on f o r e a r m  o r  palm. This consistency also extends 

to  the work done on rabbi t s ,  although the concentrations used were  not always the 

same. Consequently, i t  is felt  that the r e su l t s  obtained are probably somewhat 

m o r e  reliable than simple consideration of counting s ta t i s t ics  would indicate. 

As i n  the c a s e  of the rabbi t ,  the formulations developed in 

this laboratory compared  m o s t  favorably with the b e s t  c o m m e r c i a l  products.  

However,  it has not been possible  t o  conduct all the s tudies  that would be essen- 

tial in  order  to formulate  the v e r y  b e s t  possible d c c o n t a h a t i n g  agent. 

fur ther  work be done along theae l i nes ,  it will be n e c e s s a r y  to  use e i ther  a higher 

initial activity o r  a different,  m o r e  pera is ten t ,  contamination procedure,  or both. 

Due to a number of a d v e r s e  c i r cums tances ,  it has  not been  possible to investi- 

gate many important p h a s e s  of the problem. It is to be hoped that  thia situation 

m a y  be  remedied in  the n e a r  future. 

Should 

U N CLASS I FI ED 
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B. Summary of F i r s t  T h r e e  Quar t e r s  

Unless o therwise  specified, the contaminant used consisted 

of a 0.2% aqueous suspension of a synthetic city soil to which a solution of mixed 

long-lived f i ss ion  products had been  added. 

added to  give 5,000 to 50,000 counts per  minute  per  drop. One or  m o r e  drops of 

the contaminant  were  placed on the sur face  to be studied, d r i ed  thoroughly, with 

the aid of an i n f r a - r e d  lamp in the case  of metall ic sur faces ,  o r  by natural  evap- 

ora t ion  in the c a s e  of animal skins, and the activity determined with a Geiger 

counter .  

Enough radioactive material was 

This was followed by washing, r insing,  drying, and counting. 

Washing s t ee l  and copper  discs  one inch in  diameter with an 

ord ina ry  hand brush actuated b y  a mechanica l  sc rubber  gave the following resu l t s :  

UNCLfiSSI FI ED 
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Surface 

Stainless Steel 

Copper 

- 18 - 

TABLE VI11 

Decontamination Technic: Mechanical Scrubbing 

Detergent No. of Cycles  % Removed 

Distil led water 3 
4 
6 

0 .15% Nacconol NR 1 / 2  
t 0.1574 Calgon 1 

2 
3 
4 
9 

27 

Di illed wa 3 
6 

0.15  % Nacconol NR 3 
t 0 .15% Calgon 6 

30 

98.7 
99.2 
98.0 

99.4 
99.7 
99.2 
99.6 
98.9 
99.7 
99.7 

91.5 
98.3 

99 .6  
39.9 
99.7 

Covering the metallic d iscs  with the detergent solution and 

agitating manually for five minutes  with a circular motion gave a l e s s  vigorous 

procedure. 

0 
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TABLE IX 

Decontamination Technic: Manual Agitation 

Surface: S ta in less  Steel 

Detergent  

1.0% Tetrasodium Versenate 
t 0.15% Nacconol NR 

1.0% Tetrasodium Versenate 

570 Carol i te  1000 

0.15% Adjusted Calgon 
t 0.15% Nacconol NR 

0.3% Tide 

0.15% Sodium Tripolyphosphate 
t 0.15% Nacconol NR 

0.3% Radiacwash # 3  

0 . 3 %  Radiacwash #4 

0.3% Radiacwash #Z 

0.3% Standard Radiacwash 

0.15% Sequestrene NA3 
t 0.15% Nacconol NR 

0.37. Radiacwash #1 

0.15% Unadjusted Calgon 
t 0.15% Nacconol NR 

0.3% Noca 

0.3% Radiacwash #8 

% Removed 

99.1 

99.1 

98.4 

97.5 

97.4 

97.1 

96.9 

96.9 

96 3 

95.0 

94.8 

94.5 

94.0 

92.0 

90.8 

- I9 - 
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T.4BLE IX (Cont.) 

Detergent 

1 %  Carolite VK 

0.157’0 Calgonite 
t 0.15% Nacconol NR 

0.15% Sodium Citrate 
t 0.15% Nacconol NR 

0.15% Trisodium Phosphate 
t 0.15% Nacconol NR 

0.3% m o a ( 1 )  

0 .15% Citric Acid 
t 0.15% Nacconol NR 

0.15% Disodium Versenate 
t 0.15% Nacconol NR 

1 %  Flobar 

SB S 1 1 (2 ) 

Distil led Water 

% Removed 

90.5 

90.1 

89.8 

83.2 

83.2 

80.4 

80.1 

71.5 

47.3 

49.0 

( 1 )  A product of the Geigy Company, Inc. ,  New York 

(2)  This product i s  manufactured by the Sugar Bee t  Byproducts C o . ,  Saginaw, 
Michigan 
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TABLE X 

Decontamination Technic: Manual Agitation 

Surface: Copper 

Detergent 

0 .15% Disodium Versenate 
t 0.15% Nacconol NR 

0.15% Unadjusted Calgon 
+ 0.15% Nacconol NR 

Distilled Water 

% Removed 

98 .5  

95.0 

44.3 

- 2 1  - 

Simple immersion in a solution of 0 .15% Nacconol NR and 

0.15% Calgon for twelve hours caused the removal  of 99 .1% and 99.4% from 

steel and copper respectively.  

Success ive  washings with intervening drying gave the follow- 

ing values: 

UNCLASSIFIED 



- 22  - 

TABLE XI 

Effectiveness of Successive Washings 

Decontamination Technic: Manual Agitation 

Detergent: F. 15% Nacconol NR + 0.15% Calgon 

% Removed Af te r  Total  % Removed Total  7. Removed 
Surface F i r s t  Washing After Second Washing After  Third Wash. 

Stainless Steel 91.7 95.3 96.6 

Copper 95.0 97.6  98.2 

Some experiments  w e r e  per formed on dead rabbi t  skins. 

D r .  Victor H. Witten, consulting dermato logis t  for  this project ,  pointed out that 

death brings immedia te  and important  physiological changes to the skin. Fur the r -  

m o r e ,  no particular experimeRta1 advantages were  found; a s  a ma t t e r  of fact, the 

living animal was e a s i e r  to handle than the detached skin. 

along these l ines  was abandoned e a r l y  and only living animals  used f r o m  then on. 

Consequently, work 

. 
As much of the fur a s  possible was  removed with fine animal 

c l ippers ,  taking c a r e  not to damage the skin in any way. 

in diameter  were  drawn and the a r e a  in the c i r c l e s  dampened slightly to facil i tate 

penetration of the contaminant. 

suspension of sjmthetic soi l  plus fission products ,  w a s  then placed within the 

c i r c l e s ,  rubbed in with a glass rod,  and allowed to  d ry  in air. 

Ci rc les  about one inch 

The contaminant,  about 0.05 ml. of an aqueous 

The activity was 
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determined yith a mica end-window Geiger tube enclosed in a cardboard cylinder 

extending about one-half inch beyond the window. 

brushing with a Nylon surgical brush gave the following results: 

Washing by f i r m  but gentle 

TABLE XU 

Live Rabbit Skin 

Decontamination Technic: Brushing 

Deter gent % Removed 

1:6 Radiacwash 9 8 . 9  

0 .5% Noca 98.2 

0.35% Tide t 0 .15% Calgon 97.3  

0 . 5 %  Tide 

0.5% Ivory 

1.0% Versene + 0 . 7 %  Tide 
t 0 .3% Calgon 

0.35% Ivory t 0.15% Calgon 

5.07. Tide 

Distilled Water 

5.0% Ivory 

96.4 

96.0 

95.7 

95.6 

9 5 . 5  

93 .2  

8 9 . 8  
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-4 l e s s  v:gorous procedure  consis ted of swabbing the contam- 

ina ted  a r e a  f o r  one minute with cotton pads  soaked in the de te rgent  solution and 

r ins ing  fo r  one-half minute with similar pads soaked in  water .  

TABLE XI11 

Live Rabbit Skin 

Decontamination Technic: Swabbing 

Detergent 

5% Carol i te  1000 

Undiluted Flobar 

1:6 Radiacwash 

0.5% Tide 

0.5% Noca 

0.5% Ivory 

Distilled Water 

’7” Removed 

98.3 

91.1 

96.8 

94.3 

91.3 

69.4 

72.7 

Two s e r i e s  of absorption s tudies  w e r e  c a r r i e d  out. In one, 

the contaminant was added in  an  alcoholic suspension. counted, and counted again 

a f t e r  varying lengths of t ime.  
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TABLE XIV 

Percutaneous Absorption in Animals 

Contaminant: Synthetic Soi l  plus Fission Products 

Time elapsed 
Subject in  minutes 1. Change 

Pig 
. I  

.. 

60 
80 
30 
30 
30 
30 
30 
20 

105 
90 
30 

60 
60 
60 
60 

- 2 . 3  
t 2 . 5  
-11.0 
- 1 1 . 0  
- 18.1 
- 1.0 
- 5 .4  
- 7 . 5  
t 4.0 
t 4.3 
t 0.3 

Mean - 4.1 

Mean 

t 1.0 
- 2 . 1  
t 0 .7  
- 4.0 
- 1.1 

- 25 - 
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In another s e r i e s ,  l a rge  amounts of var ious contaminants 

were  placed on the clipped backs  of rabbi t s  and allowed to r ema in  for  varying 

lengths of time. 

sacr i f iced .  

ora ted  to  d ryness ,  and counted. 

the e n t i r e  l i v e r ,  2 0  to 40 rnl. of blood, the bones of both hind legs ,  and some-  

t i m e s  kidneys and a urine sample .  

The contamnated  a r e a s  were then washed and the animals 

Various organs were  then taken,  dissolved in hot n i t r ic  acid,  evap- 

The organs used var ied,  but general ly  included 

The r e s u l t s  obtained were: 

U N C LA S S I FI ED 
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TABLE XV 

Percutaneous Absorption in the Rabbit 

Hours  e lapsed % of applied ac: 
Activity in  between contam- ivity recovered 

Contaminant counts /minute ination and sacr i f ice  in  organs 

F i s s ion  products 106 4 0.2 

Fis s ion  products 106 67.5 0.6 

F i s s ion  products 106 124 0.2 

F i s s ion  products 7 . 6 ~ 1 0 5  
plus synthetic soii 

F i s s ion  products 106 

F i s s i o n  products 106 

p l u s  synthetic soii  

p lus  synthetic soil - 
Neutr on-ir  r adiated 4 . 4 ~  104 

synthetic soil 

Neutron-irradiated 1. lx105 
synthetic soi l  

Carbon-14 labeled 3 . 1 ~ 1 0 4  
soil 

Nevada so i l  7200 

2 0.3 

26.5 0.1 

95 

18 

2.1 

2 .8  

19 0.9 

18 

I 

0. a 

8.9 
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The values for the p e r  cent  of applied activity r ecove red  in 

the organs  a r e  not too rel iable ,  for the counts  obtained on the aliquots used were 

ba re ly  above background. 

absorpt ion of .the contaminants used is probably less than two p e r  cent. 

unexpectedly high value for the Nevada soil was  ascr ibed  t o  accidental  contamin- 

ation and,  for  various r easons ,  not worthy of fur ther  investigation. 

The conclusion m a y  be drawn, however ,  that total  

The 
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4. Conclusions and Recommendations. 

(1) Suitable technics have been developed to  de t e rmine  the efficiency' 

of radiological decontaminants on the human skin. 

( 2 )  Live rabbits w e r e  found to be excel lent  for the development of suit- 

able technics and prel iminary evaluation studies.  F ina l  t e s t s ,  however,  must be 

c a r r i e d  out on the living human skin. 

(3)  Percutaneous absorption of the contaminants used is probably l e s s  

than 2 %  in the case  of the rabbi t  and pig. 

(4) Within very  wide l imi t s ,  the efficiency of a decontamination process  

is independent of the initial activity present.  However ,  g rea t e r  precis ion is poa- 

sible by using higher levels of activity. 

(5) Most of the  activity is removed in  the first washing. 

removes  relatively little of the remaining act ivi ty ,  and fur ther  washing is of 

doubtful value. 

The second 

( 6 )  The palm of the hand is m o r e  difficult t o  decontaminate than the 

forearm.  

(7 )  T h r e e  superior  decontaminating agents  w e r e  formulated: 

(a) 30% Duponol M E ,  65% tetrasodium salt of ethylene d i u n i n  

te t ra-acet ic  acid,  5 %  carboxymethyl cellulore. 

(b) 30% Ivory, 65% t e t rasodium salt of ethylene diuninc 

te t ra-acet ic  ac id ,  5% carboxymethyl cellulose. 
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( c )  30% Duponol ME.  65% t r i sodium sal t  of ethylene diamine 

te t ra -ace t ic  acid (monohydrate) ,  5% carboxymethyl cellulose. 

These products r e p r e s e n t  only initial at tempts a t  formu-  

lating highly efficient decontaminants,  and m u s t  not be thought of a s  the final 

answer to the problem.  

(8) P h a s e s  of the problem that should be investigated may include: 

(a) Contamination and decontamination of hair .  

(b)  Poss ib le  effect of the so i l  used on decontamination 

efficiency. 

( c )  Retentivity of skin a r e a s  o ther  than palm and forearm.  

(d) Development of other contaminating procedures  that m a y  

r e su l t  in g rea t e r  aahes ion  of the contaminant to  the skin. Some of these have been 

considered,  but lack of t i m e  and subjects  h a s  not permi t ted  experimentation a long  

these l ines.  

(e) Test ing of a g rea t e r  va r i e ty  of products, par t icular ly  

syndets,  in var ious  concentrations and i n  combination with various sequestrants  

and other subs tances  that would aid in  the r emova l  of the contaminant. 
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( 9 )  It i s  possible to use  higher l eve l s  of activity than those employed so  

far and s t i l l  remain wel l  within the l imi t s  of safety and the Atomic Energy Com- 

misaion’r requirements.  

Respectfully submitted, 

FOSTER D. SNELL, INC. 

Radiologif 

MZ:!+ Chief Radiologist 

L. C.  Cartwright 
Account Executive 

SS:GS: J JP: LCC : MH 
10 Ozalid copies  
7/11/52 
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SKIN CONTAMINATION BY RADIOACTIVE SUBSTANCES 

MEANS OF PROTECTION AND DECONTAMINATION 

Frorc the Journal  de Radiologle e t  d 'Electrologie,  v. 32,  No. 5-6,  498-503 (1951) 

Trans la ted  by G. Segura 

- 

Radioactive contammation of skin,  especial ly  of the hands, may be 

obse rved : ( l )  

1. In t imes of peace 

2. In t imes of war .  

1. At the p re sen t  t ime ,  a la rge  number of organizations use radioactive 

products ;  l abora tor ies ,  hospi ta l s ,  various indus t r i e s .  agr icu l ture ,  etc. Their n u n  

b e r  can  only inc rease ,  because  the range of isotope uses  becomes grea te r  every 

day. 

Workers  in  the f ie ld  have been given instruct ions on how to handle 

them without danger .  In pa r t i cu la r ,  i t  is recommended to protect  the hands by 

the use  of gloves,  but i t  should be real ized tha t ,  f o r  var ious  reasons,  these sug- 

ges t ions  a r e  not always followed. Fur the rmore ,  accidental  contaminations may 

o c c u r  in spi te  of the precaut ions taken. 

2. However. i t  i s  in  wartime that th i s  question m a y  take on an excep- 

For  s o m e  t ime ,  a s  a ma t t e r  of fact, a new method of aggres-  t iona l  importance.  

s ion  h a s  been discussed:  radiological warfare .  This  would consist  in the spread-  

( 1 )  "Contamination" i s  a F r e n c h  word; "decontamination" i s  not. However, this 
neologism is necessary :  as a mat te r  of fac t ,  the n e a r e s t  t e rm,  "disinfection", 
i s  not prope r ,  since i t  r e f e r s  to the destruct ion of contagious germs. 



UNCLASSI f l  ED 
- 2 (A) - 

i n g  of radioactive prcducts  in sufficient q,lantity to kill the people in  the contam- 

inated a rea .  

Radioactive substances o f f e r ,  f r o m  the mi l i ta ry  point of view, a 

double in te res t :  they a r e ,  f i r s t  of all, dangerous and cannot be detected except by 

the use of special ,  expensive,  and complicated apparatus;  on the other  hand, some 

of t h e m  can kill in even extremely sma l l  quant i t ies :  making them the m o s t  violent 

poisons known. 

Radioactive substances may be d ispersed  for  aggress ive  purposes  in 

s e v e r a l  ways: 

a )  Explosion of an Atomic Bomb - When an  atomic bomb 

explodes in a i r ,  only the immediate radiat ion (gamma and neutrons)  i s  to be  feared ,  

for the radioactive products a r e  c a r r i e d  high into the atmosphere (save,  perhaps ,  

i n  the c a s e  of rain) ,  and any dangerous neutron-induced activity cannot b e  found on 

the ground or on objects. 

In the c a s e  of an  underwater  or ground explosion, a large 

number  of radioactive products remain ,  and the contarnination i s ,  t he re fo re ,  con- 

s ide rab le .  

This  last method, however, could not neutral ize  extensive 

Contamination of the en t i re  sur face  of the ear th  would r equ i r e  about one reg ions ,  

mi l l ion  atomic bombs: one for eve ry  500 kmz.  

UNCLASSlFl ED 
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b )  Hydrogen Bomb Explosion - Aeria l  explosion of an H-bon 

would hardly l iberate  a n y  m o r e  radioactive substances than those of the atomic 

bomb which s e r v e s  as the detonator.  

Howevei ,  i t  would doubtlessly be possible  to produce a 

l a rge  quantity of  radioactive substances by using the considerable  number of 

neutrons emitted by the thermo-nuclear  bomb. By sultably surrounding a hydroge 

bomb with some par t icu lar  e lement ,  it  would be possible ,  according to Szi lard,  to 

produce a radioisotope, such a s  cobalt-60, in sufficient quantity to  kill the popu- 

lation of the ent i re  ear th .  According to h i m ,  this would r equ i r e  50 tons of neutror. 

which should be l ibera ted  by 10.000 tons of deuter ium. 

produced in ten y e a r s  by a countrv having the economic impor tance  of the Unitqd 

States .  

This  quantity could be 

c )  By-products  of Atomic Piles - Radioactive contamination 

m a y  be accomplished without r ecour se  to an explosion by the d ispers ion  of the 

radioactive by-products removed f rom atomic piles.  

This  idea was first mentioned in the H. D. Smyth repor t ,  

and has  been long s tudied by H. Thi r r ing  of the University of Vienna. He estimate 

that by 1960 the U. S. would be  able to  contaminate monthly 4,500 km2, and the 

U. S. S. R . ,  3,000 kmz.  

UNCLASSIFIED 
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The radioactive products  f rom the pi les  would be  mixed 

with fine sand  and spread by airplanes and guided mis s i l e s .  

a ton of the finished product,  could contaminate  an a r e a  of 167 kmZ. 

An a i rp lane  car ry ing  

* 
* *  

In spite of the competence of  the  au tho r s  of these s tudies ,  radiological 

war fa re  is st i l l  in the domain of scient i f ic  speculat ion,  and we m u s t  hope that it 

m a y  r e m a i n  the re  forever .  

handle radioelements:  also, it  would be  useful  to undertake experimental  r e s e a r c h  

The immedia t e  p rob lem concerns  the personnel  who 

+ 

on pro tec t ion  and decontamination of the skin. 

EXPERIMENTAL TECHNIC 

The experimental  technic was  as follows: 

1. Hammer  handles were first ac t iva ted  by the deposit ion of thorium. 

In o r d e r  to accomplish this ,  the tool is p laced  for  I5 minutes under a be l l  jar 

enclosing a cupel of radiothorium-thorium X. 

2 .  A subject was asked to  h a m m e r  a shee t  of lead with the radioact ive 

tool, with one hand, for 30 to 45 minutes .  

3.  At the end of this per iod,  the act ivi ty  on the hand was  measu red ,  

( init ial  activity).  

4. 

5 .  

The chosen decontamination p rocedure  was  then per formed.  

Finally,  the residual  act ivi ty  was  m e a s u r e d  and compared  with the 

initial activity.  U NCLASSl FI ED 
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Activation by thor ium was  chosen because  the s h o r t  half-lives of its 

In fact ,  the activity on the hand was negligible descendants remove all danger .  

on the following day, and none a t  a l l  one day la te r .  

Table I gives the cha rac t e r i s t i c s  of the contaminat ing agent. 

TABLE I 

Contaminating Agent 

Z - 
T hA 84 

ThB 82 

ThC 83 

ThC' 84 

ThC" 81 

A 

216 

- 

212 

212 

212 

208 

Isotope 

Po 

Pb 

Bi 

Po 

T1 

Hall-Life Ene rgy  in MeV 

0.168 s 

10.6 h 

60.5 rn 

3xlo- 's  

3 . 1  m 

d :  6.77 

($:0.36; (0.59) { f :0.43;0.71;0.238 
L e -  

B : 2.256 
f :0.73; 1.80 
d : 6.0 5; 6.08; 5.7 6; 5.60; ( 5 . 6 2 )  
T :O. 15 to 2 .20  

a: :8.78 

8 :1 .805  
9 : 2 . 6 2 ;  0.57; 0.5 1;0.277 

Note: Numbers  in parentheses  a r e < l % .  
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UNCLASSIFIED 

- 6 (A) - 

Experimental conditions were chosen so a s  to give 250 counts per  

second when the hand was held 10 cm. from the measuring apparatus without 

intervening absorbers .  

The act ivit ies  were measured with an instrument built by  the A.E.C. 

(figure 1 ) .  

FIGURE 1 

Diagram of the Counting Apparatus 

High Voltage 

I 
. 

- -. - .~ _ -  

Integrator 

4 Counters t Preamplifier 
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This  instrument cons i s t s  essent ia l ly  of four  counter t&es in a small  

box on a stand. The thin walls o f  the counters  r e s t  on the per fora ted  plexiglas 

bot tom of the box. 

a b s o r b e r .  

the coun te r s  a t  a prede termined  dis tance.  

h metall ic shu t t e r  j u s t  beyond may be used a s  a radiation 

To measu re  the act ivi ty ,  the hand was placed f la t ,  the palm facing 

The counters a r e  s e t  in pa ra l l e l ,  connected to a preampl i f ie r  and fed 

the r equ i r ed  high voltage. 

An integrator  indicates  the ave rage  counts given by the counters .  It 

h a s  3 r anges :  50 cps ,  100 cps ,  and 250 cps .  

This  instrument  h a s  a lways  functioned remarkably well. About one- 

hundred exper iments  were pe r fo rmed .  

RESULTS 

I. - Degree and Distr ibut ion of the Contammation 

1. Experience has  shown that the degree of contamination depends on: 

a )  Activation per iod  of the hammer  handle - This ,  af ter  some 

L e s s  than this,  the handle did not becorr p r e l i m i n a r y  work,  was s e t  a t  15 minutes .  

ac t ive  enough, at l eas t  under the exper imenta l  conditions employed. 

b )  Manipulation per iod  - Suitable degree of contamination r e -  

q u i r e d  hammer ing  for 30 to 4 5  minu tes  under the experimental  conditions. It is 

i m p o r t a n t  t o  c a r r y  out the h a m m e r i n g  fo r  at l ea s t  half an hour  and with  vigor in 

o r d e r  t o  impregnate  the skin with the  radioact ive par t ic les  thoroughly. Beyond 



t h i s  Ter iod ,  the contan;lr .xtlon increases  l i t t le.  a s  i f  some <quilibrium had been 

reached. (Figure 2 )  

200 - 

Counts 
Per  100 - 
second 

50 - 

I 

/ 
/ 

Minutes 

1 5 10 15 20 2 5  

FIGURE 2 

Activity of the Hands as a Function of the Manipulation Time 
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C )  Nature of the skln - The contamination i s  l e s s  pe r s i s t en t  

on delicate than on thick and calloused skins .  

wea the r ,  likewise modifies the degree  of contamination. 

Pe r sp i r a t ion ,  par t icu lar ly  in hot 

2. The hand does not contaminate uniformly. The ac t iv i t ies ,  measu red  

with a single counter ,  a r e  l is ted in decreas ing  order  i n  Table 11. 

TABLE I1 

Distribution of Skin Activity 

Region 

Median 
Proximal  
Digital 
Distal 

Activity (cpm)  % - 
65,000 36 
60,000 33  
38,000 2 1  
17,000 10 

This  distribution is of some  in t e re s t ,  for  it indicates the reg ions  that  

should be decontaminated most  carefully.  

11. - Decontamination Procedures  

Logically,  a l l  t es t s  should have been done on the same  subject,  then 

r epea ted  on other pe r sons  in order  to take into account individual variations;  the 

ave rage  of the r e su l t s  obtained would thus have offered a well-based classification 

of the different experimental  procedures .  

This  pro jec t  was not c a r r i e d  out. As a mat ter  of fact ,  the length of the 

t e s t s  l imited the number of subjects  that  were  not annoyed by the i rk some  hammer 

ing. As a r e su l t ,  i t  w a s  possible to p e r f o r m  only p a r t  of the procedure an each 

UNCLASSt F I ED 
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subject,  The s imples t  method of all ,  brushing with soap ,  was  t r i e d  on all rubjects 

This  was the method used a s  a compar ison  s tandard.  The r e su l t s  a r e  

l i s ted  in  Table Ill. 

activity left by that p r o c e s s  i s  10% g r e a t e r  o r  s m a l l e r  than the activity left by 

brushing with soap. 

T h e r e  the  index t10 o r  -10 given t o  a p r o c e s s ,  m e a n r  that the 

TABLE I11 

Residual Activity of the Decontamination P rocedures  

(These  values  a r e  r e f e r r e d  to the res idua l  activity of brushing with soap.) 

I N  HC1 t Mergi ta l .  . , . . . . . . . . . . -21  
Cit r ic  Acid . . . . . . . . . , . . . , . . -10 
Ci t r ic  Acid t Mergi ta l  . . . . . . . . . . -7  
Soap t Sawdust . . . . . . . . . . . . . . -7 
0. IN HC1 t Mergi ta l .  . . . . . . . . . . . -5 
1N HC1 . . . . . . . . . , . . . . . . . . - 2  
P e r m a n g a n a t e .  . . . . . . . . . . . . . . 0 
Soap t Mergi ta l  . . . . . . . . . . . . . . 0 
3-33 Soap . . . . . . . . . . . . . . . . . t 3  
Titanium Dioxide . . . . . . . . . . . . . + 5  
Organic Solvent . . . . . . . . . . . . . . t7 
Depilatory , . . . . . . . . . . . . . . . . t 9  
Soap t Starvon. . . . . . . . . . . . . . . +9 
Water t Mergital  . . . . . . . . . . . . . t 8  
PermK.ganate t Mergital  . . . . , . . . . t 1 1  

Lanolin. . . . . . . . . . . . . . . . . . . t36 Brushing alone. . . . . . . . . . . . . . . t 1 4  

1. Brushing with soap - The procedure  cons is ted  in brushing with 

Marse i l l e  soap with two o r  th ree  intervening r insings with tap water .  

a t ion l a s t ed  5 minutes. 

The oper-  

It was repeated twice ,  making a to ta l  of 3 operations. 
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The resu l t s  a r e  l isted below, 

Brushing,  Soaping, and Rinsing 

Residual Activity 

Mean % Maximum % Minimum% 

After the f i r s t  operat ion.  . . . . 3 5  86 16 
After the second operation. , . . 25 56 10 
A f t e r  the third operation. . . . . 23  56 9 

2. Brushing alone - In o r d e r  to de te rmine  the re la t ive  values of the 

mechanical  and detergent  a c t i o x s  of soap  brushing,  the preceding  t e s t  was  repeates 

without soap. 

The average  resid.ia1 activity was  14% higher  than above. 

Brushing with a mixture  of soap  and sawdust  - In o r d e r  to increase  

the de te rgent  action of the soap,  sawdust was  added to the soap powder. This has  

b e e n  recommended by Cruikshank as m o s t  eff ic ient  for the r emova l  of petroleum 

oil s t a ins  f r o m  the hands.  

3. 

The s a m e  tests as above w e r e  repeated.  The res idua l  activity w a s  

7 %  less than that obtained with soap. 

4. Brushing with 3 -33  soap - This  soap is used  in garages  for the r e -  

mova l  of g r e a s e  s ta ins  f r o m  the hands. It is a mixture  of ord ina ry  soap, fine 

sawdus t ,  t a lcum,  formaldehyde, and calcium carbonate .  

a s  those  of t e s t  No.  1 were  c a r r i e d  out with this spec ia l  soap. 

The  same procedures  

They showed that the remaining activity was  3% above that of 

ord ina ry  soap. 
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5 .  R u b b i n g  with c o r n  m e a l  and lanolin - The A.E.C., in  a pamphlet 

enti t led,  "Standard Safety Requlrements" ,  r ecommends ,  in  c a s e  of contamination 

of the hands, to r u b  f o r  2 to 3 minutes  with a teaspoonful of lanolin and c o r n  

meal.  Rinse with w a r m  wa te r ;  repea t  th ree  t imes .  

Tes t s  using this technic showed a r e s idua l  activity 36% g r e a t e r  

than that l e f t  by three  brushings  with ord inary  soap. 

6. Application of T i 0  paste  - F o r  contamination with f i ss ion  products ,  2 

the above-mentioncd paper  recommends  the use of a pas t e  of T i 0  

plied on the skin fo r  at l e a s t  two minutes;  r i n sed  with hot water ;  brushed with 

soap. 

Th i s  is ap-  2' 

W i t h  this procedure ,  the res idua l  act ivi ty  w a s  5% g r e a t e r  than with 

ordinary soap. 

7. Application of a solution of KMnO4 - In the manual  "Safe Handling 

of Radioactive Isotopes", the National Bureau  of Standards r ecommends  the use 

of a saturated solution of KMn04 followed by r insing with a 5% N a H S q .  

des i red  resu l t  i s  to cause  a super f ic ia l  tanning of the skin by the KMnO4, and then 

the removal  of the tanned port ion with the NaHSOj. 

The 

This method h a s  shown that, in  general ,  the r e s idua l  act ivi ty  was  

the same  as that left by o rd ina ry  soap. 

8. Use of a depi la tory - Along the same  line of thought, a keratolyt ic  

agent in the fo rm of a depi la tory  based on ca l c ium thioglycolate was used. 

The depi la tory was  applied to the skin for  10 minutes ,  then removed 

by simply r insing with water .  Residual activity : +?%. 
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9. Brushing with a solut ion of c i t r i c  acid - In a booklet recent ly  pub- 

l ished by the American Government ,  "The Effects of Atomic Weapons", i t  is 

mentioned that the Bikini ships  w e r e  decontaminated fair ly  sa t i s fac tor i ly  with 

sodium c i t r a t e  solutions. 

the f i ss ion  products and the uzfissioned m a t e r i a l .  

In this  fash ion ,  complex compounds w i l l  be  formed with 

This  p rocess  had a l r eady  been  suggested by s e v e r a l  au thors ,  notably 

by Sullivan, f o r  the decontamination of clothing soiled with radioact ive products. 

Experiments  have shown tha t ,  compared  to soap,  the res idua l  

act ivi ty  was diminished by 10%. 

Contaminated hands w e r e  the re fo re  brushed with a 3 %  c i t r i c  acid 

solution. 

10. Brushing with a solution of n o r m a l  hydrochloric ac id  - The A.E.C. 

r ecommends ,  af ter  the previous methods have  failed,  the use of acid solutions. 

The hands should be brushed with a solution of normal  HC1. 

continue for  15  minutes.  

of the skin i r r i t a t ion  produced by  th i s  s t rongly acidic solution. 

The operat ion should 

However,  i t  was  brough to an end af te r  5 minutes  bccaus, 

The res idua l  act ivi ty  was  about the same  (diminished by 2 % )  a s  

a f te r  3 brushings  with ord inary  soap.  

11. Rubbing with organic  solvents  - Evans suggested the use of organic 

solvents  to c a r r y  away the dust fixed on the hands of personnel  working in the prey 

a ra t ion  of radioact ive paints. 

of the following mixture:  xylene: 1; tr ichloroethylene: 1; ethyl alcohol: 2. 

The hands were  rubbed for 5 minutes  with 100 cc. 

The res idua l  act ivi ty  compared  to that of brushing with soap,  was 

+I 70. U NCLASSI FI ED 
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I t  should b e  noted that  this procedure s e e m s  to have been r ecom-  

mended to dissolve the adhes ive  of the paint. 

12. Brushing w i t h  a wetting agent - In hopes of facil i tat ing the car ry ing  

away of radioactive subs t ances ,  exper iments  were  p e r f o r m e d  with seve ra l  wetting 

agents .  It is  logical to th ink ,  in  fac t ,  that  because  of the capi l lar i ty  phenomena, 

the solutions used did not ge t  t o  pene t ra te  to the ve ry  in te r ior  of the skin pores  

in  o r d e r  to withdraw the radioact ive substances that lodged there .  

w e r e  used: 

the Societe Sinnova. 

Two products 

Mergi ta l  and Starvon,  which a r e  a lkylaryl  sulfonates manufactured by  

At first,  the product  alone was t r ied.  The hands were  brushed with 

a 2 %  aqueous solution of Mergi ta l ,  following the technic of t e s t  # l .  

The r e s idua l  act ivi ty  was  8% g r e a t e r  than with soap. 

13.  Brushing with a mix tu re  of wetting agents  - The same  operations 

w e r e  repeated with the following mixture :  

Starvon . . . . . 2 Parts 
Merg i t a l .  . . . . 1 Part 

The r ea idua l  act ivi ty  was  the s a m e  as with ord inary  soap. 

14. Brushing with o rd ina ry  soap and a wetting agent - The s a m e  opera-  

t ions a s  those of t e s t  #1, but  with the addition of Starvon to ord inary  soap increasec  

the r e s idua l  activity by  97%. 

15. Application of a solution of permanganate  and a wetting agent - 

T e s t  #7 was repea ted  adding 2 %  Mergital  to the solutions of permanganate and 

bisulfi te.  

The r e s idua l  act ivi ty  was +11%. 
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16. Brushing with a solution of no rma l  hydrochloric acid and a wetting 

agent - T e s t  1/10 w a s  repeated with the addition of 2% Mergital  to  the no rma l  Htl 

A single brushing was  made  which las ted fo r  5 minutes.  

The residual  activity was  -21%. 

Brushing with one-tenth no rma l  HC1 and a wetting agent - B y  using 17. 

a solution one-tenth a s  s t rong ,  it  was possible  to brush twice, 5 minutes  each 

t i m e ,  without i r r i ta t ing  the skin too much. 

The res idua l  activity was  -5%, 

Brushing with a solution of c i t r i c  acid and a wetting agent - Tes t  #9 18. 

w a s  repea ted  with the addition of 2 %  Mergi ta l  to the c i t r ic  acid. 

The  residual  activity w a s  -7%.  

COMMENTS 

Jus t  as in the c a s e  of radioactive contamination of i ne r t  su r f aces  

(Tompkins) ,  the radioelement  m a y  be re tained on the surface of the skin by  a 

t r ip le  mechanism: 

1. 

2. Physical  - (by adsorpt ion)  

3. Mechanical - (diffusion into po res  of the skin) 

The decontamination p rocedures  a c t  upon one o r  m o r e  of these mech-  

Chemical  - (i.e. ionic exchange) 

ani s m  s. 

--mm 
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During decontamination opera t ions ,  i t  is seen that the activity decrease  

v e r y  rapidly,  and then does not change g rea t ly ,  as if a s ta te  of equilibrium, s im-  

i l a r  to that of contamination, was  reached.  As a r e su l t ,  the effect of a decontam- 

ination agent i s  pract ical ly  fully attained af te r  the f i r s t  t r ia l .  Fur ther  work br ing 

only insignificant improvement.  

the f i r s t  brushing removed 65% of the act ivi ty ,  the second 10% more ,  and the 

th i rd  had no effect. 

Thus ,  in  the case  of brushing with soap ( tes t  # l )  

(Figure 3) 

FIGURE 3 

Residual Activity of the Hands After Each of 

Three  Brushings  with Soap 

UNCLASSIFIED- 
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Whichever method is employed, i t  is not possible to decontaminate c o x  

pletely soiled t i s sues .  It is  t rue  that the exper imenta l  conditions w e r e  unusually 

s e v e r e :  the initial activity was high and the radioactive pa r t i c l e s  w e r e  s t rongly 

a t tached  to the t i s sues .  

Exploration of  the palm of the hand by means  of a counter s i m i l a r  to on 

used f o r  the same  purpose b y  the A.E.C. gave,  in  one case :  

Initial activity . , ~ . . 45,000 counts/minute 
Residual ac t iv i ty .  . . . . 6,000 counts/minute 

The residual  activity,  amounting to 13% of the ini t ia l  activity,  is thus 

c lose  to ten t imes  g rea t e r  than the to le rance  dose ,  which h a s  been fixed a t  700 cpr 

These measu remen t s  r e fe r  only to beta  and gamma radiat ion and not to 

a lpha ,  the tolerance dose of which is much s m a l l e r .  

The lowest res idua l  activity tha t  h a s  been obtained w a s  3% in a test witi 

ac id  solutions. 

dose .  

This corresponded to 1.600 c p m ;  that is to  say ,  twice tolerance 

F r o m  Table 111 i t  m a y  be seen  that  the experimental  p rocedure  may be 

c l a s s i f i ed  in  th ree  categories  by compar ison  with brushing with soap? 

1. Most effective procedure  - brushing with no rma l  HC1 with the ad- 

di t ion of Mergital .  

2 .  L e a s t  effective procedure - brushing alone without soap: rubbing witk 

a m i x t u r e  of lanolin and co rn  meal .  

3. P rocedures  of comparable  efficiencies - a l l  the r e s t .  

IJ N CLASS! FI F 
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For the interpretat ion of this  c lass i f icat ion,  a ve ry  important  point 

should be taken into account. As clear ly  s ta ted  above. i t  was not possible to  t r y  

eve ry  procedure on every  subject.  Naturally,  because  of individual var ia t iona,  

some given method will not give the same r e s u l t s  with different subjects. On the 

other hand, before finally adopting a technic, cer ta in  f ac to r s  should be taken into 

account. F i r s t  of a l l ,  the pr ice:  wetting agents tha t  we have used  a r e  rather ex- 

pens ive ,  something like 300 f r ancs  pe r  ki logram, so that  each  washing of the hands 

c o m e s  to about 3 f rancs .  The expense obviously is not too g r e a t  fo r  laboratory 

personnel ,  but it would become so in  case  of radiological war fa re  when a l a rge  

number  of people having l a rge  a r e a s  of the body contaminated would have to be 

t rea ted .  Certain procedures  can  be used only under exceptional c i r cums tmces ;  

for example,  permanganate solutions. 

HC1. which a r e  efficient, but which cause small b l i s t e r s  on the skin. Also organic 

solvents  which des t roy  the oi ly  protection that cove r s  the skin,  produce a disagree 

able  d r y  feeling and may  faci l i ta te  the penetration of fine radioactive par t ic les .  

This is a l s o  t rue  of solutions of normal 

Concerning radioact ive contamination of i n e r t  su r f aces ,  Tompkins has 

noted that  three var iables  a r e  involved: 

1. Contamination conditions 

2. Contaminated su r face  

3. Decontamination agent 

If one of these f a c t o r s  is changed, the solution of the problem is changed 
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The same  may be said concerning radioact ive contamination of the skir 

It has  been s e e n .  a s  a mat te r  of f ac t ,  that  the decontamination eff ic iencies  v a r y  

with the decontamination procedure ( th i rd  f a c t o r ) ,  and that for a given procedure  

it var ies  with d i f f e ren t  subjects (second f ac to r ) .  

studied. 

different  physical  and chemical s ta tes .  

s e t  a genera l  decontamination method, s ince  so m a n y  var iables  a r e  involved. 

The f i r s t  factor r e m a i n s  to b e  

That i s .  these t e s t s  should be r e p e a t e d  using different rad ioe lements  in 

A s  a r e s u l t  of the above, i t  is difficult to 

Some twenty procedures  have been  studied: these a r e  the most i m p o r -  

tant. 

to believe,  however improbable this  m a y  s e e m ,  that much bet ter  r e s u l t s  than 

those which have been obtained may yet  b e  found.( l )  

The re  a r e  others .  However, the s tudy of the problem is sufficiently advance 

This  is the reason  why, f rom a p r a c t i c a l  point of view, it s e e m s  that 

the s imples t ,  and m o s t  economical,  i f  not a lways  the mos t  efficient, is. i n  the 

l a s t  ana lys i s ,  brushing with soap. 

of other  substances because  of individual va r i a t ions .  

This  m a y ,  however ,  be completed by the use  

The method that seemingly should b e  retained i s  the following: 

A soft  b r u s h ,  ordinary soap, and w a r m  water  

The en t i re  sur face  of the hands should b e  brushed methodically. One 

may begin,  for example ,  on the thumb, then t h e  space  between the thumb and f o r e -  

f inger ,  etc. 

( 1 )  The addition of stable isotopes to the decontaminat ion agent has  not  been  t r i e d  
s ince th i s  method has  not given posi t ive r e s u l t s  in the decontamination of 
i ne r t  su r f aces .  
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Speciai attention should be paid to the p a l m  of the hand, the interdigital 

spaces, and the nails, which should be cut  a s  c lose  a s  possible .  

Strong brushing should be avoided so as not t o  i r r i t a t e  the skin, since 

the l e a s t  sc ra tch  could become a p o r t  of entry.  

The hands should be  r in sed  t h r e e  t i m e s ,  with f r e s h  w a r m  water and not 

with water  f rom prevlous washings.  

This operat ion should l a s t  5 minutes  by the clock. The activity then 

should be determined with a counter .  If the act ivi ty  is above the tolerance dose 

(700 c ~ M ) ,  continue b rush ing  for 5 minutes .  

If, af ter  two opera t ions ,  activity r e m a i n s  above to l e rance ,  it i r  useless  

to t r y  a t h i rd  brushing, pa r t i cu la r ly  since there  is a r i s k  of i r r i t a t ing  the skin.  

b e  m a y  then t r y  one of t h e  following procedures:  

Brushing with D. 1N HC1, o r  3 5  c i t r i c  acid,  with the addition of a wetting 

agent .  while taking all  poss ib le  precaut ions  to  avoid b l i s te r ing .  

Applying a s a t u r a t e d  solution of permanganate ,  followed by  rinsing with 

a 5% sodium busulfite. 

After washing, appiy on the skin some  lanoiin or sk in  cream. 

111. - Protec t ion  Means  

Several  m e a n s  of pro tec t ion  fo r  the hands have b e e n  t r ied ;  first of all,  

r u b b e r  gloves,  then var ious  sk in  pro tec tors .  
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Rubber Gloves - In principle,  rubber  gloves should confer total  protectlc 

However.  since some  worke r s  have doubted i t ,  we per formed one hammering t e s t  

under the usual conditions while the hand was  pro tec ted  with a rubber glove of the 

surg ica l  type. Pro tec t ion  w a s  complete. On the o ther  hand, the glove. after being 

brushed for  15 minutes  with soap, showed a r e s i d u a l  activity of 14%. 

Skin P r o t e c t o r s  - 

a )  Collodion - A collodion solution was applied to  the hands. 

After evaporation, i t  f o r m e d  a thin. d r y  film. After manipulation, the fi lm, which 

developed seve ra l  c r a c k s ,  was removed with e t h e r ,  although with difficulty. 

The protection afforded w a s  50%; that i s  to say ,  the activit 

on the hands was one-half that  of the unprotected hands.  

b )  Tincture  of Benzoin - The hands were covered with the 

t incture  of benzoin which, upon evaporation, le f t  an invisible film. 

moved with alcohol a f t e r  manipulation. 

This was r e -  

The protection obtained was  about the same  as that with 

. collodion. 

c )  Isolex 10 - This product  c o m e s  in  the fo rm of a greasy  

pas te  that is sp read  on the hands like a cream. 

the skin with an invis ible  film which fo rms  something l ike a glove. 

mains  no rma l ,  ne i ther  humid nor d ry ,  and r e t a i n s  its suppleness. 

It d r i e s  in a few minutes, covering 

The skin r e -  

After the tes t ,  dip the hands in  water without rubbing them 

together nor  bending the fingers.  When the film is well-detached, r inse the hands 

i n  p u r e  water .  
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The protect ion afforded 

s a y ,  the hands retained an  act ivi ty  one- f i f th  as 

I t  i s ,  t he re fo re ,  a product Ciat gives cons iderable  pro-  

tection. 

main ing  act ivi ty  often approaches  the to le rance  dose. As a m a t t e r  of fac t ,  in one 

c a s e  decontamination was n e a r l y  total .  

F u r t h e r m o r e ,  as opposed to  the two previous portective agenta ,  the r e -  

SUMMARY 

1. Radioactive contaminat ion of skin i s  a problem of Peace and War. 

2. 30me twenty p r o c e d u r e s  have been  tried. None is capable  of complet 

decontaminat ion of the skin. 

i n i t i a l  activity.  

Residual  activity has  been general ly  one-fifth of the 

3. 

4. 

The s imples t  p rocedure  is brushing with soap. 

Certain sk in  p r o t e c t o r s  a r e  highly effective. 
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Using a mixture of Ultrawet 30 DS and Jaausol, 

a non-ionic d i spe r san t ,  only slightly be t te r  resul t5  were obtained. 

TABLE XXV 

Surface: Human Hair  
Detergent: 5.0% UJC * 

Final Count P e r  Cent Removed Initial Count 

20300 1820 91.1 

I5600 1350 91.4 

16600 1770 89.3 

Mean 90.6 

+ Standard Deviation -0.9 

t Standard E r r o r  of Mean -0.7 

*15% Ultrawet 30D.5, 15% Janusol,  6541, Calgon, 5 %  carboxymethyl 
cellulose. 

Since such excellent results had been obtained 

with the Nonic 218 formulation, it  was decided to t r y  this non-ionic 

detergent alone. 
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TABLE XXVI. 

S u r f a c e :  Human Hair 
Detergent: 5 . 0 %  Nonic 218 

14400 

17700 

13900 

Mean 

Standard De vi at1 on 

Standard Error of Mean 

Final Count Per Cent Removed 

4 4 0 0  69.4 

642 0 63.5 

3240 76.6 

69.8 

- 5 . 3  

- 3 . 8  

+ 

t 
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Compar ing  these r e s u l t s  with those of Table X,  

which gave a mea= per  cent  removal  of 96.4 for the Nonic-CalEon- 

C M G  combination. i t  is s e e n  tha t  a good sequestranr  can m a k e  a 

treme:idcus difierence 

another non-ionic detergent .  aione and in  combination with Calgon 

and ChIC. 

This  w a s  fur ther  confirmed using Tri ton N F ,  

TABLE X S V I I .  

Surfzce: Human Ha i r  
Deiergcnt.  5.0% Tri ton  N F  

15700  

10500 

13300 

Mean 

Standard De viati on 

F ina l  C o U t  P e r  Cent  Removed 

10200 33.0 

5310 49.2 

7400 44.5 

42.2 

-6.8 t 

i4.a Standard E r r o r  of Mean 
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TABLE XXVIII.  

Sur face: Human Hair 
Detergent:  5 .0% TC * 

lnitiai C o i n t  F i n d  Count P e r  Cent Removed 

1380G 855 95.5 

15800 87 1 94.5 

19600 7 64 96.1 

Alean 
Standird Deviation 
Standard E r r o r  of  Mean 

95.4 
-0.7 
+ 

f 3 . 5  

930% Trl ron  N F ,  65% Calgon, 5 %  carboxymethyl  cellulose.  

In v i ew of the r e s u i t s  obtained up la  this time, 

it was decided ?o t r y  s e v e r a l  more  non-ionic de te rgents  In combina- 

tion with Calgon ar.d carboxymethyl cellulose.  

TABLE XXIX. 

Surface : Human Hair 
Detergent:  5.0% C r C  * 

Initial Count F ina l  Couiit Per  Cent Removed 

9870  1040 69.4 

1 1LOO 1440 81.2 

8350 1160 86.9 

Mean 
Standard Deviation 
Standard E r r o r  of Mean 

87.9 
f l .  1 
f0.8 

*30$ Cerfax 1300. 65% Calgon, 5% carboxymethyl  cellulose.  
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TABLE XXX. 

Sir i . . cE-~  H u m x  H a i r  
D c t e r g e v t -  5 .0% AIC * 

h i t i 3 . i  C o a t  Final Coun t  Per Cent R.emovcd -- 
i b500  1350 92.8 

11700 1000 93 .  I 

i i 5 0 3  1250 53.9 

M e n  
Stnnciera  Dekia t ion  
5ta:td;lrd E r r o r  of Mean 

93.2 
-0.5 
-0.4 I 

~ 3 ; ~  A i r o b n i  C ,  6 5 5  C- igon ,  5" carboxymethyl cellulose. 

TABLE XXXI.  

5 J r i x e :  Human  Hair 
D e t e r g e n t  5.0% AxC f 

hit ip:  Count  F i n d  Count Per Cer.t Removed 

14533 a75 94.0 

13300 9 1 0  93.2 

i 5400 1070 93.1 

Mean 
Sta:,d;rd D e * . i i t i o n  
Standard E r r o r  ol Mean 

93.4 

t0.3 
t0.4 

*30% Antarox A400 (also sold a s  Igepal CO-630), 65% Calgon, 5% car- 

boxymethyl cellulose 
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TABLE XXXII. 

Surface:  Human H a i r  
Detergent: 5.0% T20C * 

Ini t ia l  Count F ina l  Count P e r  Cent  Removed 

18800 2400 87.2 

17400 2830 8 3 . 8  

17700 2240 87.4 

Mean 
Standard Deviation 
Standard E r r o r  o f  Mean 

86.1 + 
- 1 . 7  + 
-1.2 

*305. Tween L O ,  65% Calgon, 5 %  carboxymethyl  cellulose.  

TABLE XXXIII. 

SJrface:  H u m a n  Hair  
Detergent: 5.0% T 2 l C  * 

Ini t ia l  Count F ina l  Count Per Cent  Removed - 
32500 3030 90.6 

21000 2480 88.2 

24100 2400 90.0 

Mean 
Standard Deviation 
S tandard  Error of Mean 

69.6 
f0.7 
fo. 5 

*30% Tween 21, 65% Calgon, 57% carboxymethyl cellulose. 
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For convenience, all  the resu l t s  of the w o r k  on 

human hair are summarlzed in Table XXXIV. 

binations are i irted according to the type detergent,  in the following 

sequence: soap.  household hnionics. household non-ionics ,  special 

types,  anionics ,  non-ionics .  1r.d aniomc plus non-ionics .  

The detergent. com- 
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Provis ion  was made  i n  the contract  f o r  the use of 

one hcndred a d u l t s  f o r  2econtamir.at.on studies on the human skin 

i n  vivo. 

t he  program.  

the experirxenta: work, wii: yield m o r z  ixeaningfui r e s u l t s  in the end. 

Only ten subjects have been used to ddte,  Lnd the t’dl significance of 

these resu i t s  WI:: not become apparent  until the en t i re  ser ies  is com-  

pleted,  a t  which t ime the f inal  conclusions w i l l  be  d r iwn .  

A great  dea l  o i  tirne has  been spent planling this  phase of 

it i s  hoped that this  carefu l  apprcach,  while delaying 

The procedure  used on the f i r s t  th ree  subjects  was 

essent ia l ly  the o,ne descr ibed  in  the Final  Report  submit ted a t  the 

end  of the f i r s t  contract. c i r c l e s  

about one inch i n  d iameter  w e r e  drawn on the skin of !he subjects;  a 

small quantity of a suspension of synthetic sol1 and f iss im products 

was placed within each  circ:e and allowed to dry: *.e activity was 

de te rmlned  with a Geiger  counter with a 1.8 mg/cm2 mica end 

window heid about 3 mm. above the skin. The contarcinated a r e a s  

w e r e  then washed for one minute with small cotton apFlicators ,  of 

the type known 1 s  “Q-t ips ,”  soaked in  detergent solution and the 

This  procedure  was as foXows: 

UNCLASSIFIED 



excess  detergent rcmoved with absorbent  t l ssuc  paper  

folLowed b y  r insing,  i r  j : n g  with absorbent  t i s s w  pape r ,  and then a 

f inal  determinat ion of the remaining activity. 

were  used; 

of the f o r e a r m .  

This was 

T h r e e  sk in  a r e a s  

the p a l m ,  the b. ick  o f  the hand, Jnd the upper inner aspect 

The following resu l t s  were obtained. 
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Some obvious conclusions can  be d r a u n  f rom the 

p re l imina ry  work o i  Table  XXXV: 

1. The use of Calgon a s  a r i n s e  did not prove 
beneficial .  

2 .  The recommended decontaminants ,  t i tanium 
' dioxide paste  and potassium permanganate  

solution plus  a bisulfi te r i n s e ,  did riot f i r e  a s  
well as  detergents .  

3 .  The hands a r e  ha rde r  to decon:aminate than 
the a r m s ,  with the palm still being the hardest .  

T h r e e  important  modifications were  introduced at  

this  t ime.  

that  the pa lm of the hand is m o r e  difficult to decontaminate than the 

a rm o r  back of the hand. 

exper iments  to the pa lms  of the hands. 

r e s t r i c t ion  i s  that  the en t i r e  activity used on an  individual may be con- 

cent ra ted  on two spots  r a the r  than s i x ,  thus permit t ing the use  of 

higher  levels  per  contaminated a rea .  

consis ted of removing the mos t  loosely held activity before t reat ing 

with detergent .  

for one minute,  d ry ing  with absorbent  paper ,  swabbing once again with 

dis t i l led water  for  one-half minute,  and dry ing  with absorbent paper.  

Evidence obtained in  this l abora to ry  and elsewhere indicates 

It was  decided,  t he re fo re ,  to r e s t r i c t  future 

Xnother advantage of this 

The other important  modification 

This  was  accomplished by  swabbing with disti l led water  

4 - 
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The remaining activity was then de termined  and 

~- . 

decontamination 

proceeded a s  usual. 

the per  cent activity removed by the decontaminating agent;  i . e . ,  i t  

is obtained b y  dividing the final count by  the af ter  r insing count, 

multiplying the quotient by  100, and then subtracting the r e su l t  f r o m  

100. The third modification consis ted in extending the length of 

t ime  between the ini t ia l  contamination and the f i r s t  water  r inse.  

In the following table the l a s t  column r e f e r s  to 

Excepting Subject 4.  a l l  of the subjec ts  were  r insed  

with dis t i l led water for  one minute. The left palm of Subject 4 war 

r in sed  with d:stilled water  for five minutes  and the r ight  pa lm with 

5.0% sodium bisulfi te f o r  seven minutes .  

UNCLkSSIFI ED 





UNCLASSlFl ED - 3 0 -  

An analysis of these  r e s u l t s  requi res  a considerat ion of 

the cha rac t e r i s t i c s  of the subjec ts  used.  
u 

TABLE XXXVII 

Charac te r i s t i c s  of Human Subjects 

Subject 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Sex 

male  

male  

male  

male  

male 

male 

ma le  

male  

male  

female 

Age 

19 

23 

18 

21 

35 

29 

2 5  

42 

40 

2 2  

Complexion Skin - 
f a i r  normal  

f a i r  no rma l  

fair no rma l  

f a i r  no rma l  

d a r k  no rma l  

fair d r y  

d a r k  n o r m a l  

sal low normal  

f a i r  no rma l  

f a i r  no rma l  

Color 
of Hair  

blond 

brown 

black 

blond 

black 

brown 

black 

brown 

brown 

brown 

Color  and 
Miscellaneous 

W 

W 

W ,  17 y e a r  old 
scar on r ight  arm 

W 

W 

W 

N 

W 

W ,  unusually 
del icate ,  thin 
skin 

W 

These exper iments  f o r m  but a smal l  p a r t  of what 

will  be  a unified whole, consequently v e r y  few conclusions, and theie 

of the m o s t  tentative s o r t ,  only m a y  b e  drawn a t  the present .  However ,  
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even these incomplete r e su l t s  a r e  not without i n t e re s t  or value. 

Sgbject 9 ,  for example ,  offered dramat ic  proof of the var ia t ions 

in retentivity that m a y  be found f:om one person  to another .  It is 

a l so  seen  that reproducibi l i ty  of resu l t s  i s  good. 

var iables  have been isolhted and dealt with proper ly :  therefore ,  

the i r  analysis  mus t  await  fur ther  work. 

to make any recommendat ions,  even tentatively,  concerning the 

most  eff ic ient  decontaminant o r  decontaminating p rocedures .  

Not all  of the 

Likewise,  i t  i s  too e a r l y  
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( 6 )  Formulations based on f ive dlfferent anionic 

syndets gave remarkably similar resu l t s .  

( 7 )  Formulations based on two different syndets 

or two different sequestrants did not perform well .  

(8)  Conclusions reached with studies on various 

inert surfaces have been general ly  confirmed by the present  s e r i e s  

of experiments.  

a 
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4 .  Tentative Schedule fo r  F ina l  Phase  of P r o g r a m .  

At l ea s t  ninety m o r e  human subjec ts  and sco res  

of runs on human ha i r  w i l l  provide the expe r imen ta l  data. The work 

will be expanded to include R W  agents suppl ied by the client in addi- 

tion to  the f i ss ion  products  used to date.  

based on new products ,  o thers  being s imply  the s a m e  products used 

in different proport ions,  wi l l  be tested.  

that  much will be learned ,  in  addition to the development of the most  

efficient decontaminant possible.  

be formulated which will be highly sa t i s fac tory  i f  used without water 

and excellent if water is available. 

cooperation with the Mound Labora tory ,  exceedingly valuable data 

will  be obtained regarding the removal  of alpha e m i t t e r s  f rom the skin. 

New formulat ions,  some 

In th i s  fashion it is hoped 

One o r  m o r e  decontaminants wil l  

I t  is a l s o  expected that, through 
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This phase of the program is of special interest because of the tenacity 

with which alpha emit ters  attach themselves  to the skin. 

Respectfully submitted, 

FOSTER D. SNELL, INC, 

---= =-a+-. 
F. De Angelis 

I 

Aesiatant Research Chemiat 

FDA:SS:GS:RLM:STC 

10 ozalid copies  
31 December 1952 

Project Liairon Officer 
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