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Summary  . 

This  is  ar. i n t e r i m  report  to the Chemica l  and Radioioglcal 

Labora to r i c s  under  Cor.trrict  No. DA 18-108 .CML-4747 011 the 

r emova l  of  radioact ive coataminants  f r o m  human skin.  

In accordznce  with the provis ions of the cont rac t ,  the decon 

tarninating eff ic iencies  of i ar ious prodjJcts were  evalKated. The i r  

e f fec t iveness  w a s  d e t e r z i n e d  on human ha i r  i n  vi t ro  aad  on l iving 

human s k i n .  

Severa i  5-per ior  decontaminating agents  for use or. h m a n  

skin have  been developed. 

proved supe r io r  to c o m m e r c i d  de te rgents .  

Some of t hese  new formuiat ions have 

The  technics  developed during the first year  of the p r o g r a m  

have been  modified in o r d e r  to give m o r e  meaningful r e s u l t s .  

4m----- 
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After  carefu i  considerat ion,  i t  was  decided to de lay  the 

experi.mer.ta1 phases  o f  the p r o g r a m  in o r d e r  to take the fullest 

advantage posslble of the r e su l t s  obtained in a different ,  bu t  closely 

re la ted ,  r c s e a r c h  p ro jec t  which h a s  ju s t  been brought  to  a s u c c e s s -  

ful c lose  in thls  labora tory  

half of the contempiated exper imenta l  work h a s  been  ac tua l ly  c a r r i e d  

out. 

to  the t ime spent and allowed a much m o r e  efficient use  of the l imi ted  

number  of hurnar, subjec ts  available. 

A s  a consequence,  cons iderably  less than 

On'the other hand ,  this  has  resu l ted  in  p r o g r e s s  out of proportion 
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2 .  Exver imenta l  Work 

A. Human Hai r  

Two s e r i e s  of expe r imen t s  w e r e  c a r r i e d  out, one on 

human h a i r  in vi t ro  and one on human skin in vivo. 

For the f i r s t  s e r i e s ,  un t r ea t ed ,  bu t  c l ean  s a m p l e s  of 

h a i r  were  obtained f r o m  a ha i r  dea l e r .  Sma l l  bundles,  about  one 

inch long and containing approximate ly  125 h a i r s ,  were  p r e p a r e d  

by dipping the ends in paraffin.  Each  bundle was  then contaminated 

with a d rop  of the f i ss ion  products  p lus  synthet ic  soil in aqueous 

suspens ion  descr ibed  in e a r l i e r  r e p o r t s ,  d r i e d  uader  an i n f r a - r e d  

l a m p ,  and  the activity de t e rmined  with a Geiger  counter .  E a c h  

bundle was  then placed in  a 150 ml. con ica l  f l a sk  containing 20  ml,. 

of de t e rgen t  solution. T h e s e  w e r e  then  agi ta ted for t e n  minutes  in 

a shake r  having a f requency  of five c y c l e s  p e r  second and an 

ampli tude of one and one-half inches.  

shake  r i n s e s  with 20 ml. of dist i l led w a t e r ,  the  first for  t h r e e  min-  

u tes ,  and the second for one minute.  

under an in f r a - r ed  l amp  and  counted with a Geiger  counter .  

T h i s  w a s  followed by two 

The  bundles  were  then d r i e d  
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In the c o u r s e  of decontamination stcd:,.as tor the p a s t  

Tear and a half the efficler.cies of the following c o m m e r c i a l  p roducts  

have been deterrnlned.  

A l l  
B r e e z e  
Calg io  
Calgoni te  
C a r o i i t e  1000 
C h e e r  
Chiflor, 
C P  Cleane r  
Dref t  
Duz 
Fab 
F e l s o  
F l o b a r  
Gold Dust  
Ivory  
Ki rkman  F lakes  
LUX 
Noc a 
Oxydol 
Radiacwash  
Rinso 
Si lver  Dust 
Surf 
S w e r i  
T ide  
Vel 

These  p roduc t s  include light and heavy duty soaps ,  

light and heavy dct-f synde t s ,  and spec ia l  rad io logica l  decontaminanta.  

As expected, rhe soaps alone have not proved  to  be v e r y  efficient, 

41 
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althouqh tke a i 1 i t : o n  oi a c g > d  s e q u e s t r a n t  i . r . p r o x s  them grear ly .  

The ryntk..etic delerFemta : : n r e  f r o m  ex?remel.{ poor  t 3  excelLent. 

Some a r e  irr .pro-icd t~ the addi t ion of seques t r an t s ,  o the r s  a r e  not. 

The spec ia l  radio1og:cal decontaminants  have generally proved d i s -  

appointing, with the exce.iti9n of C P  C l e a n e r .  Of the seques t r an t s  

qAsed, Calgon. scd:um tr ipoly?hosphate .  and the te t rasodium sa l t  of 

ethylene diamine t e t r aace t i c  ac id  ( V e r s e n e )  proved to be of about 

equal vaiue.  and all  were m u c h  s u p e r i o r  to  e i the r  c i t r ic  acid o r  

sodium c i t r a t e .  

types of s u r i a c e s .  and although e a c h  type behaved q G t e  differently, 

the supc r to r r ty  of S C I P . ~  af the p r o d u c t s  h a s  teen consis tent ly  in 

evidence. 

the  most efficient;  Tide,  Ca ro l i t e  1000, All and CP CleaLer.  

These i c s t s  w e r e  p e r f o r m e d  on a dozen d i f fe ren t  

Of the de te rgents  l i s t e d  above,  the  following proved  to be 

B a s e d .  then, on a!! S r e v i o u s  expe r i ence  in radiological  decon- 

taminat ion,  a s e r i e s  o! e x p e r i m e n t s  was c a r r i e d  out on human h a i r  

i n  vltro. 

p e r  minute ,  and have been c o r r e c t e d  f o r  background. 

In a l l  of the iollowing t ab le s .  act ivi t ies  a r e  given in counts  

UNCLASSI F1 ED 
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TABLE I 

Su r face :  Human Hair  
DetcrLcnt,  Distilled Water 

Initial Co'i-it F i n a l  Count P e r  Cent  Removed 

18100 15100 16.5 

15400 12300 19.7 

14700 8560 41.7 

Me an 
Standard Deviation 
Standard E r r o r  of Mean 

25.9 
f7 .1  
i 5 .0  

The d is t i l l ed  water runs  were  made t o  s e r v e  

s imply  a s  a base .  

runs using one p e r  cent  so lu t ions  of Tide and of v a r i o u s  formulat ions 

developed in  this l a b o r a t o r y .  

Of g r e a t e r  i n t e r e s t ,  of c o u r s e ,  w a s  a s e r i e s  of 

TABLE I1 

Sur f ace  : Human Hair  
Detergent :  1.0% Tide 

Initial Count F i n a l  Count P e r  Cent  Removed 

21500 3750 82.6 

18800 3630 80.7 

20200 3450 83.0 

17300 3350 80.6 

12500 2230 82.1 

21100 3730 82.4 

Mean 
Standard Deviation 
Standard E r r o r  of Mean 

81.9 

20.4 
to.  9 
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TABLE 111 

Surface: Human Hair 
Detergent: 1.0% DC * 

h i t i a l  Count 

14100 

17700 

18900 

21900 

26600 

18200 

Mean 

Standard Deviation 

Final Count 

1640 

1440 

1370 

2639 

3840 

1420 

Per Cent Removed 

88.4 

92.8 

9 3 . 5  

88.1 

85.6 

92.2 

90. I 

t 2 . 9  

f1 .3 Standard E r r o r  of Mean 

*30% Duponol ME, 65% Calgon, 5% Carboxymethyl cellulose. 
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TABLE I V  

Suriace: Hurnan Hair 
Detergent :  1.0% D4V * 

I n i t i a l  Coun: F ina l  C o m t  

14700  4600 
.I 

27400 9600 

14500 2910 

23100 5280 

2 1900 5620 

8630 
I ,  

24100 

Mean 

Stan da r a De7~ i a t  i on 

Standard E r r o r  of M e a n  

P e r  Cen t  Removed 

72.5 

65.1 

80.0 

82.3 

14.3 

64.4 

73.1 

-6.8 

t3.0 

t 

*30% DQponol M E .  65% tetrasodilsrn s a l t  of ethylene d iamine  t e t r a -  

acetic acid (Versene).  5 7 .  carboxvxethyl  cellulose. 
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Since mixed f i ss ion  products  is the radioact ive 

component of the contaminant,  a possibi l i ty  ex i s t s  that a combination 

of polyphosphate and organic  seques te r ing  agents  would prove supe r io r  

to e i ther  when used alone. 

using equal pa r t s  of Calgon and Versene  together  with Duponol ME 

and CMC. 

Accordingly, a formulat ion waa p repa red  

TABLE V. 

Initial Count 

19400 

20500 

17500 

15100 

9300 

14700 

Mean 

Surface : Human Hai r  
Detergent: 1.0% DCV * 

Fina l  Count 

2880 

Standard Deviation 

Standard E r r o r  of Mean 

2950 

2560 

2700 

1660 

1960 

P e r  Cent  Removed 

85.2 

88.2 

85.4 

82.2 

82.1 

86.7 

84.9 

-2.2 
+ 

tl.0 

*30q0 Duponol ME,  32.5% Calgon, 32.5% t e t r a sod ium s a l t  of ethylene 
diamine te t r a a c  e t i c  acid (Ve r 6 en+ ), 5 7. c a rboxyme thy1 cellulose. - 

UNCLASSlFl ED 



The r e s u l t s ,  however ,  indicate that the combina-  

tion of Ca!gon and Versenc  i s  even  less ef f ic ient  than Calgon alone.  

This  was confirmed by doing a s e r i e s  of experiments  with formula- 

t ions based on Nonic 218, a non-ionic detergent.  

TABLE VI 

Surface:  Human Hair 
Detergent: 1.0% NC 

Initial Count Final  Count P e r  Cent Removed 

18700 4880 74. 0 

17900 5230 70.8 

17700 4190 76.4 

3 1500 7900 

22700 5150 

24100 5420 

M e  an 

Standard Deviation 

Standard Error  of Mean 

75.0 

77.5 

77.4 

75.2 

f2.3 

f l . 0  

+30% Nonic 218. 65% Calgon, 5% carboxymethyl  cellulose. 
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TABLE VI1 

Surface: Human Hair 
Detergent: 1 .0% N V  * 

Initial Count 

26800 

15300 

26600 

18600 

17300 

24700 

Mean 

Standard Deviation 

Final Count P e r  Cent Removed 

Standard E r r o r  of Mean 

*30% Nonic 218, 65% te traeo  

5990 

4370 

5520 

5570 

4480 

6390 

77.6 

68.6 

79.2 

70.0 

74.2 

74.3 

73.9 

-3 .8  

-1.7 

t 

t 

rn salt of ethylene diamine 

(Verse  ne ), 5 % car  boxymeth yl ce l lu lose  . 
aacctic 

UNCLASSIFIED 



Init ial  Count 

20300 

16400 

14900 

16400 

17800 

17600 

Mean 

UNCLASSIFt ED -11-  
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TAF3LE VIII. 

Surface: Human  Hair 
Detergent:  1.0% NCV * 

F i n a l  Count P e r  Cent Removed 

5780 71.6 

5060 69.1 

4740 68.4 

4900 70.1 

5540 68.8 

5260 70.1 

69.1 

t Standard Deviation -1.1 

Standard E r r o r  of Mean t0.5 

*30% Nonic 218, 32.5% Calgon, 32.5% te t rasodium sait .of ethylene 
d i amine  te t raace t ic  acid (Ver s rne ) ,  5% carboxymethyl cellulore.  

The r e s u l t s  of Tab le s  VI, VII, and VIE, however, 

m e r e l y  confirmed those of Tab le s  111, IV ,  and V. 

and  Versene  proved of about equal  value when used with Nonic 218, 

t he  combination of the two s e q u e s t r a n t s  was  definitely infer ior .  

In fact ,  while Calgon 

The use  of five per cen t  instead of one p e r  cent 

so lu t ions  improved the pe r fo rmance  g rea t ly  except  i n  the c a s e  of the 

Duponol -C algon - C MC formulation. 
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T.I\BLE I X .  

5,; r :a c e : 
Detsrgent :  5.0% DC * 

Human Ha i r  

Initial Co:int F i n a l  C o u t  P e r  Cent  Removed 

149110 1800 87.9 

15800 1420 91.0 

16600 2700 83.7 

Mean 
Standard Deviatian 
Standard E r r o r  of Mean 

87.5 
t 2 . 6  
-1.9 
4. 

*30% Duponol M E ,  65% Calgoa,  5 %  carboxymethyl  cei lulose.  

TABLE X. 

Surface:  Human H a i r  
Detergent:  5 .0% NC * 

Initial Count Final  Count P e r  Cent  Removed 

27500 1080 96. I 

27600 1050 96.2 

28100 970 96.6 

30100 1000 96.1 

28800 1130 96. I 

29000 1020 96.5 

Mean 
Standard Deviation 
Standard € r r o r  of Mean 

96.4 
f0.3 
fo .  1 

*30% Nonic 218. 65% Calgon,  5 %  carboxymeUI$ cel lulose.  

- 1 2 -  
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TABLE SI 

Fira i  Cs.:i??t P e r  Cent Re.noved 

2 3 3 0 0  i960  9 1 . 6  

24000 i900  92.1 

2 7 0 0 0  1870 93.0 

Mean 
S t  a ncia r d De v I a t i  o n  
Standard E r r o r  oi Mean 

92.2 
- 0.6 
-0 .4  

+ 
+ 

* 3 0 7  Noiiic 218. 3 2 . 5 %  Calgon, 3 2 . 5 7  te t rasodium sa l t  of ethylene diamine 

t e t r a a c e t i c  acld (Versene) .  5 %  carboxymethyl  cellulose.  

Once m o r e  i t  is s e e n  that a combination of poly- 

phosphates  and organic  seques t r an t s  is  l e s s  effective than polyphosphatss 

alone. 

A mixture  of two de tergents  of different types w a s  

t r i e d  next. 

late). and Nonic 218, a non .ionic (polyethylene glycol tertdodecyl thio- 

e t h e r ) ,  w e r e  iised. 

F o r  th i s ,  Dupoml  ME,  an anionic product ( lauryl sodium sul- 
u 

U NCLASSI F l  ED 
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TABLE X I .  

54irt4c.r: HL~IIZL Ha i r  
Detergent :  5 . d %  DNC * 

I n i t i n l  CO ::.? Fina l  C ~ l i i t  P e r  C e n t  Aemoved 

2.2300 2600 88.2 

LO300 2 1 7 0  89.4 

1 7 2 0 0  2200 87.2 

M e a n  
S c x  ia r 5 De v I a ti o E 

Standard E r r o r  oi Mean 

8 8 . 3  
-9.9 
-0.6 

c 
t 

* 1 5 $  Duponol  ME, 1 5 %  Nonic 218,  657< Calgon, 5 %  carboxymethyl  cel lulose.  

As in the  c a s e  of the seques t r an t  mix tu res ,  the use 

of two different de te rgents  in  combination is not des i r ab le .  

In o r d e r  to connect fu r the r  the work  on human h a i r  

with e a r l i e r  exper iments ,  a nurr.ber of run8  w e r e  m a d e  w i t h  Ivory,  Tide, 

Caro l i t e  1000, and our Oroni te  D60-Calgon-CMC formulat ion.  Ivory 

was  used  as  a r ep resen th t ive  soap,  Tide as one of the v e r y  best  general ly  

ava i lab le  household de t e rgen t s  and Caro l i tc  1000 as a s u p e r i o r  special-  

type product.  
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TABLE XIII.  

Sur face : Human Ha i r  
Detergent.  5 0% Ivory  

Inittzti Count Final Count P e r  Cent  Xemoved 

2 3 4 0 0  13000 44.5 

31 100 13800 55.7 

76300 12900 

Mean 

Standard Deviation 

Standard Error of Mean 

51.0  

50.4 

t 
-4.6 

t 3 . 3  

The Ivory solpJtion, although f r e sh ly  m a d e ,  was 

ex t r eme ly  thick,  and doubt lessly the r e s u l t s  do not give a fa i r  r c p r e -  

sentat ion of the de t e rgen t  powers of soap. 

the work done in  this l abora tory  on var ious  s u r f a c e s  and using var ious  

washing technics  invariably show that soaps  a r e  not as efficient as 

syndets .  

On the other  hand, all of 

The Ivory r u n s  w e r e  made s imply  for  the sake  of complcte- 

nes s .  
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With Tide the following resu l t s  were  obtained. 

TABLE XIV. 

Surface: Human Hair 
Detergent: 5 .0% Tide 

Initial c d u n t  

23500 

20300 

2 5 1 0 0  

Mean 

Standard Deviation 

Standard Error  of Mean 

Final  Count P e r  Cent Removed 

3010 87.2 

2400 88.2 

2420 88.1 

87.8 

t 
-0.4 

+ -0.3 

UNCLASSIFIED 
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Caro i i te  1 0 0 0  w a s  u s c d  a;ane a n d  in combinat ion 

w i t h  C.llgdn And CMC. A: th i s  po1r.t i t  sholilrl be noted tha t ,  due to 

3n overs ight  o n  the p a r t  o i  t..e nthnt.lacturer, Ca r l s t ad t  C h e m i c a l  

Company,  the conccnirdtion used and  l i s ted  in e a r l i e r  r e p o r t s  was 

i nco r rec t ly  s ta ted to be 5 % ,  w h e r e a s  the t r u e  value w a s  ac tua l ly  30%. 

TABLE XV. 

S u r i a c  e: Human H a i r  
Detergent .  5.0% Caro l i t e  1000 

Initial Colint 

36500 

15600 

27400 

10200 

13900 

16300 

Mean 

F i n a l  Count Per Cent  Removed 

5100 86.0 

2900 81.5 

10100 63.1* 

1460 85.7 

2350 83. I 

2750 83.1 

79.6 (83.8) 

t Standard Deviation * I  -7.8 ( t 1 . 7 )  

Standard E r r o r  of Mean -3.5 ('0.8) 
t 

* I f  t h i s  apparent ly  anomalous  value is excluded f r o m  the ca lcu la t ions ,  
the values  i n  the pa ren theses  will  b e  obtained. 
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TABLE XVI.  

Sar face : Hurnan H a i r  
Detergent :  5.0% CaC * 

lnitiai Count F i n a l  Count P c r  C e n t  Removed 

1.0500 840 92.0 

12500  1490 aa. 1 

10200 960 91.6 

Mean 

Standard Deviation 

90.5 

+ 
- 1 . 8  

-+ Standard E r r o r  of Mean - 1 . 2  

*30% Carolice 1000, 65% Calgon, 5% cdrboxymethyl cel lulose.  
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P for r ru la t inn  bascrl g n  O r c n i t e  DLO gave the 

f o l l o ~ i  -. - r c 5 : 11 t s : 

TABLE XVII. 

S u r f a c e :  H u m a n  Ha i r  
Detergent :  5 .0% QC 4 

Init ial  Coilnt F i n d  Count P e r  Cent  Removed 

940 91.4 

620 95.4 

10700 

13300  

16000 

Mean 

Standard  Deviation 

Staiidard Err:nr o f  M e a n  

2 160 8 7 . 6  

9 1 . 5  

- 3 . 2  

- 2 . 2  

t 

+ 

*30% Oroni te  D60, 65% Calgon, 5% carboxymethyl  r e l l ~ i l o s e .  

UNCLASSIFIED 
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TABLE XVIII .  

Surface:  H u m a n  Hair  
Detergcnt :  5.0% All 

I n i t i a i  Co in t  

1 3 j O O  

14500 

I j L O U  

Mean  

Srsxdard  Deviation 

Final  Count Per C e n t  Removed 

J280 90.5  

1040 92.8 

1180 92.2 

91.8 

t 
-1 .0 

-0.7 
L 

S:andi;:rd E r r g r  of Mean 

UNCLASSIFIED 
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TABLE XIX. 

Surface:  H u m a n  H a i r  
Detergent :  5.07, AC * 

Init ial  Count F ina l  Count Per Cent  Removed 

16100 851 94.7 

18500 918 95 .0  

21500 1490 93.1 

Mean 
Standard Deviation 
S tandard  E r r o r  of Mean 

94.3 

Q.6 
%.a 

*301. All ,  6 5 %  Calgon,  5 %  carboxymethyl cel lulose.  

C P  Cleane r  w a s  also tried alone and in combin- 

ation with Calgon and CMC. 

TABLE XX. 

Initial Count 

14100 

I3400 

Surface ;  Human H a i r  
Detergent .  5.07, C P  C l e a n e r  

F ina l  Count P e r  Cent Removed 

1240 91.2 

937 93.1 

1.2600 

Mean 
Standard  Deviation 
S tandard  E r r o r  of Mean 

796 93.8 

92.7 

+ 0.8 
f l . 1  

UNCLASSIFIED 
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TABLE XXI. 

Surface: Human Hair 
Detergent:  5.01. CPC 

Initial Count F i n a l  Colrnt P e r  Cent Removed 

17000 1410 90.4 

14700 1530 89.6 

13500 1020 92.4 

Mean 
Standard Deviation 
Standard E r r o r  of Mean 

90.8 
t1.2 
fo. 8 

*30$ C P  C l e a n e r ,  65% Calgon, 5% carboxymethyl cel lulose.  

Three  m o r e  formulations based OR anionic 

de te rgents  were  then used. 

TABLE XXII. 

Surf ace  : Human Hair 
Detergent: 5.07. AeC * 

Initial Count F ina l  Count P e r  Cent Removed 

29700 3480 88.3 

86.5 11800 1600 

26300 2920 88.9 

' r  

Me an 
Standard Deviation 
Standard E r r o r  of Mean 

81.9 
il.0 
f0.7 

*30% Aerosol  22, 65% Calgon, 5 %  carboxymethyl cellulose.  

U NCLASSlFl ED 
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Ir: i cou-  

TABLE XXIII.  

Surface : Hxman Hair  
Detergent:  5 . 0 %  AnC * 

Fina l  Count P e r  Cer Removed 

16900 1860 88.9 

17800 1540 91.3 

18100 1390 92.3 

M e a n  
Standard Deviaticn 
Standard E r r o r  of Mean 

90.8 
f1 .4  
11.0 

*307  Antaron L-135 (a l so  sold as  Igepon T-73), 65% CalgOn, 5 %  

carboxymethyl  cellulose 

TABLE XXIV. 

Surface: Human Hai r  
Detergent:  5 .0% UC * 

Initial Count Final  Count F e r  Cent  Removed 

19800 1510 92.4 

25300 2570 89.9 

27500 3660 86.7 

Mean 
Standard Deviation 
Standard E r r o r  of Mean 

89.6 
t 2 . 3  
-1 .6  + 

* 3 0 7  Ultrawet 30CS, 65% CaLgon, 55 carboxymethyl  cel lulose.  
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