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I c~ ANIS: .-.S OF ACT IVA T2D CA~ 3Oi~ D~ ThADATI ON BY P~’RSPIRA TION

I • I ~TR CDUC TIC ~
A substantial number of investigations have been conducted

on this proble:.~ dur in ,~; the past twenty f iv~ years by Edgewood
Arsenal personnel and outside contractors . Cverall it is
imoossible to draw reasonable , workable conclusions fro :~ all
of the oublishe d work heretofore pre a ented . A great deal of
the research i~ at best piecemeal and one often meets contra-
dictions between invest ic~ators and wi th in  particular publica-
tions . Synthetic sweat formulations have been developed and
there are si~ ni± ’icant variations in not so much . the type s of
compounds but in their relative c oncentration~~ - ~one of
the formulations have include d body (sebaceous) oils. The
substances srcsent in lar~ est amounts and common to most for-
mulations are inorganic salts such as ~a:~l , KOl , Ca~ ( i G j ~) 2 ,
Ca~ O~ , and K::oc.~. The organic ~~teri.al c oi’~~on to afl for~ u—
lations is lact±~c acid—-but  1c. .’or in concentration than : a 1
by a factor of 0.05 . Also co:.~ c)n to a~.l forau la t ion s  as
organic components and in concentrations approximately 10~of the lactic acid are urea , uric acid , fo rmic acid , and glu-
cose . Some formulations also contain ve ry small amounts of
organic acids oart icularly Of the amino acid type and. these
number about twenty d i f ferent  kinds .

The great bulk of sweat studies we re conducte d using
“synthetic sweats” and out of these have evolve d two “ schools
of thou~ ht” about the e f fec t  of sweat on activa te d carbon .
“School 1” propounds that it is not a “poisoning ” which occurs
but simply a matter of f i l l ing up the internal pores and
covering over adsorptive sites in a carbon with sweat solution.
From this a v .:roach the most of ten su~ ’~csted cure for this
problem centcrs on rnakin~ the carbon hydrophobic yet retaining
its gas adsorotion ca-oabil i ty. “School 2” says that there is
a specific ingredient or collection of inzredient s in sweat
which poison (destroy) the internal adsoro-tive surface of a
carbo:~. Attention hero has focused on lactic acid. Obviously,
~he solution to this problem is to prevent lactic acid (and/or
other “poisons ”) from gett ing to the activated carbon .

II. ~‘Xr:~ T::~::TA:. ~1c~~ AH ) H~ u:.T3

~x~ erir.ient s we re conducte d in two areas of analysis;
a. s ~~t::. c_ t ;~~t i —— ~.cst of the cx~ erimental wor~ crone involve a
ex’~;o~T u . c o ~~~~~~~ activate d carbon (I~~ Lot 7502) to various
sc~H~ .o:-~: :~~~. ~~~~~~~~~ ~~~~~ Hi.; c~.r~c;~ ~~~~~~~~~~~ t C C L LL ) \‘~~IO:

~ indici .tor oi ~~~~ 1 . : .~~t iv i ty . o. Ad c i i t i o~ s ily ,  
.c  ~. .e~~. u L c . . ; e n L J  ~~~~~~~~~~~ ~t .c~:. ~a u:n:Y~~:;as ChrO!:~a tO~~~~~~:.~

‘.. cr c~~n colu . ,~~u were cH~ , :j t~ aet ivate d carbc:~ a~H
~a~~ 1u s cC v~~~1s s  types (e~~.c c i f J~; ~~~u~~ous lactic acid)  V.’C~ ’~
K~~~c ~~d onto t~ e colu~.;~,

‘:•CWens , C . ,  r rivate .c . . ; . iun icat ion , D ece: H~r 20 , 1~?74
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A. Static Tests

The static tests c~~ ducted involve d usin - an e;~nrv’.. ~s numbero:L sem:fee , ~j p ica lly  sOx .u p i . Cdt C~2 Cor each cxperi:..ent , alon ~
‘~~~l ~~ 

- 

~r ~~~~~~ 1~~~.

c1~ ar ly  shown that us~n.l n-alt ! Lca.1 rocedure :~ o± o u~;iica to and
tr ipl icate  runs on a sln~:le ~~~ le ar~ b~ no neans en -u rh ;.‘hen
~ie ~lin sctii ate c” .. o ar ~ ‘tOi ‘~~~ va:iati e~ ~ in a - C
batch o r  activated carb-e .~ have ~.~ore o f ten  than i~~ t ~‘~ su lt ~ d in
si if ~ ean t  irreoroduc 1~. ~.i1ty . It is stron;f , suspecte d that
much of ;he earlier work on tK: s.-:~ -’t uroble rn did not take this
in-to account . ( ‘~le hav~ dor~e copper and chro~tiu:i . nalyses on
ASC ~~etler ite and found analytical d~iviations of ~ iC 1~ between
sansles as large ~s 100 fr an ; . )  Li ~tl~ - .crk , On :Lany occasions
con trol On:. L o. .2 of iL~ Lot 7502 have shown as ~i~~i as a
variance in C0l~, vapor urt ake on a dry , unbr ~ a tea baois , dvc ry—

Pu~~~~iO 1 0 C - ~n s e  a~ tor ~ to lir~~t f fc cc s  of
k~ intrinsic he -~ero~ ene ity of act ivated carbon .

A typical ex~-er iaent in our s ta t ic  sys ten .;as coraluc te d as
f o U o , ’, s :  six , ten ~.cam (

~;) oa:.Ifies of act iva ’~. ;J. carb on were
f i rst  h~ ated at 11O~ ~ ~;o cons tant wei f ht at room te. .uo .:-ra tarcs .
bhe se sa~eoles were imme r~ ed In a synkuet i c  .r~ent  so lu t ion  for

~~~~~~~~ O f l O t .i ~.t 70~~ for  12 qou _~~, cc ~~od to c ~~~~~~~
- for

re taine d solution and then ex:~osed to Col,, vapor in a c :tccator
for  a 24 hour period aft er  l~ k the C~ l,,~”a; take was determined.
~nrho n sn-p les were , at time s , doubly so~ ::oj or treated success-
ively ‘:i th uevo ra l  solutions and disti l lod wat~ r -;:i tk sub a~luent
Ccl, , up take deter: .i.h~od.  ~ctiva ted carbons we ro on occasi ’u ~ also
~r~ —tre atc d with a hydroph cb.lc : l~ o one surfac tant and various

.f or olut ior s  then exooc~3d to ~~~~~~~ a ’-i~ ~~~~~~_ va’eors .
The fol l~ ni~:; Table contains information ( f r . : 1  o f t  to r~ gh t )
as to tyoc of treatnont in colunn 1;  colu;.zn 2 , frams of ~Oi, ,
h~KO~ I U :~ -or gram of car ’oon ( d r y ) ;  COIU...r. 3, jrvns of sweat~re—tam ed a L G e r arying par  dram 01 carson ( dry) ; colsan -~, ~ra..:s
of nater  re taine d a f te r  dr:,-ing ror grai.i of carbon ( d r y ) ;  cal—
urns 5 and 6 , ratio o±~ CCl I, up ta -:e to went  re ta ino d ;  column 7,
an activity of treated car6on index arrived at by the following :

number in column 2 x ( number in column 5) x 100

g CCl~where 0. 342 is -the 
~
. carbon dry for plain , activated , dry car-

bon . The higher this nun-or , the bottor the carbon res~ onds
after -tr:atments. All carbons were i-AC Lot 7 S02.  

-: - J
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B, Gas chrora tc~~-5). thy ,  car: )on ,  ~- n c 1 a i o ” . t.

It was fe l t  that paclsin : a f5~5- chro: :ctc ’ rarhic coli:.ui
w~. th granular activated carbon  and in~ ect in ’ --.eat solution
and coap oncs ri t~ of synthet ic  s’.-.’~ at  ~olut icns  onto the colu. n
m i sh t  res-ul-t in ~ - -‘or~abl e r a r t it ion~ n :, . such could allow
for a deterrsü i’ation , under d:~m7 ilc f Ic’--’ condit ions , of the
relative re t en t ion  t5.r.c ’s of the innor t ant  cn-e c ies  t resent ,
O s n O C ~~ally ir real hunan ~- - e n t .  It v-as found that a s~” C. D .
s tainless steel coluan a:-~ort-en~’J to si;-: inches in len~;th was
necessary to c e t  anythin:— . to arrive at tho flaae ionizat ion
detector. This respon - :e did not o~ cur u:st i l  the coluan te rn —
perature reached apnro: -Lirnatoly 250 .~~~. It was obvious that
the one rather broad hand we obtaine d ‘- --as due to doconr osi ~ion
of several organic cor.oounds in our synthetic sweat saarle ,

III. flIC)~~~ aI~- :.

In als-’ost every exner ir. ient t-ie s’~nthet ic sweat solut ion
produced a re ductici-i in the CC acJc o i -p-i:.ive capacity oi an
activo toc. c~ r .-’~-’ uc ~as onL ci. ci~l l~~ er t’isci’ t~~5t o~
water alone . At no tin-c , ho ’..rCv er , could  One be iris o~ rod to
use the no r-I “roicondn-~ . 

9 ::-,--c ica l ly ,  a lsss of ~4- .5. of ad-
sorptive caracity occurrea.  ~u-e to s’.-.ent tr- :atnent sshen co n —
pare d to th ef fec ts  of water  alo:no on ~- L-J 7502 carbon.  ?5-:o
sets of exp-er iner Cts wore con c -L cd where  in tb-s s -scat res iduals
wore allowed , at 5200, to sit in the ear S-es-: over  a period of
10 to 12 days . 1t the sane tine dry controls , a:cd carbon s
treate d with dis t i l led ‘-sat-er ~-;c~ -e run a lonr s ide  the c- -act
treated carbons , f-h e CC? 1 adsorpt ion for all thre e types of
sanmies exactly paralleled each other over this tine per iod;
the di ffe rence ap~ earia : only as retained solids in the c -seat
treated carbon, -

Furthsrrs.ore , asucous solutJ. onc of lactic acid did not
produce any s ifn  of a dole-t er iocis e ffe c t  on activate d carbon
Studi3d  and , if our s:~ct -cn of c lacsi fication as she- -a- s in
colci  as t.-;o and seven o~ -the table has ar :v a-cas-i in- s  we would
have to “lace lact ic  acid in a neutral  c:te~~ory , Coluan
seven contains a nu :nber for each individual  ex-ceriss-ent ~n an
attoapt to enC~icato a cio~j ro e of ros:S tHee )  to renoval of ad-
sorot-ivo car ; c i ty  b :-’ C: r a - r t l. cular h ind  ol’ t r ea t s-sat or se-
quence of t~r-a-t :.sea1e ; t he h~ -~h-e r ta-s nu - :oor , the -. :rcater the
resistance to dc a’~ sats12sn ~~~ “ the cars-sn. ~~~~r - e  nu J -s r e  c- re
no r’ s’ c~ r t  in c- tc’- c~ or ‘- c ‘v’’

5 ) 5  extrss . s-si; etl 1 nu:.:b 1’- - —— ~~~
- 35 rs s s  c th~ r i

100 .  i t h  t 5 -  ln n .~~~~ it 52 — 
~C OC.  t s s s s  ~ H ) )rO s C S H d . ’) -L 5 C C

of such as~ se s’-’~ HIC :~.Y L’~iflOd doSs c-i 15 ”- ~5s-’ ’) 5H,3’ —
~~
‘ 0.5 tOO

asr ‘0 aci r~~ , - - i  Ic no i d  , and for - .~ -
~~ -

- 
• 

-
~~ sdu .s -- e - ’: t - tic- o

C — - - - - - - - - - - -  - -  - -
-5 1 — — — t

_ _  
— £

SC _ _ S s:-. t- :::u:-~ .
- -:: 10 , 7, ~~, ~. : a -  i - -~ 5-~ CSsc ~~sn t  thc

pb 7 hsn’fer  cioar ~~y s s - ~~~; - -.s ~ cc ci is’i caa tLy  b~ t~-or -than
too rest,
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