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VECHANISI'S COF ACTIVATZD CARBCIN DEGRADATION BY PERSPIRATION

I, INTRODUCTICHN

A substantial number of investigations have been conducted
on this problem during the past twenty fiv? vears by Edzewood
Arsenal personnel and outside contractors, Overall it is
impossible to draw reasonable, workable conclusions from all
of the published work heretofore presented, A great deal of
the research 'is at best piecemeal and one often meets contra-~
dictions between investigators and within particular publica-
tions. Synthetic sweat formulations have been developed and
there are significant variations in not so much,the types of
compounds but in their relative concentration.:- Mone of
the fornmulations have included body (sebaceous) oils. The
substances present in largest amounts and common to most for-
rmulations are inorganic salts such as NaCl, KC1, Caq(PCu) ’
CaCC,, and K:CC,. The organic material common to axl foriiu-
lations is lactfec acid--but lower in concentration than NaCl
by a factor of 0.05., Also common tc all formulations as
organic components and in concentrations approximately 105
of the lactic acid are urea, uric acid, formic acid, and glu-
cose, Some formulations also contain very small ancunts of
organic acids particularly ¢I the amino acid type and these
nuniter about twenty different kinds.

The great bulk of sweat studies were conducted using
rsynthetic sweats" and out of these have evolved two “schools
of thought" about the effect of sweat on activated carbon.
"School 1" propounds that it is not a "poisoning" which occurs
but sinply a matter of filling up the internal pores and
covering over adsorptive sites in a carbon with sweat soclution,
From this aboroach the most often suszzested cure for this
problem centers on maxing the carbon hycérophobic yet retaining
its gas adsorption capability. "School 2" says that there is
a specific ingredient or collection of ingredients in sweat
which poison (destroy) the internzal adsorptive surface of a
carbon, Attention here has focused on lactic acid, Obviously,
ihe solution to this problem is to prevent lactic acid (and/or
other "poisons") from getting to the activated carbon,

11. EXPERIIZITAL WORK AND RESULTS

Experiments were conducted in two arcas of analysis;
> N
¢

a, static tests =-- l.ost of the experimental work done involved
exposu.e of granular activated carbon (FAC Lot 7502) to various
golutions and vupors using carbon tetrachloride (CCly,) vapor
adsorption as an indicator of loss in activity, b. Additionally,
dynanic measurcments ware atteupied using gas chromatography

vherein coluins were packe
samples of varlious

injected onto the colunn,

2d with activated carbon and sweat
especially ajucous lactic acid) were
#0wens, C., Private Comnunication, December 20, 1974
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A. Static Tesits

The static tests conducted involved using an encrmcus hunmber

of samples, typilcal i Rorreach e oerlme“u, along

ith controls for each kind of b.>;t3d carbon, Zxpérience has
clearly shown that usuzl anzlytical procedures of duplicate and
triplicate runs on a single s:n'T are Dy no means encuzh when
handling activated carbons. Enormous variations in a single |
batch of zctivated carbon have more often than nct resulted in :
sxgnifi“ant irreproducibility. It is strongl; suspected that |
much of “he earlier work on the swec~t problem did not take this |
into account, (U@ have don2 copper and chroniun zralyses on |
ASC Whetlerite and found analyt*cal dnv1atlon¢ of +1{;: cetween |
samples as large as 100 grams.) In %ihls work, on many occasions
control sanples of FAC Lot 7502 have s“own as Hijh a5 a 507 |
variance in CCl, vapor uptake on a CWJ, untreated basis, Every-

thin: possible Wwas done in an attempt to lln¢» the effects of

the intrinsic hete

vfo.eﬂbltj of activated carbon,
seriment in our static system was conducted as
: n gram (g) samples of activated carbon were
eat 10 ¢ to constent weight at room temperatures.
sanples were indeﬂ§eu in a synthetic sweat solution for
es, dried at 70°C for 12 hours, reweighed to check for
S nd Tl ;, vapor in a desiccator

e
A tJU1cal ex;
t

=3 ki
O
(V) 167 T o]

30 ok O

»
=
[
L
o
<
(e

Y ofF
s
= )

&

] ’
d solution znd then exposed to CCl
4 hour periocd after which the CCl, urtake was determined,
saaples were, at times, doubly sodlked or treated success-
with several solutions and dis ulllc" water with sutsequent
ke determined. Activated carbons were on occasion zlso
ed with a hydrophobic silicone surfactant and various
lut 1on then exposed to SEu o_“VLU“N and CCl, vapors,
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1oy Table contains information (from left to right)
as to type of tr;aymcru e alumnsll; colutn 2, grams of CCl,,
talzen up per gram of carbon (Cry); column 3, srams of sweat re-
tained after drying per gran of carbon (dry): column 4, grans
of water retained after drying per gram of carbon (dry)
0

’,, ot

unns 5 and 6, ratic of CCl, uptu:e to weat retained;
an activity of treated carton index arrived at vy the following:

number in column 2
0.042

x (number in column 5) x 100

28 CClL,(

where 0,342 is the T carbon dry for plain, activated, dry car-

bon, The higher this number, the better the carbon responds
after trcatments., All carbons were PAC Lot 7502,
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B. Gas chromatosravhy, carbon, and sweat.

It was felt that vacking a sas chromatosravhic column
with granular activated carbon and injecting sweat solution
and components of synthetic swecat solutions onto the coluh
nizht result in a workable partltloninq. Such could allow
for a determiration, under dynamic flow conditions, of the
relative retention times of the important species present,
especially in real human sweat. It was found that a " C.D.
stainless steel column shoriened tc six inches in length was
necessary to get anything to arrive at the flame ionization
detector. This response did not ogcur until the column tem-
perature reached approximately 250°C It was obvious that

the one rather broad band we obb“lned was cdue to decomposition

of several organic compounds in our syathetic sweat sample,
III. DISCUSSION

In alrost every expﬁrineﬂt the synthetic sweat sclution
produced a resduction in the Cﬂlh ads ozotlwﬁ capacity of an

activated carbon which was only sli larger than that of
one be inspired to

<

water alone. At no time, however

’
use the word "poisoninz.," Typically, a loss of 4,5 of ad-
sorptive capacity occcurred due to sweat treatment when com-
pared to the cffec‘~ of water alone on FAC 7502 carbon., Two
sets of experiments were conducted wherein the sweat re 1oug7
were allowed, at )2 to sit in the carbon over a period of

10 te 12 days. A® thﬂ sane time dry controls, and carbons
treated with Olut*llﬁd water ware run alonrcsi de the sweat
treated carbons. The CCl, ahsorptlo“ for all three types of
sanples exactly nﬂ“allelcd each other over this time period;
the éifference appearing only as retained solids in the sweat
treated carbon. :
*urthermore, aqueous solutions of lactic acid did not
produce any sign of a eterious effect on activated carbon
studied and, i our ;ysfcm of clzssification as shown in
columng two and seve n of the table has any meaning we would
havo to place la tic cid in a neutral category, Column

"

ven contazing a number for each individual experiment in an
(8]

ttcrou to indicate a degree of r)s;s*gnvﬁ to removal of ad-
sorptive capscity by a particular kind of treatment or se-

ounwce of fr:atnents; ixo hizher the number, the greater the
sistance to degradation by the cpz pon, Larze nuubers are

no+ as ij~{:ﬂ int in extracting ussiu l iformation from the

'DJ

v - oo Yy 4o
exper bers less than

100,

,
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as eturﬁ*"T" snall nun oﬁr -
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thie in mind 1t ig noticed hat 2 prepongerance

of s moers are obtazined for a large
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the ri-ht conditions, hydrophobic coa
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one contod with a sili it
the carbon aul.e, the other 1
*maolecular sieve! compound called

reone greasae
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&1 ~.n," eful results in the ent

roblen,

il co“clu~*on, we have not observed anytaing on
sall & unLq”‘ "sueat poigoning" associzted wif e
activated carbon by the components oi netic
n acid uerradatlon, and this is already
erniistry of activated carbons,

Aoueous lactic acid appears to be en z
ffect on CCl;, adsorption by tested activated carbk“
€

N ]

'3
- Rl
R ] ~ oA

Fluorocarbon suriactants, should produce a car
significantly resists sweat degradation.,

Brillincer, J.ids Report on Active Duly Training.
Septenber 6, 1972
Brillinger, J.i{« Report on Active Duty Training.
DE=JP, Septenber 25, 1973
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