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Batch Lot Variability in Permeation
Through Nitrile Gloves

Many facto rs shou ldbe co nsideredin theselectionof chemica l protectiveclothing,but the majori ty

of selectionsarebasedonmanufacture rs' permeation datacomposedof average resultsfor three

replicates;usuallynoinformation about va riability is provided.It washypothesizedthat va riabil ity

ac ross batchlotsmight beconside ra ble,andthat va riab ility may beduetocure factorsthat may

vary from one sitetoanother withinthesamecompany.Glasstransitiontemperatu re (Tg) has

been demonstrated tobean indicator of cu re, andso itsrelationship topermeation parameterswas

exam ined.Steady state permeationrate, breakthrough detection time (BDT), cumulative permeation

at 125minutes (ASTMF1407),and Tg (ASTM E1356) weremea su red for twomakes of nitrile gloves

presumab ly infour batches.T9 wasnot relatedto any of the permeation parameterseventhough

batch-to-batch variability wasstatisticallysignificant for all parameters except BDT. Acomparison

with recent ASTM round -robin resultsindicatesthat some of the variability may be due tothe

method;however,manufacturer quality control must be suspected as the major source ofvariability

based on the results of thisstudy.

Keywords: chemical protective clothing, nitrile, permeation, variability

S
ince the late 1970s and th e formation of
AST M Co mmittee F-23 and th e subse­
q uen t pub lication of the standard perme­
atio n test method, F739,P ) a tremendous

amo unt of permeation data has been published
and interest in dermal expos ure has been height­
ened p -5) There are several sources for polymer
permeation information available (see, for exam­
ple, references 6 and 7). In additio n, generally man­
ufacturers provide permeation charts to use for
th e selec tio n of protective clo thing . Typically, as
per AST M method.v'! th e repo rte d da ta sho uld
include norm alized bre akthrough time (but often
inclu de instead breakthrough detection time,
BOT) and steady state perm eation rate (SSPR).
These da ta are usually reported as sing le values
th at , in fact, are th e average of three replicates as
req uired in the ASTM method . H owever, ver y
seldom is th e variability in th e three replicates
reported . Thus, th e user is likely to make a deci­
sion based on a sing le average value reported in
th e literature.

M s. Po ol was suppo rted by National In stitute for O ccupational Safe ty and Health trai n­
ing grant 5 T-42 CCT4 I 04 29- 0 2 .

There are many factors that should go into
th e selection of protective clothing th at are not
reflected in th e average steady state permeat ion
rate or breakthro ugh time values. These wo uld
include cost, acceptabili ty to worker, heat stress,
dexteri ty, tactili ty, tear and cut resistance, and a
host of other factors.(8,9) These are often difficult
to co nside r as th ey have not been qu anti tatively
characterized .

T hus, if a hygien ist had to make a decision
between one material having an SSPR of 20 un its
and another having an SSPR of 40 units , the
obvious choice is the protective clothing hav­
ing th e lower steady-state rate , all othe r thin gs
be ing eq ual. H owever, if th e hygien ist knew
th e variability in the th ree replicates that went
int o th e above averages- for example, 2 , 2 , and
56 for the first and 39 , 40, and 41 fo r the
seco nd-then he or she might be more likely to
pick the seco nd materi al. T he purpose of this
study was to cha racterize th e variabi lity across
batch lots for two manufacturers of butadiene­
acryloni trile cop o lymer (nitrile) gloves. Nitrile
was chosen because o f its extensive use in indus­
try as determined by questioning a major safety
supply company.
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METHOD AND MATERIALS

Materials
Unlined , un supported nitri le gloves were o btained from several

suppliers . The manufacturers of the gloves wer e Ansell-Edmont

(Sol-Vex®, 37-155, 15 mil or 0.038 cm ) and MAPA, formerly
Pioneer (Stansolv, A15, 15 mil or 0.038 ern). T he Edmont gloves

were obtained fro m different suppliers . Two batches of the MAPA
gloves were obtained fro m th e manufactu rer, and it was clear th at

they were fro m different produc tio n runs beca use MAPA complied

with a req uest to provide th e manu facturing location and date of

these gloves . The other two batche s were obtained from suppliers.

for each manufacturer it was assumed that four batches were

o btained from different production runs, since the gloves from

suppliers came from diffe rent parts of the country and were

obtaine d at differen t time s. From each batch, five glo ves were sam ­
pled and the permeatio n paramete rs me asured. All glove samples
were taken fro m th e back of th e hand .

In all test s reagent gra de 2 -ethm;yethanol acetate was used as
the permcanr . It was selected because in preli minary tests little
swelling of the po lymer was observed, and a reasonable break­
through time (less th an 120 minut es was the o rigina l crit erion ) was
observed. Ethyl acetate, 2-eth oxyethanol , I , I , I -trichlo roe th ane,
and car bo n disulfid e were also tr ied, but were found un acceptable
due to their swe lling of the polymer.

Method
for this project AST M meth od 1407-92(10) was used . T his per­
mea tion me thod uses a gravi metric analytica l proced ure . An open
aluminum test cell is used , across which the poly mer is placed after
the cell has been filled with the per meant. T he cell is then invert­
ed to expose the po lymer to the liquid, and the cell is weighed .
The weight may be recorded co ntinuo usly if the balance has the
appropriate o utput. Alternatively, the cell may be weighed at peri­
od ic intervals. T he weight is plo tte d versus time to reduce the data
to the permeat ion parameters of SSPR and BDT.

A few modi fications to the method wer e made . U nlike the
me thod that simply calls for the test to be run at ro om tempera­
tu re, th e test enviro nme nt was carefully co ntrolled . An environ ­
mental chamber was made from an inverted Sryrofoarn " ice chest
(appro ximately I cubic foot or 30 cm on a side ). A hinged door
was added to access the test cell. A 250-watt ligh t bulb (needed to
o verco m e cooling caused by airflow) served as a heat source, and
a f'1I1 was used to circulate the air within the chamb er. T he ligh t
so urce was the rmostatically controlled, and the temperatu re
monitor was placed sligh tly to the side, and level with the to p, of
the per meation cell. It was checked regul arly for accuracy wit h a
calibrated the rmometer, traceable to th e National Insti tute for
Stand ards and Tec hnology.

T he cell was mod ified by replacing three of the six ret ainin g
ring screws with I -inch (2 .5 cm ) lon g screws to provide a clearance
space ben eat h th e cell. T his allowe d air movem ent beneath th e
cell, whic h was provi de d by the fan and also by the laboratory
hood in wh ich the environmental chamber was placed . T he cnvi­
ro n rn cnral chamber was raised ~h - i n ch above the hood floo r, and
airflow at this opening was measured at 600-650 ft/min . It is
ro ughly estimated, based on the size of the opening that faced the
hood sash and the air velocity, th at 40 air changes per minut e
would have occ urred . T his should have provided adeq uate vent ila­
tion of the chamber so as not to allow buildup of th e evapo rate d
permeant, which wo uld have imp eded permeatio n . T he te mpera­
ture was monito red regularly and kept at 25-26°C.

The perm eation cell was removed from the chamber and

weighed in its inverted posi tion at varying intervals depending on

the stage of th e test. At early times (first 30 minutes), weighing was
every I minute so as to detect breakthrough , th en at 5-m inllte

intervals. The cell was rem oved by lifti ng the hinged door and

rem oving the cell with tongs. T he cell was th en placed on the bal­

anc e, weighed, and retu rned to the test chamber. T he weig hing

procedure was done rapidly (d 0 sec ), and so me cooling would
have occurred . T he effect of this cooling would be to increase the

BDT, but the effect should have been small and consistent from

test to test . Because the am bient temperature was approximately

21°C, only a small tem peratur e gradient wo uld have existed.

Analytical
A Mettler top-loading balance, model number BB240, with a

capacity of 240 g and readability and rep roducibility of 0.001 g,

was used . T he balan ce was shielded on five sides by cardboard to
reduce th e effec ts of air currents on rep eatability and limit of
detection .

To determine the limit o f detection of the balance, two blank
permeation test runs were made using an empty cell placed in the
environme ntal chamber. The cell was removed from the chamber
and weighed every minute for a total period of 30 minutes. The
standard deviatio n was determined for eac h run, and the two stan ­
dard deviation s were pooled. T he limit of detection was define d as
th ree times thi s po o led standard de viation, or 0 .002 grams .

Data Reduction
Breakthrough det ect ion time was defined as th at weighing time
just pr io r to when the weig ht loss first exceeded the LOD. In addi­
tion, weig ht loss had to continue thereafter in a mo notonic fash­
ion . The BDT was determined by graphically analyzing the data.

T he steady-state permeation rate was determined by graphing
the results as weight versus time. The last four to eight consecutive
points were chos en for linear regression to obtain a maximum cor­
relation coefficient. From this regression line a slope (weight lost
per time ) was found and the SSPR calculat ed by divid ing the slope
by the exposed area of the spec imen (47. 8 cm- ). From the first few
tests, which were run for abo ut 180 min, it was deduced that to
ach ieve a correl ation coeffic ient for weig ht versus time of 0.98 o r
greater, the test needed to be run for at least 125 minutes.

In addition, th e cu mulative permeation at 125 min utes was
determined for each sample. Since the calculation of steady-state
rate depends on the points selected in the regression analysis, the
num ber of points selected, and the correlation coefficient, it was
though t that cumulative permeation mass might be less subject to
erro r. T his is also an optio n in F 1407 .

Glass Transition Temperatures
Glass transition temperature (T g ) is th e temperature below wh ich
local molecular moti on o f th e polyme r molecules virtua lly sto ps .U!'
Above this temperature the po lyme r is more plastic, whi le below it
th e polymer is glass-like. T g is affected by the degree of bond ing or
elect rostat ic int eractions between polyme r chai ns. In th is study T g

was determined using differential scanning calorimetry and ASTM
meth od £ 1356-9 1.(12 )

Hypotheses
The hypotheses tested were that for each manufacturer th ere
were significant batch lo t mean diffe rences and that between man­
ufacturers there were significant mean differences in the perme­
ation test parameters. These hypotheses were tested using a one­
way analysis of variance (AN O VA). Additiona lly, tests fix eq uality
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Table I shows the glass transition temperature data. These vary
significantly from batch to batch for the Ansell-Edrnont gloves,

FIGURE 2.Steady-state permeation rates for each offive replicatesper batch

Ansell-Edmont MAPA
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of variances (Bartlett's test) were performed to verify the assump­
tion underlying the ANOVA that variances of the sample pop­
ulations arc equal. Bartlett's test compares the weighted arith­
metic average of the sample variances with their weighted
geometric avcragc.

It was also hypothesized that Tg would vary with permeation
paramctcrs. It has been shown to be a function of cure properties,
i.c., the time, temperature, and amount of crosslinkingagent used
in the curing proccss. Cured elastomers have higher Tg than
uncured clastomcrs.U'" Thus, if batch lot permeation differences
were found and correlation could be found between Ts and the
permeation properties, then it could be assumed that curing pro­
ccdural differences arc important. Of course, this assumes that
even marc basic quality control issues are well-controlled by the
manufacturer. For example, if the copolymer ratio were not well­
controlled, then this would affectpermeation properties and T, in
unpredictable ways. It was suspected that cure time and tempera­
ture could be most easily manipulated,even by individual produc­
tion workers, and that weather and production pressures might
cause these factors to be most easily varied.

RESULTS

Ansell-Edmont MAPA
•

•
•

• •
•

•. • . ·- . •• •• • ·• · ·-- • • •• · • • ·

Thc results arc visually summarized in Figurcs 1,2, and 3, which
seem to indicate that there is no difference between batch lot

means, both within and between the two manufacturers for the
permeation parameters. However, the analysis of variance did indi­
carethat the means of cumulative permeation mass (CP) and SSPR
for both manufacturers were significantly different within and
between manufacturer, while breakthrough detection time batch
means were not (sec Table I).

Table I shows significant differences in some of the batch vari­
ances. Thisconstitutes a violation of one of the assumptions of the
AN OVA. The effect of this violation is to make it more difficult to
fail to reject the null hypothesis. In other words, we would more
likclv conclude no difference when there is one. For the SSPR and
C P data (for which the batch variances are significantly different),
this violation is not important since the null hypothesis that the
batch means are equal is rejected anyway. However, for the BDT
results it is important since the hypothesis fix the means was not
rejected. A logarithmic transformation of these data tailed to
improve the variance inequality.

•
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FIGURE 3.Cumulative permeation at 12S minutes for each offive replicates
per batch
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MeansComparison VarianceComparison
Producer Factor (p-value) (p-value)

Ansell CP 0 .026 A 0.00 3B

MAPA CP 0.003 A 0 .73

Ansell BDT 0.17 0 .017B

MAPA BDT 0.61 0 .02B

Ansell SSPR 0 .0001 A 0 .1
MAPA SSPR 0.017A 0.04B

Ansell Tg O.Ol A 0. 19
MAPA Tg 0 .06 0.24

' Stat ist ica lly sign ificant differences between th e batch means at the 95%
level, as determi ne d by o ne-way ANOVA
"Statist ica lly significant differences be tween the batch va ria nces at t he
95% level , as determ ined by Bartlett's test

TABLE I. Batch Mean and Variance Comparisons by
Manufacturer"

but the batch-to-batch differences were not quite significant (p =

0.06) for the MAPA gloves.

873 4 5 6
Batch number

2

FIGURE 1.Breakthroughdetectiontimesforeachoffivereplicates perbatch
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TABLE III . MAPA Batch Lot Statistics

TABLE II .Ansell-Edmont Batch Lot (n=5) Statistics

ASD=standard deviation
BCV=coefficient of variation (SD/mean)
cCV=pooled CV

Batch # Mean SOA CVB

1 15.8 8.4 0.53
2 8.4 4.7 0.56

3 6.2 1.6 0.26

4 14 .2 11.0 0.78

0.53c

1 155 36 0.23

2 14 7 11 0.07

3 202 41 0.20

4 87 20 0.23

05 7c

1 255 162 0.63
2 259 18 0.07

3 386 188 0,49

4 99 82 0.82
0.1gC

1 -3.85 1.71 0.44
2 -4.77 0.28 0.06
3 -6.34 1.28 0.20
4 -7.66 0.63 0.08

0.25c

Batch # Mean SOA evB

5 8.4 7.2 0.86
6 6.0 1.6 0.26
7 10.4 11.3 1.08
8 12.4 8.4 0.68

0.72c

5 113 22 0.19
6 144 14 0.10
7 116 12 0.10
8 82 46 0.56

0.30c

5 213 62 0.29
6 244 48 0.20
7 108 65 0.60
8 97 87 0.90

0.57c

5 -6.53 0.16 0.02
6 -6.71 1.0 0.15
7 -5.56 0.53 0.1
8 - 7.25 0.58 0.08

0.09 c

SSPR
( ~g/cm2/mi n)

BDT
(mi n)

Factor

ASD=standard deviation
BCV=coefficient of variation (SD/m ean)
cCV=pooled CV

Factor

BOT
(min)

CP
(mg)

SSPR
( ~glcm2/min)

CP
(mg)

within-average coefficient of variation presented in the ASTM
round-robin since this repres ents the performance of an aver­
age laborator y.

It might be expected th at the autho rs' laborator y would have
performed as well or better than the ASTM round-robin laborato ­
ries, since in this study the temperature was the same for cver y test .

It may be postulated that factors introduced by the manufacturing
process may account for lot -to -lot variability. For example, vari­

ability in the recipe from one manufacturing site or from one time

of year to another could be important. This would include the
amo unt of plasticizer used; the way that vulcanization, cure, or

crosslinking'!" is attained, and the amount of crosslinking agent

that is used to atta in it; the cure time and temperature; and in the

case of nitr ile rubber, the ratio of the two principal cop olymers

used , acrylonitrile and butadiene.

It was po stulated that cure time and temperature could vary

most easily from one site to another and that this may be reflected

in th e T g. Thus, there should be a correlation between T, and the
permea tion parameters. However, correlation studies of these

paramete rs indicated that there was no relationship between T g

and any of the three permeation parameters. In all cases the cocf ­
ficicnts of determination were less than about 10%. From the se
results it is difficult to draw any conclusions . It may be that Tg is
not the parameter that best indicates cure time or temperature, or
it may be that cure time and temperature are reflected in Tg but
that cure time and temperature are not the variables affecting per ­
meation variability in th is case.

On the other hand , it is obvious th at there is significant vari­
ability in perm eation param eters both within and between batch­
es. Unfo rt unately, from this stu dy one can onl y hypothesize on the
possible causes of the variability. Plast icizers are often used in
nit rile compounds to allow for low temperature flexibility, Typ­
ically nitrile latexes for gloves range from a 26 to 39% acrylonitrile
content.' l 'i ) Variability in the amo unt of plasticizers and monomers
wou ld cert ainly lead to permeation variability Variabil ity caused by
the test method is another possibility.

DISCUSSION

ASTM Round-RobinComparison
While the gravimetric ASTM method (FI407) has not been the sub­
ject of an extensive round-robin test by ASTM , the chemical assay
met hod (F739 ), which usually employs gas chromatographic detec ­
tion, has been the recent subject of extensive round-robin rests. v! '
In that ro und-ro bin test , three samples (FEP Teflon", butyl
rub ber, and neoprene rubber) were taken tram sheets of th ose
materials and distributed to seven laboratories. Each laboratory
ran the F739 method. It would be expected that little variabil­
ity between polymer specimens would be attributable to the
po lymer sheet itself Indeed, the specimens tram the butyl were
distribute d systematically, and there was no difference among
those samples taken from the middle of the sheet and those tram
the sides of the sheet (author's own analysis). Thus, the variability
found in this round-robin sho uld be indicative of the variability
in the method itself and not so much of the variability in the poly­
mer specimens.

For th e purpose of this comparison, assume that the variability
in meth od F739 is similar to that o f F1407. Admittedly, this may
nor be the case. The F739 method may be more variable because
it is more complicated . While gravimetric analyses are inherently
more precise than other instrumental methods, there are portions
of the F1407 method, such as the need to handle the test cell tor
weighing, that would contribute additional variability.

Ta bles II and III show the coefficients of variation tor the
dat a in this study. Table IV shows the average within-laboratory
coe fficient of variation (CVIV) and the average between-labora­
tory coefficient of variation (CVg) for the round -robin . Standard
deviations (SIV and Sg) arc also shown. Of most use here is the
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TABLE IV. F739 Round-Robin Results for Seven Laboratories

ANormalized breakthrough times for FEP are not reported because
permeation rates did not reach 0.1 mg/cm2/min.

Steady-state permeat ion rate ( ~g/cm2/min) statistics

FEP 0.06 0.013 0.04 0.21 0.70

Butyl 0.38 0.17 0.2 0.46 0.53

Neoprene 245 54 54 0.22 0.22

Normalized breakthrough time (min) stat istics

FEP A

Butyl 198 56 96 0.28 0.48
Neoprene 7.2 0.83 1.85 0.12 0.26

120.35

120.3

~120 .25
~

l!! \s
f- 120.2

'\:r
o
~ 120.15
.J \~
f2 120.1

\
120.05

\
120

0 20 40 60 80 100 120 140
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CONCLUSIONS

T here arc many ways to exa mi ne permeation dat a gra phicall y,
and in m any cases th ese can be misleading. Without the usc of sta­
tist ics to maxim ize th e correlation coefficient in the regression
ana lysis, o ne may be led to conclude that steady-state rate has been
reached when in fact it has nor. Standard izat io n of the determina­
tion of SSPI' would seem a good way to improve both ASTM per­
meatio n methods.

FIGURE 4.Weight ofthetestcell apparatus,polymer,andpenneant versustime
forAnsell-Edmont Batch3,Sample B

Explaining the Method Variability
T here are several reasons th at th e ASTM methods may give con­

sid era bly variable results across replicates and laboratorie s .

Temperature has been m en tioned . H owever, the determination of
SSPR and breakthrough arc su bjec t to subjec tive error. For SSP R,

usc of sligh tly differing time in tervals from the permeation curve

to determine the slo pe for the SSPR calculation can make a co n­

siderable difference. For example, Figure 4 shows th e actual per­

meation curve from this study tor Batch 3, Sample B from

An sell-Edmont. If th e regio n chosen to calc ulate the steady-state

permeati on rat e had been from 85 to 105 m inutes , then the

steady-state permeat ion rat e would have been 100 pg/cm 2/ mi n

with a determinat ion coefficient of 0.998. If the regio n used were

from 85 to 125, the rat e would be 145, with r2 = 0.97. Actually,

th e last 5 points from 105to 125m inutes we re used to yield a rate

o f 193 pg/cm2/min with a determinat ion co effic ient of 0.997.
T hus, bo th the number o f points and locatio n or timing is impo r­

tant. In th is study several runs of up to 180 mi nutes were neces­

sary to determine a reli able time th at all runs co uld be ended .

The results indi cate that there was considerable batch lot and
in termanu fa ctu rer variability. The variability in the ASTM

method may account for so me o f th is, but temperatu re was the
same in each test, and the determination of SSPI' and BDT were
standardi zed to reduce these effects. T hus, the variabi lity is likely
to be related also to q ual ity control. T~ had no relationship
to the permeation param eters. Th us, the batch lo t var iabi lity is
probabl y related to factors other than or in ad di tion to cure time
and temperature .

T he trust tha t o ne may place in publishe d pe rm eation data
is likely no d ifferent than the t rust tha t o ne should place in a
pu blishe d threshold lim it value o f th e America n Conference of

AverageMaterial

In addition, co nsiste n t protocol s were used to determine SSPR

and BDT. Fo r SSPR th e poo led coefficients of varia tion were 0.19
and 0.30 in this stu dy, simi lar to th e round -robin values of0.21 to
0 .46. T hus, fIJI' SSPR it would appear t hat nitrile fro m different

batches is little or no more variable than the three round -robin

polymers taken from the same sheet. However, temperature varied

in th e round -robin, but did not in thi s study. T hu s, th e CVs for

this study sho uld have been less.

Fo r BDT, the CVs from the round-robin were 0.12 and 0.28,
wh ereas in th is study the poo led values we re 0.53 and 0.72. (It
sho uld be noted that in the round-robin a normalized break­

th rough time was used, i.e. , the time to a steady-state ra te of 1

pg/cm2/min .) Again, less variation in the resul ts of th is study

would be expected , but the o pposite was the case .

Importance of the Variability
T he important effect of variability, regardle ss of its source, is
o n the user. When the user selec ts a particular glove , wha t docs
the rep o rt ed breakthrough tim e an d steady-state ra te actually
me an relat ive to th e indi vidual glove bein g used by the worker?
Ansell-Ed mont appears to recognize th is var iability, at least in
the SSP R value . T hey re port th at th eir sty le no . 37 -1 6 5 (a 22- m il,
0 .056-cm , suppo rt ed nitrile g love ) has a permeation rate o f
9 to 90 pg/cm2/min(16) when exposed to 2 -ethoxyetha nol
acetate. (Ansell-Edmo nt docs not report data fix the IS -m il
gloves used in thi s study. It is no t known if t he po lymer rec ipe
fix th is 22- m il glove is different th an th at of the I S-mil g love
used here, but both arc called So l-Vex.) This permeation rate
multiplied by the film th ickn ess yields a permeability co ns tant
of 0.5 to 5 pg/cm/min . In thi s study, pe rmeability const ants
tor Ansell -Edmont' s IS -mil gloves ranged fro m roughly 1.9 to
9 .5 pg/cm/min , approxim ately in ag reement with Ansell ­
Edmonr's data for th is polym er. T hus, th ey correctly report ab out
an o rder of magn itude of uncertain ty in SS PR.

A simi lar uncertainty exists fo r BD T dat a . From the current
study, th e 2 .5 and 9 7 .5 percentiles on breakthro ugh detectio n
time arc 0 to 24 minutes to r the MAPA dat a with a mean 01'9 min ­
utes, and 0 to 23 minutes for the An sell -Edmont data with a mean
o f 11 .5 minutes. This would indicate that these 15-mil g love s
should not be used in continuous exp osure situ atio ns. H owever,
Anscl l-Edmonr 's 22 -mil, supported versio n of the nitrile glove has
a rep orted average breakthrough detectio n time 01'9 0 minurcs.U'"
This wou ld seem a bit high , bur mo reover , it would see m th at a
reported range fo r BDT would be appropriate as fo r SSPI'. It
sho uld be noted tha t apparently on ly Ansc ll-Ed rnonr, among the
ma n ufactu rers , repo rt s a range to r any data.
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one may obtain in a respirator q uantitative fit test. In other words,

these values sho uld be used as guidelines only. In the case of

gloves or protective clothing, the published value shou ld be used
as a rel ative measure fix selecting one glove over another. Even

so, erro rs ma y occur so that such a selection ma y be incorrect.

Thus , it is important that the industrial hygienist train workers

ad eq uately to recognize possible symptoms of exposure to the

skin , and that where possible, industrial hygienists conduct field

stu d ies o f the adequacy of protective clothing to indicate the expo­

sure of the skin d uring actual use conditions. For nonvolatile

chemicals, thi s may be done by placing some type of absorbent

under the protective clothing and then extracting the permeant

fro m th e absorbent. (18,19) In ad d itio n , charcoal clo th has been used

to monitor volatile compounds, such as heptane, under chemical

protective glove s.(20)
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