Saventy cight paits 0f sede: by side charcoal tube and 3M Brand " passive vapor monitor sampies were taken in
the frald and analyzed for 22 orgamic chemicals including tnichloroethylene. benzene. toluene, MEK. m-, p-. and
o xylenes, isopropanol, and several C5 through C8 alkanes Sixty-four pairs were personal and tourteen pairs
were area samples Linear regression analyses were performed for ten chemicals detected over a sufficiently large

tang# of concentrabiuns Sausfactory correlation (r

0.90 and slopes not significantly different from 1 0) was

found between monitors and tubes for n-haxane, methylcyclopentane. toluene, 2 methyipentane, 3 methyl
pentane, n-heptane, n-pentane, and isopentane. Tube and monttor results ditfered tor methylcyclohexane and
n-octane Pawed t tests were performed on the remainder of the chemicals, and no consistent sigmificant

differences (5% level) in the means were found.
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introduction
Several brands of charcoal-adsorption passiy e vapor mom-
tors have been marketed recently. Fhese monitors hold
much attaction tor measunng workplace vapor exposures
becanse they wie hghtweight, reguire no power, pump. or
tubing and are not bhely to mtertere wath workens” move-
mers

Fhe aperatmg ponciples ob these momtors have been
descerbed, and theo advantiges and houtations have been
compared to those o charcoal tube pumip montoring sys-
tems ' L he perlorniinee of passive momtors has been
evalited 1ot varnous chenneals under vitnous condinons

Howaever, held studies of the pertormance of passive maon
tars massaving nnsed orgaiome saporsare lackimg, although
diextensinve held comparison of passive monitors and chae-
coual tubes s planned. "

procedures

Seventv-eight sets of simultancous chancoal tube and 3M
Brand #3500 organic sapor momtor samples were vollected
and anabyzed tor 22 orgame chenueals as part of o surses ot
tire manulactuomg tacrthties | he chemicils, hsted in Lable
were selected for analysis on the basis of their presence in
materialy used 1in tire manuolacture

Samples were collected dunng regular work shifts intwo
plants during two 2-dav periads in Joly and August, 1979
Sixty-tour sets were personal samples and 14 were area
samples.

The samphng petiods vaned trom thicee 1o bive hours
Charcoal tubes were usually changed duning the sampling
peniod to reduce the possibility of overloading. the momtors
were not. Thus, with tew esceptions. cach panr ot resalts
consists of the concenttation from a single montor and the
time weighted average concentratnion trom two chatcoal
tubes
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chemical analysis

Alter exposure to the solvent vapors, the organie vapor
momtors and charcoal tubes were capped and stored wt -7 C
untl time of andbysis Monitors were analy zed inaccordance
with the manubacturer’s mstrucpions,  using o Perhin-
Fimer pas chromatograph iMaodel Sizma Degquipped waith o
tHame womzation detector, Concentiation data were caleu-
lted wath o Perhin-Fimer Sigma 1 data svstem The
duesorpuon cniacnaoy torcach sohvent wasdetermined by oun
laboratory using the method recommended by the 3M
Company  Concentiations were calealated i accordanee
with manutacturersinstructions 4 he ditfusion Lactors o
Tsampling rares” Govalagous to ditfusion cocthoents) used
ate hsted i Fable Tror cach chenncal Charcoal tubes were
desorbed i the standard manner and analyvzed under the
sinmne procednres as the montors

results

Fen ol the chenicals were detected over o suthaenty wide
tanee ol conentiations tnoong or both plints to pernnt i
Iincar tegression analvsis of passive momtor and charcoal
tube samphing resulis) Stopesomtercepts, correlation coethi-
cients and 95, confrdence imtenvilds tar prediction ol ind-
vdualvalues T are gnvenan Table H separateds tor the two
survess and Tor the combined data trom both groups, Char-
coal tubes were (N values and monitors were (V) values,
that s, chatcoal tube sampie resulis were considered to
rellect “hre T Coneentianons, as a4 basis o comparison

Fhe second column an Table H oindicates the range ol
concentrattons tound i the samples Columns Y and 4 are
the slope and Y sintercept of the hincar regression ine. which
mdhicates how well the two methods agree Aslopeol T 0iand
at Y aitereept of zero mdicate close overall agreement < §he
vortclation coctiieient (column 5 retlects the degree of
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TABLE )
Chemicails Analyzed and Sampling Rates

Chemvucal

Samphing Rates imbL muin)*
[RY TR T ST I 298
o Pt 298
2 7 Donethiyibubane 282
3 Mutbiyipentine 282
2 Muanyipentane 282
1 Hem,ne 282
Uy lopentane 282
Mesthiyle ye bopemane 282
n Heptane 277
Cytlohexgne 282
Methyloyelohexane 272
n Outane 28
111 Trncnioroethane 281
Methyl ethyl ketone 312
Isopropanol 359
Benzene 330
Trichinroethylene 280
Toluene 304
Ethylene tichlonide 321
n Xylene 237
m Xylene 256
o Xyiene 257

*Reference #6

departure of data-pairs irom the regression line. An rvalue
of 1 00 indicates near perfect correlation, and lower r values
indicate poorer correlation. The last two columns are the
predicted 9577 conhidence imits of an individual passive moni-
tor sample, given some “rrue” concentraton of X as indi-
cated by charcoal tube samples. The predicuions were made
tor concentrations at the tup ol the data range observed

I he other twelve chemicals were detected 1in compira-
tively few sampies or mostly at low concentrations (less than
I ppm). so no hnear regression analvses were performed
Instead. the parred t-test'’ was used to determince it the
monitor and tube sample means were statistcally difterent
at the 0.05 probability level, assuming normal distribution
Nao consistent difference in means was demaonstrated except
lor n-octane.

discussion

The data in Table H show two trends. in Group No. 1, tor
every chemical exeept n-heptane the passive monitors show
higher vapor concentrations than the charcoal tubes, as
indicated by linear regression slopes greater than 1.0, In
three cases (toluene, n-octane and methyleyclohexane) the
slopes were sigmbficantly different at the 957 confidence
level trom the ideal slope of 1.0. The observation of higher
concentrations from passive monitors than from charcoal
tubes s not umyue. In one report.'" acrylonitrile was mom-
tored with 18 Gasbadges'™ and charcoal tubes side-by-side;
the badges averaged 2.73 ppm and the tubes 2.14 ppm. a
mean difference of 25 percent.

The second trend was that Y-intercepts for nearly all
chemicals in all groups were very close to zero (less than |
ppm). and were 1n the main negative. Although a shight
negative intercept s of hittle importance in monitoning sub-
stances with relativeiy large TLVs, it may indicate a detec-
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tron threshold o Lack o) sens iy i the passivge monitons gt
very Jow concentrations Such o condition, i vontitmed
should be constdered in makhing devisions on the use ol
passive moniors tor detection ol substanees with Bl Vo
the 1 ppm range or lower

Conelation coctticients 1) tot several of the substanoes
were 094 o1 hagher The 95 pereent prediction himits on
indnv idudl passive monton sampie concentrations aie shown
i Lable 1o given chenneal concentrations 1 he predicted
momtor concentrations are generally within 258 percent ot
the reterence concentiabions, mn Group No 2 and the com-
bined data, but vary wideh i Group No 1 because of the
high slope values s predictabiiny would be much
improved by use of the regression cunve 1o “cahibrate™ the
momtors. However. ibis presumed that the curve wall not be
known « prioce. I the slopes tor any chemical had consist-
ently varied from 1.0 appreciably in both groups (as with
n-octanc and methviesclohexance), wninaccurate “samymy
rate” tor diftusion published by the passine momitor mdanu-
facturer might be responsible,

For the statistical analysis, charcoal tube samphng resuits
were presumed to reflect the true concentrations, and be
subject 1o much less variation than the passinve monitors
I'his is by nomeans a certanty, However, statistical analbyses
where both methods are subject 1o error are rather comph-
cated''" and the method used here is considered to be satis-
factory for this purpose.'’”’

sources of error
Several possible sources ol errors 1 the results of this study
are discussed helow,

1. The“sampling rates™ used with the momitors may be
mprecise These sampling rates are analagous to
dittusion coefticients. Pubhished samphag rates were
used where avadlable; the others were estimated on
the basis of chemical similanty. tise of o low 4
samphng rate would increase the slope (b)) ot the
regression ine ininverse proportion to the samphing
rate error. but would not atfect the correlation coet-
ticient s result was aobserved with meths ey clo-
hexane, rastng the possibihty that the estmated
“sampling rate” used (27.2 ml man) was too low,
Lisg of too migh a sampling rate would tend to
depress slopes tnnverse propartion to the error,
This type of svstematic error could account for
regression line slopes tending to be consistently
greater than 1.0,

2. There may have been interference from unhnown
chemicals. Many small unidentihed peaks were
present in some of the chromatograms, Such inter-
ference would have attected tubes and monstors
similarly

3. On-site temperature and pressure departures trom
29% ' C and 760 mm were not corrected. hey were
presumed to atfect momtors and tubes equally
except for the temperature correction’ ' 1o the sam-
phingratetTUK 298) " This could cause differences
in monitor results ranging trom -3 to +5 percent, as
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TABLE Il
Compans n f Results of Simultaneous Sampling by
Passive Monitors and Charcoal Tubes

Linear Regression

Range of Siope &
Chemical Data (ppm) 95% C L
Group No 1 (30 sample pairs)
n Hexane 0 37 102 + 012
Methyicyciopentane 017 111 - 013
Toluene 018 131 - 012
n Octane 0-10 141 - 015
2 Methylpentane 018 110 - 015
3 Methylpentane 0 30 113 * 0186
n.-Heptane 0.7 094 - 013
Methyicyciohexane 07 133 ' 030
n-Pentane 06 129 - 047
Isopentane 0-13 112 - 068
Group No 2 (48 sampiz pairs)
n Hexane 0-27 o9 + 010
Methyicyclopentane 0-20 0499 * 011
Toluene 0-20 097 - 010
2 Methylpentane 016* 092 - 007
3 Methylpentane 0-30 091 - 005
n Heptane 0-25° 109 + 013
Methylcyclohe..ane 0-20 139 » 013
n Pentane 0 30" 093 - 007
Isopentane 0-40°*" 106 - 003
Combined Data (78 sample pairs)
n-Hexane 0-37 097 - 007
Methylcyclopentane 0-20 103 + 008
Toluene 0-20 109 ¢+ 008
2-Methylpentane 018 099 ' 007
3-Methyipentane 0-30 101 - 006
n Heptane 025 107 - 010
Methyicyclohexane 020 138 - 011
n Pentane 0 30 092 - 007
Isopentane 0-40 106 ~ 008

Y intercept
{ppm}

Q50
072
036
om
050
061
o
004
o0
092

0N

026
G116
Q04

002
-0 56

01§

005
017

-026

038
006
009
015
Q53
012
015
on

95" Prediction intervai tor
Passive Monitor Sample st

Corretation True Concentration X
Coefficient Monitor Sampie

(19] X {(ppm) ippm}

096 ag Jigoap b
096 Ju TR 31w 24 ¢
097 20 23210286
Q96 10 120w 162
094 20 17 710254
94 30 2701395
094 10 7310109
086 10 9710169
073 10 7910179
054 10 3410209
Q94 25 179%w 270
094 20 16110229
097 20 16610224
097 20 16210206
098 30 24610300
093 25 22210310
096 20 24310310
097 30 2411031 3
099 40 4041044 2
095 40 33510439
095 20 17610236
095 20 1901024 6
095 20 17110225
097 30 26410338
093 25 227w0297
094 20 24410306
095 30 243100313
094 40 37210479

*Only 21 panrs 1 ppm
“*Only 15 pars Y ppm

the temperatures at sampling sites were judped to
range from 5 “C below to 10~ C above 25 C

. Overloading ot tubes and monitors could cause

errors. Charcoal tubes sampled trom 90 to 190 hters
of wir. averaging 130 liters, at | 1. min. Only two
charcoal tubes showed concentrations over 100 ppm
total orgamc vapors assaved (120 ppm and 150
ppm) These two tubes indicated 2% and 45 ppm total
vapor respectively 10 their back charcoal secthions,
For other tubes, the total collected 1n the back sec-
tion was less than 25 percent ot that 1n the trom
section. Each raonitor was exposed as long as both
tubes in a set. Any significant overloading ot moni-
tors would result in regression line slopes substan-
tially below 1.0. This did not occur

. The back section of a tube was analyzed whenever

the chromatogram of the front section showed rather
high peaks. In essence. the backs were analvzed of
total organic vapors assayed exceeded about 50
ppm. which occurred in roughly half the samples. It
1s possible that a portion of vapors collected in the

tubes was missed 1in analvzing samples trom areas
with low vapor concentrations. This would tend to
increase regression hne slopes shightly and gne sub-
stantially positive Y antercepts  Hhe latter did not
oceur

Tubes were analvzed 12 weeks atter samphing, and
monitors |7 weeks. Al were kept at -7 “Can the
interim - This delay mayv have resulted n loss of
collected vapors. One could speculate that migration
ol vapors 1o the hack sections ot charcoal tubes
durning storage might account for some loss in tubes
whose back sectinns were not assaved. [.osses in the
monitors might be less as the vapors would have no
alternate sink. Such migranon would tend to in-
crease regression hine slopes shghtly

1t)s the judgment of the authors that the potenual errors

did not mignificantly aftect the results.

significance of findings
Since observed concentrations of substances were generally
far below T1 Vs and permissible exposure hmits (PEL «). no
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ot hisions can b Jaw n bom thoswe data tepatding corelas
ot ot mamtors aid tibes al concentrations approasching
FEN SOwathout assutang incants beyond the obsenved data

However, since one of the anuicipated values of the pissine
MO0 s I Touline moaitonmg, 10s supottant o demaon-
strate that they can teliably measoie low exposures as wellas
high ones, 1 he results ol this study indicate that the passine
momtor aehiablhy assaved low concentiations ol mined
vipors of 20 of the chenncals mentioned equally as well as
chatcoal tubes, undet the condinons encountered Chiarcoul
tube and passive momitor tesulls dittered significantly tor
methylevelohexane and n-octane

| he tendeney toward negative Y-iptereepts (Lable Hy may
indicate o sub-ppm detection thieshold in the monitors tor
some chemicals Mote such comparative studies are needed
to build 4 body of hierature op which to establish the apph-
cabions and limitations ol the passive monftor.
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