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ABSTRACT

This document reports on anaìytical work carrìed out in cooper-

ation among three European labor"atories. The purpose of this work

was to carry out a first assessment on the performances of passive

sampìers for organìc vapours when used 'in indoor air pollution

monitoring and simultaneous'ly to evaluate the interlaboratory

agreement on low concentration analysis of a variety Of volatile

organic compounds.

Two types of passive samplers were thus exposed in the different

facilities and replicate Specimens were analysed at each of the

three laboratories. The most 'important finding was that differences

seem to exist between different specimens of the same Sampler type.

Qverall rçproducibi'lity and accuracy has been withjn 40%, but re-

producib'i'lity was better than 20% if a correction for the effect

of systematic differences between samplers l'las 'introduced.





/l

-l

II{TRODUCÏION

In the framework of a European research collaboration in the field

of Indoor Air Quafity sponsored by the Commission of the EC and its

Joint Reseanch Center (iRC) the assessment of indoor pollution by

organic aases and vapours has been identified as a priority obiec-

tive.One important way to achieve this goal is the analysis of air

samples collected'in a possibly wide variety of indoor spaces.

Therefore a simp'le, inexpensive and not disturbing sampling method

is required. Passive samplers are small inexpensive devicesconsist-

ing of an active charcoal strip or disk and an envelope providing

a diffusion gap; they have been deveìoped for personal and space

monitoring of volatile organic air pollutants in work place atmo-

spheres and would meet these requirements. However, concentrations

of organìc air pollutants in non industrial indoor environments are

typically l-3 orders of magnitude lower than relevant concentra-

tions in work place atmospheres. Therefore a problem of sensitivity

ari ses.

Ì,le report here on pilot experiments performed jojntly by the Hygiene

Institute of the Aarhus Universìty (HIA), the Institute fon l'{ater,

Soil and Air Hygiene (WaBoLu) of the Federal Health Office, Berl'in,

and the JRC. This pilot study was intended to give a first inform-

ation on the reproducib'iìity, the accuracy and the sensitivity of

passive sampler measurements, as well as on the range of compounds

for which this sampìing principìe is suitable. Moreover, the study

should give some informatìon on the stabi'lity of ìoaded samplers

when mailed over long distances. The question is of interest for

ìarge-scale measurement campaigns where different (geograph'ically

di stant ) I aboratori es wou'ld parti c'ipate i n the analys'i s of exposed

sampl ers.
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The results of these experiments are not supposed to provide a de-

finite answer to the question whether or to which extent'passive

samp'lers might be reasonably applied to the measurement of volatile

organic indoor air po'lìutants. The limited effort which could be

invested in this p'iìot study was rather aimed at assessing whether

a more detailed study is worthwhile and to which parameters or

details it should pay particular attention.

Two laboratory experiments have been carried out: one set of sam-

pìers was exposed in a cl'imate chamber of the HIA (Aarhus), another

set at the t{aBoLu (Berlin).

EXP0SURE (samp linq) C0NDITI0NS

a. Aarhus experinent

Two types of passive samplers, the 3500 Organic Vapor Mon'itor

(3 M Company) and the Gasbadge Organic Vapor Dosimeter (Nationaì

Mine Service Company), were exposed for 23 hours, distributed

over 4 days, in January'1983, to vapours of '15 organ'ic compounds

(see Table l). During this time, air was also drawn through a

charcoal tube (manufactured by the SKC Company fo'llowing NIOSH

recommendations). The type of compounds and the concentration

values during exposure (of about 9.5 mg p., t3 of air, see below)

reflect average conditions of new Dan'ish dwellings.

The exposure took p'lace in a climate chamber (83 m3) at the HIA.

F'igure I shows schematicalìy the exposure facilit'ies, in which

recirculation of a'ir ensures perfect mixing of the added pol-

lutants. The indoor climate conditions during exposure were 23oC

and 45% RH.

The total compound concentration during exposure was monitored
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by a FID detector cal'ibrated with toluene, to keep it constant

at the seìected value (e.s mg/m3).

The po'llutants were introduced ìnto the ventilation system as

fine droplets of the ìiquid mixture, which were evaporated by

heati ng.

N'ine samplers of each type were placed 'in the chamber, 'including

three which were left sea'led to act as blank controls. The air

voìume samp'led through the charcoal tubes was accuratelymeasured

and ranged between 146 .7 and ì 64.9 I 'iters . The samp'lers were

suspended to a horizontal string at the centre of the chamber

180 cm above the floor. The two types of passive samp'lens alter-

nated w'ith I 5 cm separati on. Tradi ti onal charcoal tubes v',ere

p'laced at the same height in the centre of the room.

Immediately after sampling the samplers (three of each type'

incìuding the blank) were sealed and mailed to the two other

parti ci pat'ing 'l aboratori es .

Table I Composi t'ion of the I i qui d mi xture of 'l 5 compounds used

for the exposure in Aarhus

Compounds

n-Hexane
Cycì ohexane
I -0ctene
Ethyl acetate
I sopropanol
3-Methyl -2- Butanol e

n-Decane
4-Met hy'l -2 - Pent anone

a-Pi nene

Butyl acetate
n-Hexanal
n-Butanol
ì.3-Xylene
n-Propyì benzene
1 . 2 . 4-T rimethyì benzene

Concentrat'ion in liquid mg/g

30 .84
3.52
0.30

43 ¿44

3.49
3.69

34,07
3.68

39.42
407.98
12"23
40.41

369 .03
3.94
3.98
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Fig. I - The climate chamber at the Institute of Hygiene, Aarhus, Denmark
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l. Inlet of fresh aìr
2. Absolute particle filter
3. Active charcoal filter
4. Dehumidifier
5. Temperature control
6. Air volume measurements
7 . Venti I ator for venti I at'ion ai r
8. Inl et of water \iapours
9. Electric heating and for fine

adjustment of temperature
10. Control for explos'ion danger
ll. Control for air temperature

12. Control for air pressure
13. Total hydro-carbon-detector

(FID detector)
14. Inlet of gases and vapours
15. Inlet slit, 5 mm x 6 m.l6. Outlet ventilator
17. Stainless steeì walls with

insulation and heating circuits
18. Four layers of gìass
19. Elevated, perforated floor
20. Chamber (volume 83 m3)

21. Recirculatìon of room air
22. Hunidity controì

5
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b. Berlin experiment

Six 0VM-3500 samplers and six Gasbadge samp'lers have. been ex-

posed for two weeks in march 1983 in an al'l-gìass exposure cham-
)

ber of I m' (see Fig. 2). The chamber has been purged with a

test gas mixture containing sìx components at known concentra-

tions (see Table 2l.. The mixture was obtained by generating a

concentrated primary gas mixture in a permeat'ion device and

diluting it with purified dry air. A flow of 290 1lh of the

resulting test gas mixture has been ma'intained throughout the

exposure period of 337 hours by means of a Brooks mass flow

control I er.

The concentrations of the six components in the test gas mixture-

as determined by weighing the permeation tubes periodicalìy

are reported 'in Table 2.

Table 2 - Concentratìons of the test compounds during exposure

3
n-hexane
n-heptane
benzene
tol uene
1.3 xylene
I . I . I -trichl oro-ethane

122
19.8
34.9
78.6
18.2
12.0

3 ¡,tgln
4.0
1.8
1.4
1.3
2.7

1
1
1
1
1
+

Three Gasbadge samp'lers were equ'ipped with addi t'ional f i I ter e-

lements for blank anaìysìs.
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AÎ{ALYTICAL TECHNIQUES

a. Hygiene Institute, Universi ty of Aarhus

The passi ve samp'l ers were el uted foì I owi ng the recommendat'ions

given by the respective manufacturers*, except for using as sol-

vent N.N.-dimethylformam'ide'instead of carbon disulfide. The

charcoal tubes were eluted with the same solvent, for 24 hours

at 27oC, using 2 n1 for each section of the tube. All eluates

as well as blanks and standards were analysed by gas-chromato-

graphy, empìoying a HP-5720 'instrument with a .l00 
m x 0,25 mm

capillary column coated with CW20 M; the carrier gas was helium

at 2 cn3/nin and the volume injected I pl with l:.l0 splitting.
Any other detail of the analyticaì technique may be found in

Ref. (l ).

The analyses were carried out several months after exposure of

the samp'lers, when another set of samplers exposed in the field
had to be analysed; in the meantime the samplers were stored in

refrigerator at - 40'C. The reference solution contaìned only

l0 out of the 15 compounds adsorbed on the samplers: this is the

reason why no results are availabìe for l-octene, ethylacetate,

n-decane, a-pinene and n-hexanal.

No rep'l i cate ana'lyses coul d be performed due to I ack of time

and, finally, this was the first occasion in which passive sam-

pìers were dealt with in Aarhus.

*
see annex I and 2.
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b. Institute for l{ater, Soil and Air Hygiene, Berlin

The active carbon pads of the passive samp'lers, as well as the

combined content of the two active carbon sections of the NIOSH

tubes, were extracted with CSZ. Prior to this extraction, 200

W of cycìooctane in CS, was added to the active carbon as in-

ternal standard. 0.5 ¡^oì of the elution solutions were injected

onto a gaschromatograph w'ith an 0V l70l cap'illary coìumn in the

sp1 itìess mode.

Due to lack of reference compounds, l-octene and 3-methyì-2-bu-

tanol could not be measured. Butylacetate and n-hexanal, as well

as isopropanol and CSZ could not be separated by the 0V l70l

column. N-propylbenzene and n-decane were not well resolved on

this column too. Whereas to.luene was not mentioned to be part

of the mixture of the Aarhus exposure experiment, all the sam-

plers contained this compound as indicated in Tables 4 to 6.

c. Joint Research Centre, Ispra

The pass'ive samplers were extracted with 2 ml C52, the charcoal

tubes wi th I ,5 ml and anaìysed by GC vi a sp'l ì tì ess 'in jectì on,

on an 0V-l column. A GC-MS run was also carried out to confirm

i dent'if i cati on of the d'ifferent compounds.

0f the ì5 compounds listed in Table 1,3 are not reported, name-

ly: l-octene, because too low in concentration, isopropanol,

because covered by the solvent peak and 3- methyì-2-butanol,

because the reference compound was not available. 0n the other

hand, toluene, notincluded in Table l, was detected in all sam-

pìers and the observed amounts are given.
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The calibration of the GC system for a-pinene and l'2'4 trimeth-

ylbenzene $ras performed respect'ively with decane and m-xyìene,

due to I ack of the former compounds.

Hexane and ethy'l acetate which were not separated under our

standard temperature conditìons u,ere separated at subambient

temperature on the elut'ion solution of one of the charcoal tubes

and the proportion of the counts observed was appìied to the

merged peaks ìn all other samples, to derive the concentrations

of the single compounds.

The analyses were carried out about two months after exposure

due to travel and customs de1aY.

RESULT AI{D DISCUSSION

The chemical analysis gives the amount A of pollutant(s) extracted

fnom a sampler, This value is converted into the mean air concen-

tratign c of the poìlutant during the exposure period by means of

the f ol l owi ng equat'ion:

C = A/(r'V )
(l )

where

and

r

v

is the recovery coefficient (or the fraction of the

adsorbed po1ìutant which has been extracted)

, the sampled air volume in the case of active samplers

- a cal.ibration factor in case of pass'ive sampìer which

is experimentalìy determined and/or theoretical]y de-

ri ved from the di ff us'lon equati on .
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Fo!" passive sampìers V is in general expressed as product of the

samplìng period t and an equ'ivalent sampling rate S which is spe-

cific for each compound. For OVM 3500 samplers S cm3/min values

are supplied for most compounds of interest in industr!al hygiene.

For the GASBADGE TM samplers a calibration factor is given which

has to be multipìied by the d'iffusion coefficient DIcmzlsec]of a

compound in order to obtain its sampling rate S.

l,li th the two approaches concentratì on val ues are cal cul ated us'i ng

the fol I ow'ing formul ae:

cfp,g/n3l = 106 A/(r.s.t) for the ovu 3500 Q)

c[¡t'g/n3l = 2,5.]03 A/ft.D.t) for the GASBADGE (3)

sampler, where A is in ¡lglsampìer and t in minutes.

Tabìe 3 reports for the compounds used in the two exposure exper-

iments available S and D values.

Measured A/r values and calculated concentrations are reported se-

parately for the two exposure experiments.

The recovery coeffic'ients r have been obtained in the following

ways by the three laboratories:

- At HIA (Aarhus) tne recovery correction was implicit'ly incorpo-

rated into the A values through add'ition of the absorbant (char-

coal) to the reference solutions; thus the fraction retained was

not measured both 'in the sample and in the standard.

- At the tlaBolu (Berl'in), since no experimental results were avaì-

lable for the recovery of poìar compounds, the recovery coef-

ficient for all compounds analysed by pass'ive samplers was set

to 0.87, a mean value obtained for hydrocarbons (21. For active
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samplers, a recovery coefficient of I was used: in the case of

polar compounds, the same reason as for passiVe samplers applies,

whereas for hydrocarbons, the recovery was experimenta'lly found

to be very close to l.

- At the JRC (lspra), a correction was introduced for only two com-

pounds (butanol and hexanal ), on the basis of some extraction

efficiency tests performed in the laboratory. These tests showed

no significant deviations of r from I for the other comiounds

tested, whereas for butanol and hexanal important losses occurred

(r = 0.28 and 0.67 for butanol on resp.0VM-3000 and Gasbadge;

r = 0.79 for hexanal on 0VM-3500).

a. Aarhus experiment

The measured A/r values are reported in Tables 4 - 6, separately

for the three sampler types. The Tables contain for each of the

test compounds the mean and the difference of the two quantities

determined for each couple of samp'lers.

In addition, the means of al1 A/r values obtained from a s'ingle

sampìer type and the associated relative standard deviations

are gì ven.

As aìready ment'ioned in the experimentaì section, a number of

constituents have not been detected or quantified at all or not

in all samplers due to one or several of the following reasons:

- too low conceniration (l-octene)

- unavailability of reference compounds (ethyìacetate, n-decane,

a- pìnene and hexanal at Aarhus, 3-methyl-2-butanole at Ber-

lin, 3-methyl-2-butanole and ø-pinene at Ispra)

-interference from the CS, (solvent) peak (isopropanoì at Ber-

lin and Ispra and to a lesser extent, ethylacetate and cycìo-

hexane at Berlin) or
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Table 3 - Samp'ling constants of passive samplers

ì) extrapolated from n-hexane to n-nonane values
2) estimated from values for n-nonane, n-decane and naphtalene
3) estimated from cumene

4) estimated from other alkyìbenzenes
5) interpolated between 2-butanone and 4-methyl-2-pentanone
6) 'interpolated between n-hexane and n-octane
7) estimated from other hydrocarbon values
8) value of 'l .4-cymene
9) value of methyl-propyì-ketone

0vM-3500
s [cm3/mi n ]

GASBADGE

o Icm2lsec]

I . I . l -trichloroethane

n- hexane

n: hept ane

n-decane

cycl ohexane

a-p'inene

benzene

toì uene

ì.3-xylene + 1.4-xylene

n-propyl benzene

l' . 2 . 4- tri met hyì ben zene

i sopropanol

butanol

ethy'lacetate

butyì acetate

3-methyl -2- butanole

4-methyì -2-pentanone

30.9

32.0

28.9

22.8 
r)

32.4

n.5 2)

35.5

3l .4

27.3

24.0 3)

24.0 
4)

39.4

34. 3

34.5

3l .6

33 5)

30.0

0.0794

0.073?

0. 0664 
6 )

o.o7g4 
7 )

0.0630 B)

0.0932

0.0849

0.0679'

0.0669

0. 0669

0.r0ì3

0.0861

0. 086 ì

0.0672

0.0793 9)



Table 4 - Results obtained on the 0VM-3500 samplers exposed in Aarhus

(l ) of the two sampìers
(2) one value only
(3) both results below detection Iim'it (1.3 pg)
(4) below detection limit

andard
dev.

l0

l9

27

12

22

67

25

2',|

28

47

t9

t 3.6

t3l

1 .88

| .92

14.4

8. 95

12.4

2.0.|

I7.0

ì1.6

t30

Overaì I
mean

ler/sdì ff

3.7

0.26

2.6

36

0.27

0.9

44

0. 38

0. 78

4.6

4.6

0.46

5.1

ler
JRC

s

mean

17 .2

r .53

19.2

ll.r
0.69

il.9
'l?6

1.0

13.3

147

1 .?9

r .89

r 5.6

di ffer .

0.8

Ì,,

(4)

(4)

0.3

0.9

0.4

0.9
.l.6

0.3

1.2

blaBoLu

mean I

(3)

8.9

(3)

il.3

126

I 3.7

t34

I .35

I .95

14.0

8.9

3.1

14.9

di ffer.

63

66

4

5.t

7.8

2.5

5.2

(

(4

1.4 (2

t.4

6.9

ì 3.8

ilì
4.r (z

13.7

139

il.0
1.4

HIA

I

n-hexane

cyc ì ohexane

ethyl acetate

i sopropanoì

3-methyì -2-butano I

n-decane

4-methyì -2-pentanone

a-pi nene

butyì acetate

n-hexanal

n-butanol

ì .3-xylene + ì.4-xylene

n-propyì benzene

ì . 2. 4-trimethyì benzene

tol uene

I

(¡)
I



Stand.
dev.
I T"l

4?

67

23

6.2

5.3

t7

9.5

66

l3

53

132

17

Overal'l
mean

[¡gls ampì erl

20.5

3.67

25.4

10. 3

I .93

ì1.8

ì5r

10. ì
.l63

2.2

5.0

22.5

JRC

I lolsampl er]
di ffer.

3.4

0.16

3.6

0.3

0.1

0.5

5

2.4

4

0.8

0.06

0.3

mean ilI

27.9

2.86

30.2

10. 5

2.1

10. 5

140

r 6.3

r60

ì.4

2.1

I9.3

ÙlaBoLu

Ilolsampl er]
Ji fference

14.4

4.3
.l.0

0.6

0.ì

,2.8

12

34

0.2

0.3

8.2

mean [lJ

't2.ì

1.9

8 21.6

6.25

20.5

(+)

4.7

t0.3

1.9

I 9

9

(4)

9

l.
ìl

t0.3

1.9

13.2

l6l
63

8.5

147

3.7

r6.8 (3

23.3

7 0.8(2)

t84

t.5

2.?

?4.9

(4)

t.8

HIA

llolsampì er]
di fferencemean [l ]

n-hexane

cyc I ohexane

ethyì acetate

3-methyì -2-butano ì

n-decane

4-methyl -2-pentanone

a-p'inene

butyì acetate

n-hexanal

n-butanol
.l.3-xylene + ì.4-xylene

n-propyl benzene

1 .2.4 tri rnethyì benzene

tol uene

Table 5 - Results obta'ined on the GASBADGE samplers exposed in Aarhus

(l) of the two sampìers
(2) one value only; the other is below detection
(3i one vaìue only
(4) belov¡ detection Iimit

I
¿Þ

I



Standard
dev.
r%I

47

29

58

32

3l

23

29

54

22

3l

?7

23

Overal ì
mean

trclsarPlerl

77 .1

'10.8

86.6

62.0

6.48

69. 3

815

53. s

773

10. 5

9.26

65. 3

JRC

[¡glsampì er]
differ

86

2.95

93

27.2

4.1

28.8

276

9.4

313

4.7

4.9

22.0

mean []l

t05

8. 46

tì4

67.6

7.4

7 4.2

678

3t .3

762

t0.5

10.6

57.3

tr,laBoLu

ßrg/sampl erl
di ffer.

27.2

5.2

23.9

52.9

23.3

Izes

20. 3

400
T

4..|

4.?

35.9

mean fil

59.6

I 3.7

59.8

63.8

QI

64.4

Itoz

40.5

8ì6

8.0

l0.l
64.6

HIA
f,uslsampl erl

di ffer.

4.3

t.7

(3)

0.t

9.7

0.1

177

15.5

1t7

3.9

(3)

0.6

mean nl

66.Þ

t 0.2

3.7

9.3

54.6

5.6

I 066

88.8

740

t3.0

7.4

73.9

n-hexane

cyc'l ohexane

ethyì acetate

i sopropanoì

3-methyì -2-butanol

n-decane

4-methyl -2-pentanone

a-p'inene

buty'lacetate

hexanaì

n-butanol

ì.3-xyìene + 1.4 xylene

n-propyl benzene

1 .2.4 trimethyì benzene

toJ uene

Table 6 - Results obtained on the charcoal tubes exposed in Aarhus

(l ) of the two sampìers
Q) both resul ts bel ow detectì on I i mit ( I . 3 ttg)
(3 ) bel ow detectì on I 'imi t

¡

¿(¡
I
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- insufficient GC separation (butylacetate/hexanal and decane/

n-propy'lbenzene at Berìin, hexane/ethy'lacetate at Ispra. In

this latter case separation was achieved for one samp'le us'ing

subamb'ient temperature: the peak area ratio determined in this

experiment has been used to correct the other values).

At Ispra the GC-response factor of n-decane has been used for

o-pìnene, whjch may result in an underestimate (<ZO"I) of the

ø-pinene quantities.

Using values of S and D reported in Table 3 and equations (l),
(2) and (3), the A/r values reported in Tables 4-6 have been

converted to concentration values where possible (see Table 7).

Besides the values obtained ìn each laboratory w'ith each sampìer

type, mean concentration values obtained with the three sampler

types and the overall mean concentrations and their relat'ive

standard deviations are given.

The results of the ana'lysis of blank samplers are summarized in

Table 8. At Berlin, blanks have not been analyzed together with

the exposed samplers. 0n1y later, five unexposed charcoal tubes

of the same batch as those used during the exposure experiment

have been analyzed.

For the discussion of the results it is important to note that

the participating laboratories could on'ly make a lìmited effort
in these 'invest'igations because the scope of the experiment was

not an in-depth study, but a rough assessment of the potential

usefulness of passive samplers for non-industrial indoor air
ana'lysis, i.e. at concentrat'ions ìn the þg/n3 instead of the

,3ng/n range.

Hence, the following evaìuation of reproduc'ibil'ity, accuracy and
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sensi t'ivty 'i s i ntended to gi ve i ndi cati ons rather than to ar-

rive at stri ngent concl us'ions.

Reproducibitity. For each coupìe of samplers the express'ion

R

A:
1 . 200 (4)

+A
12

has been calculated wher. Ail and AiZ are the quantities of com-

pounds i divided by the recovery coefficient r measured with the

two samp'lers of each couple and n is the number of compounds

which have been quantitative'ly detected. The values of R are

reponted in Table 9. The reproducibility of the duplicate ana'ly-

ses varìes between 6 and 45%.

R varies considerably for the same sampler type and for the same

laboratory. High R values are unlikely to be only caused by the

anaìytica'l procedure (extraction+GC ana'lysis) but are presumably

due to variations of the samp'ler characteristics.

This becomes evident if the ratios All/AiZ are calculated in-

stead of the differences Ai'l - A'iZ. Table l0 shows the mean

rati os

l%l= +

A

A:
1

Ð
1

(5)

and their standard deviations for each couple of samplers analy-

sed in either of the three laboratories. The mean ratios ob-

ta'ined with the 0VM-3500 samplers at Aarhus and at Ispra and

with the charcoal tubes at Berl'in and at Ispra show considerable

devi at'i ons f rom unì ty, exceed'i ng the vari abi ì ì ty associ atecl w'ith

the analytical procedure. Table t has therefore been recalcu-

lated introducing the following correct'ion:

*o = +I Ait/Aiz



Table 7 - Comparìson of air concentrations [t] measured through different samplers'in the Aarhus experiment ¡¡t"g/n3l

Resuìts by JRC

CHARC.

TUBE

68t

55

740

439

48

482

4400

338

4950

68

69

GASB.

683

6?9

?99

3730

339

4220

38

56

0vi43500

385

34

399

349

t6

363

2860

278

3860

39

56

Results by I'laBoLu

CHARC

TUBE

382

88

384

409

4t3

4500

260

5230

5t

65

GASB.

529

427

375

4350

17*

4860

40

59

0vM350(

199

69

3ì0

280

345

2860

286

3520

40

58

u ts
CHARC.

TUBE

425

65

24

59

348

36

6800

566

4720

83

47

GASB.

296

106

4290

177

3880

99

450*

0vM3500

246

3t

?5

30

?17

3l 50

289

2920

12?

mean concentrations
CHARC.

TUBE

496

69

562

399

448

5233

388

4967

67

60

GASB.

503

528

337

4123

258

4320

59

58

0vM3500

277

45

347

282

354

2957

284

3433

67

57

reì .

SD

lo

41

38

34

24

ì6

30

36

l8

48

12

Overal I
mean

concent.

425

57

482

340

380

4l 04

317

4240

64

59

Compound

n - hexane

cycl ohexane

ethyì acetate

ì sopropanol

3-methyl -2-butanol

n-dec¡ne

4-methyl -2-pentanone

a-pi nene

butyl acetate

n-butanol

ì.3-xylene + I "4-xyìene

n-propi ì benzene

I . 2. 4-trimethyì benzene

¡

¿
æ
I

(l) obtained from the data in Tabìes 4 - 6. using the data in Table 3 and the equations (l -(3
* values not included in the calculation cf the mean



- l9 -

Table 8 - Blank values observed'in the different samplers [¡rglsampìer]
[these data were obtained at the JRC, except thosã with notes
I ) + 2[

0vM- 3500 GASBADGE CHARCOAL TUBE

A+ B+ 2)

n-hexane

cyc I ohexane

ethyì acetate

n-decane

4-methyl -2-pentanone

a-pi nene

butyì -acetate

hexanal

butanol

m-xyl ene

n-propyl benzene

1.2.4 - trimethylbenzene

Toì uene

< 0.2

<0.2

< 0.3

< 0.2

<0.4

<0.2

< 0.4

*

< 0.6

< 0.2

<0.2

< 0.2

1.3
l)

< 0.2

.l .8 - 3.8

<o.2

2.0

0.66

l)

.0. 4

<0.2

<0.4 - 7.5 l)

*

<0.6 - 13.2 l)

0.54

.0.2

<0.2 - (12ü l)

.ì .'l

-0.2
<,0.2

< 0.3

-0.2
< 0.4

< 0.2

< 0.3

*

< 0.5

0.63

< 0.2

< 0.2

< 0.2

-0.3
<0.2

<0.3

-0.3
< 0.4

< 0.2

< 0.3

*

< 0.5

< 0.2

<0.2

< 0.2

< 0.2

< 0.3

< 0.3-0.6

< 0.3

< 0. 3-2 .8

< 0.3

< 0.3

< 0.3

< 0.3

< 0.3-2.0

< 0.3

< 0.3

< 0.3

Overal I range <0.2 't .3 <0.2 - 13.2 < 0.2 2.8

l) values obtianed at the HIA-Aarhus
2) values obtained at Ì^JaBoLu, Berlin on five tubes
t not detected (see text)
+ fìrst and second sectìon of the charcoal 'in the tube
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l.
n

lA: 
I 
/RA-4.i2 I

(6)Rc[%J = I

I
AÐ

ì
200

/ *Aì 
z

RA

with RA vaìues taken from Tabì.e 
.l0. The corrected repnoduci-

bility values RC are reported in Table ll. They are consjstently

lower than the vaìues of Table 9 and more likeìy in the range

of the presumable analyticaì reproducibilìty.

In the case of the values obtained at Ispra this has been con-

firmed by repetitive GC-anaìysis of several sampler extracts.

The relative standard deviations of the repetitively determined

test compound quantities varied from 5 to l5% in good agreement

with the figures of Table I I obtained at Ispra. Comparing

Tab'ìes 9, ì0 and ll it appears, that charcoal tubes show the

strongest variations of the sampling characteristics, the O\tM-

3500 samplers vary to a lesser extent and that the GASBADGT

samplers are the most homogeneous of the three sampler types.

Since onìy a small number of each type of sampìer has been

analysed these results can only be an indication that the homo-

geneity of samplers needs further investigation.

Table ll índicates that, apart from systematic differences bet-

ween Samplers, aìl sampler types and laboratories perfonm com-

parably well with respect to the reproducibility of the anaìy-

tical result.

Accuracy. The accuracy of the resuìts obtained with the dif-

ferent samplers could not be directly determined since the true

concentrations of the individual test compounds during exposure

are not exactly known.

Instead the overall mean concentrations shown in Table 7 are

taken as an estimate of the true concentration vaìues.

This assunption is supPorted by a comparison of the resulting
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Table 9 - Reproducibil'ity R of dup'licate analyses

Table l0 - Mean ratios RA of test compound quantities extracted from

each couple of samP'lers

Table I I - Reproduc.ibility of duplìcate analyses after correct'ion
for sampler djfferences

0vM-3500 GASBADGE CHARCOAL TUBE
R

Rø)*SD R (%) + SD Rø)*+SD

Aarhu s

Berl i n

I spra

35

'12

?8

23

t7

8

12

24

6

t3

23

4

ìl
37

45

t0

l3

t7

t9

24

26

R 24 t4 3l

0vM-3500 GASBADGE CHARCOAL TUBE

RARA *SD RA tSD RA* +SD

Aarhus

Berl i n

i spra

I ,46

0,99

1 ,27

0,32

0,22

0,20

I ,06

1 ,27

I ,03

0,24

0,41

0,0€

I ,09

I ,48

I ,63

o,l6

0,24

0,34

I .20

1.25

I .31

RA 1 ,24 I , I I I , 40 0 , 28

0vM-3500
RC (%) + SD

GASBADGE

RC &l *SD
CHARCOAL TUBE

RC (7)* + SD
RC

Aarhus

Berl i n

I spra

17

l2

12

l5

ì6

l6

l3

23

5

't0

l6

4

t0

l0

t5

7

ì0

ì0

I 3

q

I
I

l

l

RC t4 ì4 t2

* corrected for differences of measured sample volumes
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Table l2 - Overall mean and relative concentrations of test compounds
and comparison of their respective (relative) standard
devi ati ons

overal ì mean

concentrati on

l,t¡q / m3l

reì. stand.
devi ati on

t%t

reì.overaì I

mean conc.
Ml l)

rel . conc.
in lìq. test
mixture I )

% deviation
III.IV .IOO

IV

n-Hexane
cycl o-Hexane
Ethyl acetate
n-Decane
a-Pi nene
Buüyl acetate
n-Butanol
m, p-Xyl ene
n-Propyl benzene
l, 2. 4-Trimethyì benzene

I II III IV v

425
57

482
340
380

4. r04
317

4.240
64
59

4ì
38
34
24

ì6
30
36
l8
48
t?

10.02
I .34

il.37
.8.02
8.96

96.79
7 .48

I 00.00
I .51
r .39

8. 36

0. 95

|.77
9.23

I 0.68
I 10.55
.l0"95

I 00" 00
I .07
I .08

20
4t

3

l3
ì6
12

32

4l
29

I ) expressed as percent of the 1.3-.l.4-Xylene concentration

Table i3 - Estimates AC of the accuracy obtained with the different
samplers in the three participating laboratories

0vM-3500 GASBADGE CHARCOAL TUBE AC l%l of
LAB. MEANSAC (%l + SD AC (%') r SD AC (Ð *SD

Aarhus

Berì i n

I spra

40

23

17

26

l6

t4

2B

t2

22

??

ì5

21

28 29

l3

20

20

25

2l

t4

l4

AC of sampler
type means t7 9 t6
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relative concentrations fin % of the xyìene concentration, xylene

being supposed not to present part'icular difficulties with res-

pect to ad-and desorpt'ion) and the corresponding relative con-

centrations in the test mixture used for spik'ing the exposure

chamber aìr, as shown in Table 12. The Table, besides gìving the

overalì mean concentrations and their relative standard devi-

ations (columns I and II), contains these two relative concen-

trations (columns III and IV) and their relative deviations

(column V). tl|ith the except'ion of cyc'lohexane and ì, 2, 4-trime-

thyl benzene, the I atter val ues are al I wi thi n the rel ati ve

standard deviations of the measured overall mean concentrations.

Therefore the relative standard deviations of the overall mean

concentrations may be considered as a good estimate of the ac-

curacy of these experimentally determined concentrations, unless

a systematic error affects the determination of all test com-

pound quantities by the same factor, irrespective of the com-

pound nature. In view of the divers'ity of the test compounds,

such a hypothesis appears, however, rather un'likely.

The accuracy of the results obtained with the different samplers

and in the different ìaboratorìes has been estjmated comparing

the relative standard deviations of the mean concentrations

measured with each couple of samplers with the overall mean con-

centrati ons, usi ng the equat'ion

a

- .l...n

Acl%l=*.t
1

Q)

where c, is the mean concentration of compound i determined w'ith
'l

one couple of sampìers, ôi is the overall mean concentratìon of

the same compound and n is the number of compounds for which
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both values have been determined. Results are reported in Table

13. The table contains also the average deviations of the mean

concentration values obtained with each sampler type and in each

of the laboratories from the overall mean concentrations.

Analysing Tables 12 and l3 it appears that the accuracy of con-

centration measurements is of the order of about 40% or better.

Among the samplers the GASBADGE appears to perform best whereas

differences between laboratories are less pronounced.

Detection limits. No part'icular attention has been payed to the

evaluation of detection limits. Therefore out of the four

factors which determine the min'imum detectable amount of a sub-

stance (the solvent dilution factor, the extraction efficiency,

the blank value of the samp'ler, and the sensitivity of the GC-

analysis) only the blank values w'ill be briefly considered. From

Table 8 it results that, for the test compounds used in this
experiment, blank vaìues ranging from <0.2 up to 13 t g have

been determined. Assuming a signal/noise ratio of 3:l as con-

dition for unambiguorls detect'ion, detection limits rang'ing from

0.6 up to 40 pglsampl er deri ve, wi th typi cal val ues around

1 -5 pglsampl er. Thi s woul d be equ'ival ent to 25-120 ¡rglr3 for^

a 24 h exposure and to 4-17 þg/n3 for a one week exposure.

b. Berlin experinent

The Berlin experiment has been designed for a comparison of true
(expected) and measured concentration values. Therefore test

compounds were released from thermostatted permeation tubes and

diluted in a controlled flow of purified dry air. Thus, concen-

trations jn the exposure chamber could be calculated from the

weight loss of the permeation tubes and the d'ilution facton. The

choice of the test compounds was determined by the availabitity
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of appropriate permeation tubes.

In addition, the determination of test compound concentrat'ions,

via weight loss of the permeation tube has been checked by a

well established samplìng and analysis procedure using TENAX

adsorption tubes, thermal elution of test compounds and GC

anaìysi s.

Concentrat'ions determined by both methods are reported in Table

l4 together with the mean values and the relat'ive deviations

from the mean in percent.

The relative deviations are all below l0%. It'is therefore sup-

posed that the mean expected concentratìons correspond to the

true concentrations within an accuracy of l0%.

The experimental results are summarized in Tables l5 and 16 se-

parately for the 0VM-3500 and the GASBADGE samp'lers. The tables

report the mean and the difference of the two concentrat'ion

values determined in each of the three laboratories using eqs.

(2) and (3) and the S-respective'ly D-values reported in Table

3. In addition the overall mean concentrations per samp'ler type

and the'i r rel at'ive standard devi ati ons are gi ven.

I n the foì I ow'i ng, the reproduc'i b'i 
'l i ty and the accuracy of the

measurements are discussed.

Reproduc ibility. In analogy to the eval uat'ion of the Aarhus ex-

periment, the reproduc'ibility has been assessed by means of eqs.

(4) and (5) substituting however the sampled amounts A by the

measured concentrations c.. The resultìng vaìues of R and RA are

reported in Table .l7.
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Tabìe l4 - Expected concentrations [¡"cglmtl of test compounds in the
Berlin exposure chamber

expected concentrations
determined by

mean expected
concentrati on

Standard
devi ati on

wergnt loss Tenax samplinq U lo

n-hexane

benzene

n-heptane

tol uene

1.3 + 1.4-xylene

I . l, I . -trichloroethane

122

34.9

19.8

78.6

18.2

12.0

It3

34.8

19.2

66.6

I 6.8

14.2

lì7.5
34. 9

ì9.5

72.6

17.5

t3.l

5.4

0.?

2.?

ì1.7

5.7

lt.9



reì ati ve

SD

l%l

20.3
I9.0
32.3
24.9
s8.6

26.1

Mean conc.
oì/M 3500

þg/n3

72.9
20.6
12.6
44.8
22.1

ì3.3

JRC

mean* difference*
Ng/n3

3.9
2.0
1.6
3.9
0.3

0.3

73.0
21.5
9.7

48.9
.l0.9

t 6.7

l,'laBoLu

mean* difference*
ruqlm3

l4. t
0.3
0.ì
4.0
2.1

1.0

84.7
22.9
t7 .4
54. l
17 "2

ì 0.4

HIA
mean* difference*

Ng/n3

29.7
9.3
5.2
9.5
5.3

6.4

61.?
t7.5
I0.8
3t .5
38.2

12.9

Compound

n:hexane
benzene
n-heptane
tol uene
ì.3 + ì.4-xylene
l.l.l trichloro-
ethane

Table l5 - Test compound concentrat'ions determined with 0VM-3500 samplers'exposed at Berlin

Table l6 - Test compound concentrations determined with GASBADGE samp'lers exposed at Berl'in

I

f\)\¡
¡

rel ati ve

SD

Í%l

23.7
21.3
29.2
?3.6
61 .7

26.4

Mean conc.
GASBADGE

uq/n3

86.8
21.7
r 5.3
50.6
22.9

ls.3

mean*

xg

JRC

di fference*
/n3

15.0
0.2
t.3
0.9
0.6

.l.0

95. 5
20.0
ìì.7
46.2
t0.3

17 .2

llaBoLu
mean* difference*

,uglm3

I 4

4

3

I
3

2

l
0

3

I

2.9

96

27

20
6?
l8

9

0

I
7

6

ì 3.8

HIA

mean* difference*
,ug/m3

41.2
8.1
6.2

21.4
ìì.3

tì.4

68.0
19.2
14.2
42.9
39.9

ì 5.0

Compound

n-hexane
benzene
n-heptane
toì uene
1.3 + ì.4 xylene
l.l.l-trichloro-
ethane

* of the values obtained with the two samplers analyzed in each laboratory
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***
Table 17 - Reproducibility R and mean ratios RA of test compound

concentrations determined with each couple of samplers

a) values obtained if the concentrations of one of the two samplers
are divided by the mean ratio RA = 'l .17

* calculated using eq. (4
** calculated using eq. (S

0vM-3500 GASBADGE

R(%) rSD RA+SD R (%) * SD RA+SD

HIA

tlaBoLu

JRC

40.6 I 5.4

8.0 6.3

7 3 5.4

r.35 0.43

1.08 0.07

1.07 0,07

50.1 ì6.5

l6
ì.9 a)
7.3

2.7
l.9a)
5.t

I .40 0. 50

t.r7 0.03

ì.0t 0.t0
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For techni cal reasons at the H IA the ana'lys'i s of the sampl ens

was de'layed for several months. The high va'lues of R and RA may

therefore be a result of sampìe changes.Qut of the other re-

sul ts, on'ly the reproducì b'i I'ity obtaì ned w'ith the GASBADGE

sampler at the WaBoLu exceeds 10%. This appears to be due to

d'ifferences between the two sampl ers, s'i nce concentrati ons de-

termined with one of the samplers are consistentìy higher by a

factor of l.l7 than those determined w'ith the other samp'ler.

In fact, correct'ing the concentrations of one of the samplers

by this factor, a R-value of onìy 1.9% results. This findjng

confirms the conclusion drawn from the Aarhus experiment that

there may be si gn'if i cant di fferences of adsorpt'ion/desorpti on

characteristcs between samp'lers of the same type which need

f urther i nvesti gat'ion.

Accuracy. Table l8 compares the mean concentrat'ions measured

with the 0VM-3500 and the GASBADGE samplers and the overall mean

of the measured concentration values with the expected concen-

tratìons. The latter valúes differ by less than 40%. Thjs'is in

agreement with the result of the Aarhus experiment.

Yet no clearcut conclus'ion can be dtawn as to the reasons of the

devi at'ions between rcasured and expected val ues. They cannot be

explained by the errors of the analytica'l stepsfollowingextrac-

tion of the samplers which are significantìy lower and range

between 5 and 15%. A few 'indicat'ions may be derived from Tables

18 and 19. Values in Table l9 have been calculated usìng eq" 0
and introducing the expected concentration values for c.

Table l8 shows that for most compounds the measured values are



Table ì8 - Comparison of measured and expected test compound concentratìons

* excluding values measured at Aarhus

I

(,o
!

b.
{"c

p

I

69

80

98

ilì
ì 38-9

74

A EXPECTED

MEASURED IN %

OF EXPECTED

32

39

28

34

-29
ìg*

9

EXPECTED t SD T.

I t7.5

34.9

19.5

72.6

17.5

5.4

0.2

2.2

il.7
5.7

-13
I il.9

Measurecl mean concentrations þg/ns

OVERALI + SD %

79.9

21.3

I4.0

47 .7

22.5
14.2*

23

20

3l

24

57

29*

t 4.3 26

GASBADGE

86. B

2\.7

r5.3

50.6

?2.9
I 4.4*

t 5.3

0vM-3500

72.9

20.6

12.6

44. B

22.1
ì 4.0*

I 3.3

Compound

n - hexane

ben zene

rr - hept ane

toìuene

1.3 + ì.4 xyìene

l.ì.ì-trichloro-
ethane
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Table 19 - Accuracy AC obtained with the two sampler types in the three
partici pating I aboratories

0vM-3500
Ac' t%l + SD

GASBADGE

Ac I%1 t SD

AC %of
Laboratori es

HIA

I'laBoLu

JRC

53

20

37

!37
+12
*8

50

tl
35

+

t
+

40

I
9

54

20

36

t
t
+

38

l8

B

AC lr,l of
sampler type 37 +?6 32 +28
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smaller than the expected ones. For" n-hexane, benzene and tolue-

ne the difference exceeds the standard deviation of the overall

mean of measured concentrations. Sample loss by re-evaporation

from the samplers which could be considered as an exp'lanation,

should show some dependence on the boiling points of the test

compounds which is not observed (see b.p. values included in Ta-

ble l8).

0n the other hand Table l9 suggests that the storage time of

sampìers (or their history?) may have an influence on the ac-

curacy. In fact the AC value is smallest for the blaBoLu where

analysis has been performed jmmediately after exposure and high-

est for the HIA, where anaìys'is could be performed only several

months after exposure. Table l9 does not indicate any signifi-
cant difference between the two sampìer types.

coilcLUsIoils

The described experiments aimed at a first rather rough evaluation

of the app'licab'il ity of passive sampìers to the assessment of or-

ganic indoor pollut'ion.

The most important finding is that there are apparent differences

between sampìers of the same type. It has not been possibìe to

eluc'idate the reasons for these differences. Theoretically inhomo-

geneities of the exposure chamber atmosphere, or differences of the

adsorption or desorption characteristics may p'lay a role. This is
an 'important point which deserves further attention since it af-

fects significantly the reproducib'ility and the accuracy of the re-

sul ts.
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Overall reproducibil'ity and accuracy has been within about 40% but

reproducibi'lity was 15-20% or better if systematic differences

between sampl ers were corrected for. Th'i s i s an acceptab'le resul t
in view of the fact that each of the participating laboratories had

to manipulate samplers without being familiar with all types used.

A more detailed study on a'larger number of samplers would be

h'ighìy desirable. For this study a common analytical protocoì

should be established and an effort should be made to control the

concentrations of test compounds in the test chamber using dif-

ferent'independent methods.
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Use of the Sampl¡ng Guide Tables:

The following table summarizes OSHA standards, 3M monitor sampling information and recommended
sampling procedures for a variety of organic compounds for which the 3M Organic Vapor Monilors can
be used to acccurately determine the environmental exposures. The table is not exhaustive and will be
updated periodically. To obtain periodic updates, return the registration card contained in every box of
monitors to 3M Company.

A. OSHA Standards

The OSHA TWA-PEL's (Iime Weighted Average) given as workshift time weighted averages are taken
from the Federal Register as found in 29 CRF 1910.1000 as of 1 January 1977 and are summarized in
the "NIOSH/OSHA Pocket Guide to Chemical Hazards." Also included in parentheses are the current
ACGIH (American Conference of Governmental lndustrial Hygienist)values in cases where they differ
from OSHA TWA's. These values are subject to change and appropriate publications should be
consulted for the most current information.

B. Monilor Samples lnlormation

'Sampling Rate

All sampling rates have an accuracy ol + 5o/o. The (') compounds in the Sampling Guide tables have
been subjected to an extensive amount of laboratory work to verify the sampling rate. The sampling
rates given for the remaining compounds in this table were determined from empirical relationships
as outlines in a publication on Sampling Rate Validation. The sampling rates are tabulated as cubic
centimeters/minute and micrograms/ppm:hour. The publication on Sampling Rate Validation Protocol
can be obtained upon request from 3M Company.

The lop section of the #3520 (containing the primary absorbent) has the same geometric dimension
as the 3M Organic Vapor Monitor #3500. Therefore, the sampling rates are the same, and also have
an accuracy of +5o/o.

'Capacity
The capacity of the monitor for each individual compound is a function of molecular structure, vapor
pressure, environmental conditions, etc. The capacity values are tabulated in Section ll - Analysis
Guide, and are used to determine the length of a recommended sampling period.

Because of the backup section, the effective sampling capacity of the Organic Vapor Monitor #3520
is four times greater than the values listed for the Organic Vapor Monitor #3500/3510.

When sampling environments containing contaminant mixtures on environments with high reiative
humidity, it is difficult to accurately define the diffusional sampling capacity. Therefore, uncler these
conditions, the weight (Ws)collected by the secondary absorbent of the backup section can be
compared with the weight (Wp)collected by the primary absorbent to determine sample validity. Ïhe
ration WsAffp must be equal to or less than 0.50.

C. Length ol Sampling Period

1. General

3500,3510

When sampling for organic contaminants, full workshift sampling periods are recommender1 as
the most comprehensive measures of worker exposure. When sampling some organic
contaminants, sampling periods shorter than a full workshitt are required in order to sample
within the recommended capacity of the monitor. Under these circumstances, sequerrtial
sampling with several monitors can be performed.

3520

For those compounds where the recommended length of the sampling period for the Orç1anic
Vapor Monitor 3500/3510 is less than a full workshift, the length of the sampling period can be
increased by a factor of four when using the Organic Vapor Monitor lß5?o. Because of the
increased effective capacity of the Organic Vapor Monilor #3520, sampling periocls longer than a
full workshift are possible. The prefened recommendation is for fullwortshlËt saotpling perioCs.



2. Eflect on Humidi$

Recommended samplíng periods have been tabulated for concentration ranges îrom .1 to .5
times the PEL and tiomls to 3 times the PEL for relative humidities less than or greater than

70%. These recommended sampling periods should not be exceeded when using OVM

#3500/3510.

3. Minimum Sampling Time

To confirm quantitatively the presence and concentration of a contaminant in the atmosphere,

most analysis must havô a minimum of 10 micrograms for G.C. analysis. A sampling.period of at

least 15 minutes is recommended even when 10 micrograms of the contaminant could be

collected ln a shorter period. For a contaminant at a low concentration level, the sampling rate of
micrograms/ppm-hr. sirould be used to verify a sampling period during which at least 10

micrograms of the contaminant would be collected.

D. Short Term Exposure Limit (STEL)

The ACGIH has recommended a short-term exposure limit (STELIas a maxlmum concentration to
which workers can be exposed for a period up to 15 minutes continuously. No more than four (4)

such excursions per dayäre permitted, with át least 60 minutes between exposure periods, provided

that the ,"corrénúe¿ Âcclir daity TLV-TWA also is not exceeded. The STEL values summarized in

the following tables can be found in the "Threshold Limit Values for Chemical Substances in

Workroom Àir Adopted by ACGIH for 1980." The monitor is recommended for STEL sampling if,
during the 15 m¡nuie sanípling period, the monitor will collect a minimum of 10 micorgrams of the

contaminant when sampling at the STEL concentrations'

E" Unsuitable Compounds

The OVM is not recommended for the compounds listed below because of adverse or inadequate
interactions with the sorbent material. This list is representative of classes ol compounds not

suitable for use with the OVM.

Compounds not on this list or the Compound Guide should be handled by consultation with OH&SP
Technical Service.

Compounds

Ammonia
Carbon Monixide (1)

Ethylene Oxide (2)

Formaldehyde (3)

Hydrogen Sulfide
lsocyanates

-37-

Methane, Ethane, ProPane
Methyl Alcohol (Methanol)
MethylChloride
Methyl, Dimethyl, TrimethYl Amines
Organic Solids
Sulfur Dioxide

F.

(1) tored using 3M Monitor #3400

iZi red using 3tU Etnylene Oxide Monitor #3550/3551

igi ed using 3M Formaldehyde Monitor #3750/3751

Compounds Printed in Bold Type

All compounds listed in bold type in the OVM Sampling Guide wíll be anal¡zed by_3M for the OVM

#3510. lFor more information óòntact your 3M Salós Répresentative or your local OH&SP Safety
Products Distributor.

fPrepaid analysis for up to three compounds.
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The contaminant conconlra¡lon can be câlculated wr¡h the lollowng informat¡on:

o Sampllng lnlormatlon,
C.onøminant
Longth of Sumpling Pur¡o<l (nlin.) t

. Con!¡mlnant lnlormaUon lrom Tablos in Analysls Guldo
Calculotion Conot¿nl A or B

o Analytlcal Rosults
Contaminant woighl rocovoro<l W (Micrograms)
Rucr¡vury Crx¡lllclunl (r)

Thr¡ limo-wolghlecl-avolago cclncontrauon in milligrams p(rr cubtc motor ol lho cont¿mtnant in lhe
onvironment sampled car¡ bo ca,lculatecl lrorn the lollowing oxpression:

G(mg/mr) - W xA
r x t (m¡nutes)

The l¡me-weighted-averago conc€nUatjon in parts p€r million þpm) of the conta¡ninant can bo calc¡¡latod
l¡om the lollowing expression:

C(ppm)- W(micrograms) xB
rx t (minutes)

The above expressions calc¡¡late tne tlrne-weighted-av€rage conconlralircns al a sampling temperature ol
zS'C (zgS"R and preesure of 76O mm. When sampling at olh€r environ¡nental condiüons, the above
express¡rcns ne€d þ be conected onlylorvariiations in tomperalure. The above expressionscan be
muittpliod Ð rhe followr,ng temp€raures conect¡on faclors (CF1) lor samples coll€cted al t€mp€ratures otl¡er
lhar¡ 25'C (77'F1.

Sampling
("c)

Tomperature
("F)

Temporature
Correction Factor

(CFr)

44
37
31
25
19
13

1 11
99
88
77
66
55
45
36
27
18

.97
,98
.99

1.00
1.01
1.02
1.03
1.04
1.05
1.06

7
2
3
g

Ijrt¡rn tlru ¿¡tpvu L.rbl.,, r.lvr.rry 10-1 '1" aþovu of Þo¡ow 7l"F roquuos a ono percont @tfocuon to the calculatcd
trmu-worgl ited-avofage conconlf alron.

ll tho lomp€raturo correcl¡on s des¡red. the l¡rne weighted average @nc€ntrat¡on ca¡i br¡ calculateO by lhe
lollowing e)çress¡on:

C(mg/mr¡ - W (micrograms) xAxCF¡
r x t (minutos)

tÂ/ lmrcrograms)C(ppm) -
r x t (minutos)

xBxCF¡



Examplo Calculatlqn
Contaminant
Longth ol Sampl¡ng Punocl (t)
Tunt¡ruruturu (T)
Calculation Constanl A

or
B

C¡¡nlrrfl u¡ rul rl Wuglrl
Recovered (W)

Recovery Coeff icient(r)

Uulng Cuici¡¡¿trc¡n C¡¡rrslu¡tt A:

-39-

Bsruene
420 minutus
75"F
28.2

8.83

27.2 micrograrns
1.02

x28.2

x 8.8Í]

C(mg/mr) - 27.2
(1.02) (4201

C - 1.79 mg/m5

Using Calculation Constant B:

C þpm¡ - 27 '2
(1.02) (4.2O')

C - .56ppm
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Sampling Guide

COMPOUND

RECOMMENDEO
SAMPLING PERlOD

(Hre.)
SHORT TERT

EXPOSURE
LIMIT

(15 mln.)

OSHA
Strndsrd
TWA.PEL
( )ACGrÞt

TLV
C-Cclllng

(ppml

SAMPLING
RAIE

RH< 70% RH > 70olo

.r..5 .5.3
PEL PEL

,1..5 .5.3
PEL PEL

STEL
(ppm)

ovt
Urrge

(cc/mln.) Mlcrogram
ppmThrl

Acelone'
Acelonltrlls'
Acrylonltrlle
Allyl Alcohol
Allyl Chlorlde

n-Amyl Acelale'
6.Amyl Acetate
n-Amyl Alcohol'
i-Amyl Alcohol'
s-Amyl Alcohol

1 0.5
82
82
88
88

1

6
6
I
I

0.5
1

1

6
6

1250
60

2
2

Yes
Yes

No
No

1000
40

2
2
I

10.1
18.2
43.8
40.4
35.1

5.71
4.85
5.70
5.75
663

88
88
88
88
88

84
84
84
84
8¡l

v
125

Yes

Yes

100
125

(100)
100

(100)

26.0
27.2
31.¡l
32.3
32.3

7

6
6
6
6

.36
68
.78
.98
.98

Benzene'
Benzyl Chlorlde
Bromolorm
Butadlene
n.Bulyl Acetsto

88
88
88
0.4 NR
87

86
86
86
0.4 NR
63

25

12ñ
200

Yes

Yes
Yes

'!0
1

0.5
1000

150

35.5
27.2
29.3
12.8
31.6

6.78
8./fB

18.19
5.67
9.00

s-Butyl Acetate
t-Butyl Acetate
Butyl Acrylale

Butyl Alcohol'

s-Butyl Alcohol

85
84
88
I
I

I
6

6
6
I
I
6

3
3
6

4

3

250
250

Yes
Yes

200
200

(10)
100
(s0)
150

28
æ
28

6
4
7

34.3

34.8

8,14
8.37
9.01

5.55

6.32
t.Butyl Alcohol
Butyl Cellosolve' (2.Buloxyelhanot)
Butyl Glycidyl Ether (BGE)
p.lert-Butylloluene'
Gamphor

87
88
88
88
88

63
86
86
86
86

150
150

20
3

Yes
Yes

Yes
No

r00
50
50
10

2

35.2
2.8.2
27.0
2þ.7
21.4

6.39
8.15
8.61
7.51
7.11

Carbon Disulfide
Carbon Telrachloride.
Cellosolve' (2'Elhoxyethanol)

Cellosolve Acetele'
(2.Elhoxyelhyl Acetate)

Chlorobenzene'

82
88
85
I
I

I
I

61
86
83
84
I 5

20
150

150

Yes
Yes

Yes

20
10

20a
(100i
100

75

42.8
30.2
32.4

26.6

29.3

7.88
11,41

7 .14

8.60

8.12

o-Chlorostyrene

o-Chlorotoluene

Chlorobromomethano'
Chlorolorm'

1 -Chloro-1-nitropropanË

I
8

I
I
I

I
I
1.5
4

I

I
I
6
6

I

6

6

1.5
3

l)

75

75

250
50

Yes

Yes

Yes
Yes

(50)

(s0)
200

50
(10)
20

26.0

27.3

34.4
33.5

30.1

8.87

8.51

10.89
9.78

9.25
Ch loroprene (2-Chloro.l,$butadiene)

Cumone'
Cyclohexano'
Cyclohexanol'
Cyclohexanone'

88
88
83
88
88

6

I
6
I
I

4

6
2
6
6

't5
375

Yos
Yes

25
(10)
50

300
50
50

32.2

24.5
3?.4
29.5
28.9

7.03

8.82
6.67
7.24
6.9¡f

Cyclohexene'
Dlacelone Alcohol'
oDlchlorobenzene'
p.Dichlorobenzeno'

83
88
68
88

62
86
86
86

75

110

Yes

Yes

3oCI

ö0
50
ib

32.3
28.2
2V.8
27.8

6.49
7.15

r0.03
10.03

1,1-Dichloroethane

1,2-Dich loroethylene'
1,1 -Dich loro-1 -nitroethane
Dichloroethyl Ether

Dlisobutyl Ketone' (DIBK)

I 1.5

1 0.2
88
88
88

4 1.5

1

I
I
I

0.2
6
6

6

250

250
10
10

Yes

Yes
Yes
Yes

100
(200)
200

10
15
("q,i

'rj

33.2

35.2
28.5
2ô,1

24.6

8.07

E.38
10.07
9.16

8.56
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Sampling Gulde

COMPOUND

RECOMMENDED
SAMPLING PERIOD

(Hre.¡
SHORT TERM

Ð(POSURE
LIMIT

(15 mln.)

OSHA
Slendard
TWA,PEL
( ) ACG|H

T!-V
C.Cclllng

(ppm)

SAMPLING
RATE

RH < 70% RH >70%

.1..5 .93
PEL PEL

.1,.5 .5-3
PEL PEL

STEL
(ppm)

ovM
Uragc

(cclmln.) Hlcroq4lll
ppm/hr.

Dlmelhyl Formamide (DM F)
p.Dloxane

Dipropylene Glycol Methyl Ether
Enllurane

(2-Chloro'1,1,2 trlf luoroethyl
difluoromelhyl ether)

Eplchlorohydrln
(1 -Chloro.2,3-epoxy.propane)

88
88
88
88

88

I
I
I
I

6
4

4
ô

I 6

!
150

5

Yes

Yos

No

't0
100
(50)
100

(2t

5
(2t

32.4
34.5

25.3
28.3

29.6

5.8
7.45

9.19
12.81

6.76

Ethyl Acelalo'
Ethyl Acrylate
Ethyl Alcohol
Ethyl Benzene
Elhyl Bromlde'

7
I
1
I
1

1

I
0.5
I
0.2

1
6
4
I
1

1

4
0.5
4
0.2

125
2æ

Yes
Yes

400
25

1000
100
200

34.5
32.2
51.2
27.3
36.4

7.45
7.90
5.78
7.10
s.74

Ethyl Butyl Kslone (3.Heplanone)
Ethyl Ether
Ethyl Formate
Ethylene Chlorohydrin (2.Chloroethanof)
Elhylene Dibromlde'

(1,2'Dibromomelhane)

88
0.3 NR
3 0.5
88
88

86
0.3 NR
3 0.5
86
86

75
500

v
Yes
Yes
Yes

50
400
100

5
20

28.0
36.8
38.8
33,9
29.6

7.83
0.68
7.04
6.66

13.66

Ethylene Dichlorlde'
(l,2.Dlchloroelhane)

Furfural
Furluryl Alcohol

Glycldol (2,3-Epoxy-1-propanol)
Halolhane

(2-Bromo'2-chloro.1,1,1 lrllluoroethane)

88
88
88
88
88

6

I
I
I
6

1

I
6

6
1

15

15
10

I'

Yes

Yes
Yes

Yes

50
(10)

5
50
(5)
50

(21

33.2

34.3
32.6

37.1
30.2

8.07

8.08
6.98

6;Ì4
14.63

Heptane'

Hexachloroelhane
Hoxane'

s-Hexyl Acelale
lsoamyl Acetate

I
I
I

2

I
1.5

88
88

4

I
4

I
I

2

I
1.5

4
4

500

3
125

125

Yes

Yes
Yes

Yes

500
(400)

1

500
(100)

50
100

28.9

26.7
32.0

28.'l
27.2

7"08

15.53
6.74

9.93
8.68

lsoamyl Alcohol'
lsobutyl Acetate'
lsobutyl Alcohol'

lsophorone'

lsopropyl Acelale

88
88
88
88
82

I
I
I
I
6

1
4
4

ô

2

125
187
75

310

Yes
Yes
Yes

Yes

100
150
100
(50)
25
(5)

250

32.3
31.0
35.9

21.7

31.7

6.98
8.82
5.61

7.34

7.93

lsopropyl Alcohol

leopropyl Ether

lsopropyl Glycldyl Ether
Mesllyl Oxlde'
Mesltylene' (frlmelhyl Benzene)

I
5

2

0.8

88
88
88

6

4

I
I
I

2

0.6

6
6
6

500

310

75

35

Yes

Yes

Yes

Yes

400
(250)
500

(250)
50
25
26

39.4

31.2

29.1
31.2
26.3

Melhyl Acelate'
Melhyl Acrylale
Methylal (Dimethyoxymethane)
Methyl Amyl Ketone (2-Heptanone)
Methyl Bromide

3 0.5
B7
0.3 NR
88
4 0.5

3 0.5
63
0.3 NR
84
3 0.5

250

1250
150

Yes

Yes
Yes

200
10

1000
100

20
(1 5)
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Sampling Guide

COMPOUND

RECOMMENDED
SAMPLING PERIOD

(Hrs.)

SHORT TERM
EXPOSURE

LIM¡T
(15 mln.)

OSHA
St¡ndard
TIVA.PEL
( )ACGTH

TLV
C-Cclllng

(ppm)

SAMPLING
RATE

RH < 70% hH >70%

.1..5 .5.3
PEL PEL

.l-.5 .5.3
PEL PEt

STEI
(ppm)

ovil
Uragr

(cclmln.) Mlcrogrrm
ppmtñr:

Methyl Butyl Kelone' (2.Hexanone)
Methyl lsobulyl Keloner (Hexanone)
Methyl Cellosolve' (2.Melhoxyelhanol)
Melhyl Cellosolve Acetatð.

(Ethylene Glycol Methyl Ether Acelale)
Melhyl Chlorolorm.

88
88
88
88
61

I
I
E

I
4

1
4
6
6

1

50
125
35
35

450

Yes
Yes
Yes
Yes

Yes

100
100

25
25

350

25.7
30.0
36.3
29,0

30.9

7.29
7.35
0.76
8.38

10.09

Methyl Cyclôhexane.
Methyl Cyclohexanol

Melhyl Elhyl Kelone' (2.Butanone)
Methyl Formate
SMethyl-3-heplanone

(Ethyl Amyl Kelone)

I
I

2.5
I

83
0.7 NR
88

6
I

2
4

62
0.7 NB
86

500
75

300
150

Yes
Yes

Yes
Yes

500
100
(50)
200
100

25

28.9
28,8

38,3
45.0
24.1

6.94
8.06

ô.41
6.33
7.39

Methyl lodide
Myethyl lsobutyl Carblnol

(Methyl Amyl Alcohol)
Melhyl lsoamyl Kelone
Melhyl Melhacrylale
Alpha Methyl Slyrene'

01
88
88
8E
88

4
I
I
I
I

1

6

1
1
4

10
&

150

3',

Yes
YeE

Yes
Yes

5
25

100
100
100

36.7
29.2

28.0
31.8
25.0

12.79
6.51

7,83
7.80
7.24

Melhylene Chlorlde' (Dlchloromelhane)

Naphtha (VM&P)'
Naphthalene
Nonane'

Octane'

1 0.2

82
88
85
83

1 0.2

6
I
6

6

2
6
3

2

250

400
15

2n

375

Yes

Yes
Yes
Yes

Yes

500
(200)
300

10

(200)
500

37.9

33.2
24,8
24.6

26.6

7.91

8.15
ö.88
7.71

7.43

Penlane'

2-Penlanone. (Methyl Propyl Kelone)
Perchloroelhylene (Ielrachloroethylene)
Phenyl Elher
Phenyl Glycidyl Ether

2.5 0.4

85
87
88
88

2.5 0.4

6
6
I
I

3
3
6
6

750

250
150

2
15

Yes

Yes
Yes
No
Yes

1000
(600)
200
loo

1

10

35.3

33.0
28.3
24.1
20.8

5.56

6.95
11.53
10.05
7.71

n-Propyl Acelale'
n.Propyl Alcohol'
Propylene Dichlorlde'

(1,2. Dlchloropropane)
Propylene Glycol Monomethyl Ether

n-Propyl Nllrale

84
88
88
I
I

I
I

I
6
6

I
I

3
4
4

4

4

250
250
110

150

40

Yes
Yes
Yas

Yes

Yes

200
200

75

(100)
25

30.1
39.7
30.6

32.1

33.3

7.53
5.21
8.49

6.09

7.27

Sloddard Solvenl

Slyrene'
1,1,2,2-Telrachloroelhane
1,1,1,2-Telrachloro-2,2-dif luoroethane
1,1,2,2-Telrachloro-'1,2-dlf luoroelhane

84
88
88
5 0.75
5 0.75

6

I
I
4
4

3

4
6
0.75
0.75

125

125
10

625
625

Yes

Yes
Yes
Yes
Yes

5oo
(100)
100

5
5æ
500

200
200

10
100
(50)

1000

24.3

26.8
28.1
29,7
28.2

8.59

6.83
11.71
14.87
14.12

Telrahydrofuran
Toluene'
l,l,2.Trlchloroethane'
Trlchloroethylenc'

1,1,2.Trlchloro.1,2,2-lrllluoroelhane

82
86
88
88
0.5 NR

42
63
66
86
0.5 NR

250
15()
20

150

1 250

Yes
Yes
Yes
Yes

Yes

37.2
31.4
29.7
31.1

31.4

ô,57
7.08
s.69

10.00

't{.41

1,2,3-Trlchloropropane
Vlnyl Acelate

Vlnyl Bromide
Vinyl Chloride'

Vlnylldene Chloride

88
88
22
22
22

I
6

2
2

2

6
4

2
1.5

2

75
20

20

Yes
Yes

Yes

50

(10)
(5)

1

(5)
(10)

27.4
35.8

41.0
40.9

38.6

9.Ê8
7.56

10.?7
8.t?

g,r9

Vlnyl Toluene
Xylene'

88
88

6
6

4
4

150
150

Yes
Yes

100
100

26.8
27.3

7.75
7.09
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ANNEX II
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1. Introduction
The techniques you currently use to analyze charcoal tubes on a

gas chromatograph (GC) will apply to the analysis of the GAS-

BADGE organtc vapor collection element After you review the

instructions contained in this booklet, you may contlnue to use

your present analysis method after modifying rt appropriately.

l.t Principlc¡ of the Method. The GASBADGE Organic Va-

por Dosimeter uses principles of diff usion and chemical adsorp-

tron to collect organrc vapors or gases in the industrial environ-

ment.r'2 Subsequent analysis c¡f the collected vapors is done by

gas chromatography, utilizing solvent desorption techniques.3

The practical applrcation of these princrples and techniques
makes the GASBADGE Organic Vapor Dosimeter an excellent
tool for monitoring exposures of personnel 1o organic vapors and

gases.

1.2 Conducting a Monitoring Program. A monitorrng pro-

gram can involve several rndivrduals often separated by large

distances and varying levels of technical expertise lt requires

knowledge of employee work routines, and tlre areas in which

they can be exposed to potentrally hazardous materials.a Obtain-

ing accurate employee exposure information requires adequate

lrainrng of field and laboratory personnel This manual will pro-

vide the necessary training of such personnel to assure accurate

results in the following areas.

1.2.1 Preparing the Dosimeter - Loading the dosimeter, label-

ing and records-keeping
1.2.2 Field Sampling - Puttrng a loaded GASBADGE Organic

Vapor Dosimeter on the employee, making sure a blank is prop-

erly taken; noting any conditions that could af fect the collection
of vapors and gases.
1.2.3 Treatment ol Exposed Samples - Removing the collec-

lron element from the dosimeter, putting the element into a

collection vial; labeling and records-keeping; transporting to the

analytical laboratory.
1.2.4 Sample Analysis - Preparing a standard curve; desorp-

tion efficiencies; sample analysis.

2
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1.2.! Preparing a Report - Calculating results: compiling em-
ployee exposure information, preparing the report.

t.3 Brngo rlìd Son¡itiuity. The useful range of the dosime-

ter is 0.20-200 ppm for an 8-hour exposure. This range will vary,

depending upon the substances being monitored, the sensitivity
of the GC apparatus, and the length of the exposure time. ln
general, the minimum sensitivity is determined by the sensitivity
of the gas chromatograph to the material being analyzed' The

maximum loading capacity for GASBADGE collection elements
is 10 mg. For additional information, see Section 1,5.

t.4 Procition rnd Accuracy. The mean relalive standard

deviation of the analytical method and sample collection using

the GASBADGE Organic Vapor Dosimeter is 4.8% for benzene.

The dosimeter meets OSHA accuracy requirements for benzene

monitoring oÍ +25o/o at a 95% confidence level.

1.5 Advrntrgcr. The dosimeter is small, portable, and in-

volves no liquids. lnterferences are minimal, and one oan elimt-

nate most of those that do occur by altering chromatographic

conditions. The dosimeter collection element is analyzed by a

quick, instrumental method. The method can also be used for the

simultaneous analysis of two or more solvenls suspected of

being present in the same samPle,
Ir is d¡fficult to overload the GASBADGE dosimeter at con'

centrat¡ons of interest, since it can readily sample 150-200 ppm

of most organic vapors for g hours. Additionally, the amount of

activated carbon in the GASBADGE dosimeter allows collection

of at least 1 5 mg of organic vapors. lf a total of more than 10 mg

of organic solvents is collected on the activated carbon collection

element, one should suspect overloading of the dosimeter'
lf the exposure area is suspected of having a high concentra-

tion of organic solvent vapors, more than one dosimeter can be

used to obtain consecutive samples for shorter time periods.

Using two dosimeters to collect two consecutive samples of 4

hours each doubles the range, elc.

3
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1.6 lnt¡rlcr¡ncc¡. Technical literature indicates that high hu-

midity alters adsorption for various organtc solvents.
When two or more solvents are suspected of being present

in the air, such information, including their probable ident¡t¡es,

should be transmitted with the sample, since one may displace
another from the activated carbon.

It must be emphasized that any compound which has the

same retentron t¡me as the specified compound under study at
the operating conditions described in this method is an interfer-
ence. Hence, retention time data on a single GC column, or even
on a number of columns, cannot be considered as proof of
chemical identity. For this reason, it is important that a sample of
the bulk solvent(s) be submitted at the same time so that
identity(ies) can be established by other means.

lf the possibility of interference exists, separation conditions
(column packing, temperatures, etc.) must be changed to cir-

cumvent the problem.

2. Monitoring Employee Exposuro
2.1 Prcprfing the Do¡imeter.

Figure 'l Figure 2

4
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2.1.1 The GASBADGE Organic Vapor Dostmeter package (Fig-

ure 1l contains:
a 5 Dosimeters (unloaded)

b. 10 Collection Elements
c. 10 Draft Shields
d. 10 Sanrple Vials and Marler
e. 10 Monitoring lnformation Labels
f. 'l Tamper

S. 1 Pair Forceps

2.1.2 The GASBADGE Organic Vapor Dosimeter (Figure 2) has

the following components when loaded:
a Sliding Cover
b Dosimeter Front with openrng to allow dlffusion of gases

or vapors into dosimeter
c Protective Screen
d. Draft Shreld
e. Open Grid 1o def¡ne dif fusron geometry
f Replaceable Collection Eletnent
g, Dosrmeter Back with sprrng clrP

2.1.3 To prepare."r,'i::::r monitoring: 
Fisure4

a Slide cover completely off
b. Place the index f inger of one hand on the opening of the

dosimeter front. Hold stdes of dosimeter with other hand
(Figure 3)

c. Press down with index frnger to separate components

5
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2.1.4 Io load the dosimeler;
a. Place the front face down.
b. lnsert protecttve screen in sectron of dostmeter f ront with

openrng.
c, Place draft shield on top ol protective screen (Figure 4)

d Place back with cliP down on table

e. Remove collectton eleme¡rt from sealed package'

Figure 5 Figure 6

f . Place collection element in top section of dosimeter back

(Figure 5). For at least one dosimeter of the group'
placa an additional colfection element in the bot'
tom 3ect¡on as a blank. (See Section 2.3.2e]l

g Place grid into back of dosimeter. Make sure the edge with

the lip touches the collection element (Figure 61.

h Press f ront and back halves of the dosimeter case together
(Figure 7).

i. Slide cover all the way to lhe top of the dosimeter (Fig-

ure 8).

¡. Put an exposure informallon label on the back of the sliding

cover of each dosimeter.
k. The dosimeter is now loaded and ready for use.

l. Prepare an inforrnation sheet, lrsting employees to be

monrtored. lt should contain the followrng data:

1. l.D. number
2. Lot number of collection elements

6
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3. Date of exposure
4. Name of employee monitored
5. Social Security number
6. Vapors monitored
7. Other pertinent data, e.9., lob description

Figure 7 Figure I

2.2 Honitoring Employoe ExPolurc.
2.2.1 The GASBADGE dosimeter generally will be used for
t¡me-weighted average (TWA) exposures of several hours dura-

tion. "Grab" samples may be collected for short sample periods,

e.g., 15 minutes, if vapor concentrat¡on is high enough to provide

sufficient material for analysis.

2.2,21o begin monitoring with the GASBADGE dosimeter:
a. Write required information on label on back of each

dosimeter.
b. Slide cover down to begin exposure.
c. Clip dosimeter near employee's breathrng zone (see inside

front cover).
d, lnstruct the employee to report any extreme conditions

lhat could affect the monitoring, such as high temperature,
high humidily, or splashes on the face of the dosimeter.

e. Allow employee to resume hls or her normal work
schedule.

l. Exposure time generally rs I hours, although longer or

shorter times may be used
g. Remove dosimeter at the end of exposure period.

h. Slide cover up to end exposure.

7
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Figure 9 Figure 10 Figure 11

2.3 Tr¡¡tm¡nt of Expored SrmPlcr.
2.3.1 To remove collection element from the dosimeter:

a. Open the dosimeter (Figure 3) in an area free oT organic

vapors.
b. Remove the gr¡d.

c. Using sharp-pointed forceps, roll up the collection element
(Figure 9).

d. Twist element into sample vial (Figure 10).

e. Use the tamper provided in the collection element kit or

forceps to gently push the collection element so that ¡t

occupies the bottom half of the vial (Figure 11).

f. Close the vial tightlY.
g. Remove exposure informatton label from back of dosime-

ter and attach ¡t to the sample vial.

2.?.2fo ship samples to the laboratory:
a, Place vials into the GASBADGE@ Analysis Services mailer'

b. Fill in information required on the mailer.

c. Be sure to include the complete chemical name, no ab'
brovietion¡ ot tredc namoa. For example, if trichloro-

ethane is abbreviated as "TCE," it could be misinterpreted
as trichloroethylene or tetrachloroelhane.

d. lmmediately mailsamptes to National Mine Service Co. (ot

send to your company laboratory) for analysis.

e. Treat "blank" element in same fashion as exposed

elements. Label vial "blank" and send it with the exposed

samples for analysis. See Section 21 4t 1

I
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3. Analytical Procedures
3.1 lntroduction. The analytical method used is based on

NIOSH Method No. P&CAM 127, ORGANIC SOLVENTS lN AlR.3

ln general, the only significant difference ln the analysis of

GASBADGE organic vapor collection elements from the analysis
of charcoal tubes is thal the sample size usually is smaller. This is

due to:
a. less vapor/gas collected by diffusion, and

b. a larger amount of carbon disulfide (CSz) is added to the

collection elements in order to completely desorb the

sample.
With a well-calibrated gas chromatograph, accurate deter-

mination of pg quantities of contaminant, e.9., benzene, is roq-

tinely possible.
Calculation of time-weighted-average concentratiqns in

parts per million requires use of various standards, desorption

studies, and quality control checks in addition to analysis of the

samples. Standards are used to determine lhe concentrations of

tho gamples by comparison with known concentrations. Since

not all of the contaminant adsorbed on the charcoal will be

eluted, desorption efficiencies must be determined al dilferent
concentrations. Periodic checking of the response ol the gas

chromatograph and other laboratory techniquPs requires thal an

pngoing quality assLrrance program be a pañ of the analysis.

3.2 tttori¡lr ßcquirod.
3.2.1 Equipment

a. Gas chromatograph equipped with flame ionizatiQn de-

teclor,
b, Any column which can provide the desired separalion,

c. A mechanical or eleclronic integrator or a recorder ênd

some method for determining peak area.

d. Septum-covered glass vials, A 3.7 ml screw-cap vial with a

teflon-rubber disc and an open.top screw cap is recom-

mended.
e. Hamilton syringes. 10 pl, or convenienl sizes for making

dilutions
f . Pipets 2 0 ml class A de[very p¡pets; pipets graduated ¡n

9
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0.1 ml increments; or approprrate repipets.
g. Volumetric f lasks. 10 ml or convenienl sizes for standards.

h. Laboratory hood
i Laboratory shaker.

3.2.2 Reagents
a. Spectroquality carbon disulfide, or other eluent as

required.
WAßNING

Acute carbon disulfide exposure can cause reqpiratory fail-

ure, and chronic exposure can cause severe psychological

disorde16
b. Bulk sample of the compound under study
c. Nitrogen, ultra pure - 99.995% or better (or other purif ied

carrier gas)

d. Prepurrfred hydrogen - 99 995% or better.
e. Filtered compressed air.

3.2.3 Typical GC Conditionsi
a. GC column'. 1oo/o FFAP on chromosorb W, AW-DMCS,

80/100 MESH, 20 ft x 1/8 in.

b. 30-50 cc/min. nitrogen carrier gas flow
c. 65 cc/min. hydrogen gas flow to detector
d. 500 cc/min. air flow to deteclor
e. 200'Ç injector temperature
f. lsothermal oven or appropriate temperalure program.

Other columns and sett¡ngs would be appropriate if they
accomplish the desired separation of the contaminant
matertals analyzed

WARTITG
(i.lrllotr tlrl,ullrrl.: tr, rrxltt:ttt{;ly ll,rtlrtrr¡llrlt;, ( ì(. ttt¡t:r;lul lt,rtrr

peratures and column connections should be carefully

monrtored Auto ignit¡on lemperature is 100"C.6

3.2.4 Cleaning of Equipment
All glassware used for laboratory analysis should be deter-

gent-washed and thoroughly rinsed wrth tap water and distilled
water

10
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3.3 Anrlyticrl tcthod¡.
3.3.1 Desorption of SamPles

Carbon disulfide is a suitable eluting solvent for most organ-

ics. Other eluting solvents may be used rf they do not ¡nterfere

with the GC analysis. The eluent is added to the vial containing

the activated carbon collection element. lt has been determined

that a volume of 3.0m1, rather than 2.0m1 of carbon disulfide or

other eluent generally yields higher and more consistent desorp-

tion of collected samples. ln addition, a 3.0m1 solvent volume

makes it easier to remove an aliquot of the desorbed sample for

transfer to an auto-sampler vial. A 3.0m1 desorption volume is not

recommended if it would lower the concentration of analyte

below the sens¡tivity of the gas chromatograph for the materials

being analyzed. (Note: standards are prepared using the same

volume of eluent as the samples). This step should be carried out

in a hood due to the high toxicrty of CS2. For added protection

and convenience, a septum cap is provided with each vial' The

samples should be gently mixed at frequent intervals over a

desorption time of 30 minutes. Use of a laboratory shaker is

recommended. Care should be taken not 1o splash CS2 on the

inside of the septa as this could cause loss of CS2,

3.3.2 lniection
The first step in the analysis is the in¡ection of the sample

inlo the gas chromatograph. To eliminate blowback or distillation

within the syringe needle, one should employ the solvent tlush

injection technique. The 1Opl syringe is f irst flushed w¡th solvenl

several times to wet the barrel and plunger. Three microliters of
golvent are drawn into the syringe to increase the accuracy and

reproducrbilily of the iniected sample volume. The needle is
removed from the solvent, and the plunger is pulled back about

0,2p1 to separate the solvent flush from the sample with an air

bubble that is used as a marker. The needle is then immersed in

the sample, and a 5plaliquot is withdrawn, taking into consid-

eration the volume of the needle, since the sample in the needle

wrll be completely iniected. After the needle ls removed f rom the

sample and prior to iniection, the plunger is pulled back a short

distance to minimize evaporation of the sample from the tip of

the needle, Duplicate iniections of each sample and standard

't1
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should be made No more than a 3% difference in area is 1o be

expected. The analyte can also be transf errecl to the smaller vials

of an auto sampler. Automaled iniections would then provide

standardized rnleclion technrques

3.3.3 Measuremenl of Area
The area ol the sample peak is measured by an electronic

inlegrator or some other surtable f orm of area measurement, and

prehminary results are read f rom a standarci curve. (see Section

3.4)

3.4 Prcptring a Standard Curve. lt is convenienl to ex-

press concenlration of standards in terms of ¡rg/2.0mleluting sol-

vent because samples are desorbed ln thls amount of eluent A

serres of stardards, varying ln concentratton over the range of

interest, are prepared and analyzed under the same GC condl-

lrons and during the same time penod as the unknown samples'

Curves are establtshed, by the plotting of concentration in pg/

2.0m1 versus peak area

The werght, ¡n pg, corresponding to each peak area is read

f rom the standard curve for the particular compound No volume

corrections are neecjed, because the standard curve is based on

pgl2.Oml eluting vQlume and the volume of sample inlected is

rdentical with the volume of the standards iniected.

A rule of thumb for determinrng the range of interest for

standards is to make solutions at 0 5, 1 0 and 2.0 x the maxi-

mum permissible exposure value. To calculate the amount of

pure compound to adcl to 2.0m1 CS2 to correspond to this value,

see Section 4 'l 
.

To prepare stanclards at low concentrations, it may be nec-

essary to add the analyte to a suitable solvent to obtain measur-

able quantit¡es of the substance lo be quantilatively added to the

carbon disulfide.
Standards should be run in duplicate. The corresponding

pairs should be averagecl and plotted The use of a regression

analysis is helpful rn determrning the slope and intercept'

The standard curve should exhibit linearity over the range of

inlerest. To calculate concentration (pg) f rom the standard curve

(since it is of the form Y : mx + b)

12
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,,^ : Area units - intercept
sloPe

For detailed calculation procedures see Section 4.1.

3.5 Doorption Efficicncicr. The desorption efficiency of a
particular compound can vary f rom one laboratory to another and

also from one batch of carbon to another, Thus, one must deter-

mine, al leasl once, the percentage of the specific compound

that is removed in the desorption process for a given compound,
provided the same batch of carbon is used. Since the desorption

elficiency may not be constant over all concentrations, desorp-

tion efficiencies must be done at several concentrattons' The

concentrations are then plotted aga¡nst the desorption efficien-

cies. The cotrect desorption efficiency for the concentrat¡on

sampled can be read off the graph. lt is advisable to determine

desotption efficiencies using the same concentrations as the

glandards. Desorption efficiencies should be run in duplicate at

the levels of interest.
To determine desorption efficiencies, place one actlvated

carbon collection element tn each of eight glass vials and iniect

known amounts of the analyte at three different concentrations

directly into six of the vials. The remaining two collectron qle-

ments in the glass vrals which have not been iniected with
analyte serve as the blank. For low TWA levels it may be neceg'

sary to add the analyte to a suitable solvent to abta¡n measurable

iniection quant¡ties of the substance of interest.
Cap the vials tightly and allow them to sit overnight. Then

desorb and analyze the elements in the same manner previously

described in Section 3.3.
Prepare three standards by injecling the same volume of

compound in 2.0 ml of CSz or other eluting solvents with the

same syringe used in the preparation of the samples. Analyze

these with the samples.
The desorption efficiency equals the difference between

the average peak area of the samples and the peak area of the

13



For detailed calculation procedures, see Section 4'2'

to ass
A of exPosed

sampl k should be

run as an element

which was handled identically with the exposed samples' except

that ir was not intent¡onally exposed to the contaminant The

blank should have the same lot number, have traveled the same

route, been stored, desorbed, and analyzed in the same way as

were the exposed samples. The blank value in concentration

units should be subtracted from each sample analyzed'

-59-

blank divided by the average peak area of the standards' or

desorption efficiencY = Arêa samPle - Area blank

Area standard

3.7 Ourlity Contro!. For a complete discussion of quality

control in thã industrial hygiene laboratory, see AIHA and NIOSH

publications 8'e

4. Calculations
ô.t St¡nd¡ld Curvc. Standards of one-half' one and lwo

times the TWA concentration, analyzed in duplicate' are recom-

mended. To calculate the amount of pure compound to add to

2.0m1 CS2 to correspond to a TWA ccncentration for I hours' use

the lollowing formula:

pS: fWA ,x mw x D x -=t-- (1)

3360

where:

TWA : maximum ppm concentration allowed for 8-hour expo-

sure

14
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mw = molecular weight of organic solvenl
D = diffusion coeffrcient of organic solvent (see Appendtx

A or References 12 or 13)

t = 28,800 seconds for an 8-hour exposure (Note: time
must be expressed in seconds.)

3360 = constant derived from molar volume considerations,

whore

lemperature and pressure corrections, and dosimeter
dimensions. Assumes temperature of 25'oC, pressure

of 760mmHg, both of which can be adiusted to reflacl
actual sampling conditions. Constant of 3360 is derived

as follows:

22.400cm3/mole x T"K x 760mmïg¡,1.31cnl
273"K ÞmmHö 9.54cm2

T = 298eK (25'C)

P = 760mmHg ('l atm)
1 31 cm = diffusron path length

9.54cm2 = cross-sectional diffusion area

For difterent exposure levels (e.9. 0.5 or 2.0 x TWAI qr

timos adlusl the relevant factors.
To cqnvert the p.g calculated rnto pl of Qrganic ¡olvqnt to þe

iniqcted intq the vial, use thè follow¡ng equal¡on:

pt = P9 l2l
p x 1000

pg = value calculated from first equation
p = density of organic solvent in g/cc. ger¡erally at

25"c
(See References 12 or 13)

1000 = Çonversion lactor for p to pg/pl

To delermine the standard curve:

E. Determine the areas of the standards by GC analysts (gee

Section 3.4).

b. Average duplicate determinations of peak area of stand-

ards.

c. Plot average peak area vs. pg in standard.

d. Determine the slope and intercept ol the standard curve -
use a regression analYsis.

15
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e. To convert peak area of each exposed sample to F'g uslng

the following equation:

Fg= Peak Area - lntercept (3)

Slope

equatlon:

DesorPtion EffictencY : Area Sample - Area Blank (4)

Area Standard

ppm 10,000 uct x 3360

4.2 Dororption Efficicncie¡. To determine the number of pg

adsorbed by the collection element under given exposure condi-

tions and the amount of solvent (in pll to be iniected into the

collection element, use equatlons 1 and 2 Section 4 1

Since the maximum loading of the GASBADGE collection

element is 10 mg of organic solvent, the pg calculated by equation

should not exceéd 10,000 pg. lf the value calculated by the above

equat¡on exceeds 10,000 pg, use pS = 10,000 in the equation to

.onuun pg to pl of organiC solvent ro be inlected into the vial'

To d'eiermine the desorption eff iciencies, average the dupli-

cate determination of rhe peak areas for the desorption eff¡-

ciency satnples, blanks, and standards, respectively

ialculate the rJesorption efficiency using the following

I

pm for an E'Hour ExPo'
e acl¡vated carbon collection
ce f or a Particular organic con-

the following formula:

(5

28,800 sec x mw x D

where:

mw = molecular weight of organic solvenl

D = diffusion coefficient of organic solvent

3360 = constant (defined in Section 4.1)

29,800 = t in seconds (8 hours)

Hrgher concenlralions can be monrtored by shortening the

exposure tlme

4.4 Dot¡rmining Diffu¡ion Coefficient¡' Diff usion coeffi-

cients are flìost accurately determined by actual measurement

16
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under controlled laboratory conditions. The diff usion coeff icients

contained in Appendrxes A and B were obtained by actual mea-
surement and were compiled by Nelsonl0, and reproduced by
permission of the publisher.

lf diffusion coefficients are not available, they can be calcu-
lated using Gilliland's approximationrr. lt should be emphasized
that there can be srgnificant variations (* 10o/o or more) between
experimentally determrned diffusion values and calculated diffu-
sion values. Consequently, exposure concentrations determined
using calculated diffusion coefficients should be considered es-
timated exposure concentrations rather than accurate values.
For example, the calculated value for Benzene is 12.5% lower
than the actual measured diffusion coefficient. For additional
information on this method, refer to the above references or
contact National Mine Service Co.

¡[.] G¡lcul¡t¡ng TIUA lppml Exporure V¡luc¡. The con-
centration of organrc contaminant in air sampled for time is:

ppm:correctedpgx 1x3360x.1 (6)

where: mw Dte

corrected pg : pg exposed sample - pg sample blank
mw = molecular weight of organic solvenl

D = diffusion coefficient of organic solvent in air al
25'C in cm 2/sec.

I : ttme exposed (in seconds)
e = desorption efficiency

3360 : constant (defined in Section 4.1)

5. lnformation Required by OSHA
ar a Record of Employee Exposure
Measurements

ln its Standard of February 10, 1978, on Occupational Ex-

posure to Benzene, OSHA sets forth specific requirements for
employer records of employee exposure measurementsl4. The
record must include:

a) The dates, number, duration, and results of each of the
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samples taken, including a description ol the procedure

used 1o determine representalive employee exposures;

b)A description of the sampling and analytical methods

used;
c) Type of respiratory protective devices worn, if any; and

d) Ñåme, social security number, and ¡ob classifrcation of

the employee monitored and all other employees whose

exposure the measurement is intended to represent'

Employers shall maintain this record for at least 40 years or

the duration of the employment plus 20 years whichever is

longer.
Similar record keeping requirements are advisable when

monitoring other gases and vapors.
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Appendix A
Phyrical and Chemical Valuec forVarious Organic Solvent¡

Compound
Bcnzene
Heptane
n-Hexane
Monochlorobenzene
Pentane
Styrene
Tetrachloroethylene
(Perchloroethylene)

Toluene
1,1,'l Trrchloroethane
(Methyl Chloroform)
Trichloroethylene
Xylene

Dosimeter
Sampling

MW Gonstant
78 1 0 0816

100 2 0.0626
86 2 0 0692

1126 0 0686
722 0 0733

104 1 0 0691

1659 00638

Deneity,p2ola
0 87861)

0 68376
0 6603
1 1058
0 6262
0 9060
1 6227

TWA
10

400
100
15

600
100
100

100
350

92.1

133 4

100
100

131 4
106 2

0 0715
0.0665

0 0698
o 0642

0 8669
1 3390

1.4642
c¡ - 0 8802
m-0 8642
p - 0.8611

'tlandbook ol Clremrstry and Pliysrcs, C[ìC Press, 5lsl Ëdrtron {19/11
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Appendix B
Diffurion Cocfficiont¡ ¡t 25'C and 76O mm Hg in Airo

Ò

Compound
Acetone
Acrylonitrile
Allyl alcohol
Allyl Chloride
Amyl acetale
Benzene
Benzyl chloride
Bromoform
Butyl acetate
rso-Butyl acetate
iso-Butyl alcohol
Buryl alcohol
sec-Butyl alcohol
tert-Butyl alcohol
Carbon disullide
Carl¡on tetrachlorrde
Chlorobenzene
Chloroform
Diacetone alcohol
1 ,2-Dibromoethane
Drbutyl phthâläte
1 ,1-Dichloroethalle
1 ,2-Dichloroethane
sym-Dichlorgethyl

ether
Drchloromethane
Dioxane
Ethyl acetate
Ethyl alcohol
Ethyl benzene
Ethyl bromide
Ethylene chlorohydrrrr

Formula
(cH3)2co
CH2CHCN
cH2cHcH2oH
cH2cHcH2ct
cH3coo(cHzl¡CHt
CoHo

CtiHsCH:Cl
CHB13

cH3coo(cHz)rcHs
cH JcoocH2cH(cl-1,')z
(cH3)2cHcH2oH
CH:r(CHz)zCHzOH
cH3cH2cH(oHlcH3
(cH:rl3coH
CSr
cct4
c6H5cl
CHC13
(cH3)2c(oH)cH2cocH3
Clll,BrCH2Br
C6H4ICOO(CH2)jCH rìr
CHC12CH:J

cH2ctch2ct
(clcH2cH?)2o

cH2cl2

- o(cH2)2o(cH2)2 -
cHrjcooc2lls
C2Hr,OH

C¿;HI,CHZCHT

CH 3CH2tsr
CH2Cl CH2OH

Diffu¡ion
cocffici¡nt
(cm2/¡ccl
0.1 049
0 1059
0.1 021

0 0975
0 0610
0 0932
0 0713
0.0 i67
0 0672 -
0.0690
0 0880
0.0861
0 0891
0.0873
0 1045
0.0828
0.o747
0.0888
0.0647
0.0826
0.0421-
0.0919
0 0907
0 0694

0.1 037
0 0922
0 0861 -

0 'l 181

0 0755
0.0989
0 0964
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Ethyl ether
n-Hexane
Mesityloxide '' :

Methyl acetate 1 '

Methyl elhyl ketone
Methyl Formate
Oclane
Pentane '

iso-Propyl acetate
Propyl acetate
iso-Propyl alcohol
Propyl alcohol
iso-Propylbenzene

(cumene)

iso-Propyl ether
Styrene
1, 1,2,2-Telr ach loretha ne
Tetrachlorethylene
Toluene
1,1, 1-Trichlorethane
1 ,1 ,2-Trichlorelhane
Trichlorethylene
m-Xylene
O.Xylene
p-Xylene

(ÇzHslzO

cH3(cH2)4CH3
(cH3l2ccHcocH3
cH3coocH3
cH3coc2Hs :

HCOOCH3
cH3(cH2)6cH3
cH3(cH2)3cH3
cH3coocH(cH3)2
cH3coocH2cH2cHi
1CH3)2CHOH
cH3cH2cH2OH
CoHsCH(CHg)¿

0.0918
0.0732 :
0,0760

[(cH3)2cHl2o
CoHsCHCHz
ccl2Hccl2H
ctzccct? ,

CoHsCH¡
cct3cH3
ccl2HcclH2
ctHccl2
CoH¿(CH3)z

CoH¿(CH¡)z
CsHa(CH¡)z

0.0978
0.0903
,0.1090

0.0616 -
0.0842
o.0770
0.0768
0.1013
0.0993
0.0677

0.0683
0.0701
o.0722
0.0797
0.0849
0,0794
0.0792
0.0875
0.0670 -

, 0.0727
0.0670

oermtssion ol the pubtisher lrom "Conlrolled lasl
'f . C O Netson enn Arbor Scienca Publ¡shøt6. lnc , Ann
gøs 212'218.
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Safety Systems and Products Division
U.S. Routc 22-30 West, Oakdalc, PA 15071 ¡ 412¡Q$4303
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