Scand. j. work environ. & health 1 (1975) 193—198

Charcoal sampling method for determining
the concentration of styrene in air

by PENTTI KALLIOKOSKI, M.Sc. (Eng.), and PIRKKO PFAFFLI, M.Sc.!

KALLIOKOSKI, P. and PFAFFLI, P. Charcoal sampling method for determining
the concentration of styrene in air. Scand. j. work environ. & health 1 (1975)
193—198. The vapors of styrene (vinylbenzene) were trapped on charcoal in a glass
tube. Air from the worker’s breathing zone was sucked through the tube by a
battery-operated, modified, MSA personal sampling pump. The sampler and pumping
system were worn by the worker. The styrene was eluted with dimethyl formamide
and estimated by gas chromatography. The range and sensitivity of the method when
sampling with a flow rate of 0.2 1/min during 1 h were 5 to 1,500 ppm, and during
4 h they were 2 to 400 ppm. The recovery (accuracy) was over 90 °%. The preci-
sion for the method, in terms of relative standard deviation, was 8.4 %.
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The rapid expansion of the reinforced
plastic industry has caused potential risk
of exposure to high concentrations of
styrene vapor in factory air because many
of the factories are small and lack ade-
quate ventilation systems.

For measuring the styrene concentra-
tion of air, the following methods are
available: absorption in a solvent like
ethanol (1, 7, 10, 16); adsorption onto
a solid material like silicagel or charcoal,
followed by heating or solvent elution (2,
3, 4, 5, 6, 12, 13, 15); cold trapping (9);
and grab sampling into empty tubes (15).
Methods of analysis are based either upon
ultraviolet absorption or the gas chroma-
tography of styrene (1, 3, 4, 5, 7, 8, 10, 11,
16); some also use colorimetry (3, 4, 8).
The purpose of the investigation was to
test further the charcoal sampling proce-
dure in order to obtain a useful method for
styrene field studies.

1 Department of Industrial Hygiene and
Toxicology, Institute of Occupational Health,
Helsinki, Finland.

Reprint requests to; Mr. Pentti Kalliokoski,
Institute of Occupational Health, Haartmanin-
katu 1, FIN-00290 Helsinki 29, Finland.

MATERIALS AND METHODS

Principle of the method

A known volume of air is drawn through
a charcoal tube to trap the styrene pres-
ent. The charcoal in the tube is trans-
ferred to a small test tube, containing
dimethyl formamide, where the styrene
is desorbed. The analysis is performed by
gas chromatography.

Apparatus and reagents

Sampling device. A hattery-operated
personal sampling pump (a portable MSA
pump, manufactured by the Mine Safety
Appliances Co., Pittsburgh, Pa., U.S.A)) is
connected via polyvinyl chloride tubing
to the sampling tube. A lateral flow of
air into the pump (80 % of total flow,
fig. 1) permits the pump to be operated at
a normal number of revolutions, and a
stable flow rate of about 0.2 1/min is thus
attained.

Preparation of the charcoal sampling
tube. Activated coconut charcoal [Chem-
viron Pittsburgh (UK) activated carbon
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PCB] of 20/40 mesh is used. This grade
gives an optimum between the flow re-
sistance and absorption efficiency. The
charcoal is reactivated by washing it with
diluted hydrochloric acid and distilled
water, drying it at 160°C for 4 h, and by
heating it at 450°C under the flow of
nitrogen for 1 h. A tube with a 7-mm
outer diameter is easily connected to the
pump via a plastic hose. The tube is
packed with 200 mg (must be weighed) of
reactivated charcoal and retained with
small plugs of glass wool. The char-
coal layer must be tight enough to avoid
a change in the pressure drop across the
tube and therefore also a change in the
flow rate during the sampling. The tubes
must be sealed with plastic stoppers.

Gas chromatography. The gas chroma-
tograph is equipped with a flame ioniza-
tion detector and a 0.5 m X 4 mm glass
column packed with Carbowax 20M, 10 %/o,
on Cromosorb W (acid washed, silanized,
80/110). The column is operated at 120°C.
The temperature of the injector is main-
tained at 200°C. Amplifier sensitivity is
set at one-sixteenth of the maximum.

Other equipment. Ten-milliliter test
tubes (Kimax), which can be sealed with
caps containing polyester-lined silicone
rubber septa, are used; also microliter
syringes, pipettes, and volumetric flasks.

Reagents. Styrene and dimethyl forma-
mide, both of chromatographic quality,
are used along with 1 N hydrochloric
acid. The gases are nitrogen, hydrogen,
and compressed air.

Fig. 1.

Sampling

A personal sampling pump is mounted on
the back of the worker on a belt around
the waist; it is connected to the sampling
tube by tubing. The sampling tube is
fastened with a piece of fabric tape and
a safety pin to the worker’s shoulder so
that samples can be taken from the
breathing zone.

The flow of the sampling device is
calibrated with a wet test meter (Lange
Gelsenkirchen). During the sampling pro-
cedure the charcoal tube can be changed
when necessary. The sampling time for
every single tube should be determined
accurately with a seconds counter.

Elution and analysis

For the analysis the contents of the
sampling tubes are emptied into the Ki-
max tubes by pushing with a metal wire.
Tubes containing 5 ml of solvent (dimeth-
yl formamide) are capped and left
standing overnight. The next day a
1-microliter portion of the eluted solution
is examined by gas chromatography.

Estimation of the quantity of styrene is
performed by comparing the solution with
a standard solution containing known
amounts of styrene in 5 ml of solvent
(dimethyl formamide) and 200 mg of
reactivated charcoal from the batch used
in the test tubes. Standards must also be
kept standing overnight.

Q

L

The MSA personal sampling pump was modified at point a, at which a T-piece of

plastic capped with a rubber stopper was added on the line. An injection needle with an inner
diameter suitable to let 80 %o of the air flow pass through the stopper and permit only 20 %o to
pass through the whole line was inserted in the stopper. The charcoal tube was connected at

point b.
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Experimental arrangements

The initial air sample for the test is pre-
pared in either polyester/aluminium-lami-
nated bags or the exposure chamber, and
the concentration is checked first directly
in a gas form with a gas sampling loop in
the gas chromatograph. In all of the tests
a measured volume of air is sampled
along the charcoal tubes, which are then
desorbed and analyzed as the method
describes.

RESULTS

Charcoal tubes

The adsorption efficiency of reactivated
charcoal was tested for the possibility of
overloading in sampling situations. One
sampling tube proved capable of adsorb-
ing up to 70 mg of styrene at a sampling
rate of 0.2—0.3 1/min. During the loading
it was possible to use the same tube for
over 4 h without any significant loss
(table 1).

Storing the capped samples seemed to
cause no error. Sampling tubes (n = 40),
prepared as described earlier, with the
same initial 4.7 mg concentration were
stored in an identical way from 1 fo 7
days, one-half at room temperature and

the other half at a temperature of 4°C.
During the period two tubes of those
stored at room temperature and two of
those stored at a temperature of 4°C
were analyzed daily. The same initial
concentration [mean (M) * standard de-
viation (SD) = 4.720.1 mg] was found in
all analyses.

Sampling pumps

The flow rates and their precision with
the modified MSA pumps with charcoal
tubes on the line (at position 1 of the ro-
tameter) had a mean of 226+27 (SD) ml/
min; thus the relative SD was t£12.8 %
when 100 calibrations were made with
10 separate sampling sets. (When the
three worst pumps were rejected, the rel-
ative SD was * 8.1%.) Using only the
calibrations of the sampling set in ques-
tion further diminished the error of flow
rate and thus that of the volume collect-
ed (table 2).

The irregular movements of a pump
on a worker’s back (while a worker
was moving and bending, even rapidly)
did not seem to affect the flow rate re-
markably. When the position of pump
number 1 (connected to a charcoal tube)
in table 2 was (a) upright, (b) at a 45° ang-
le, (c) on its side, (d) upside down, or (e)

Table 1. The effect of a long sampling period was tested by spooling the samples 1—3 h with
fresh air.@

2h 3h 4 h Level in the first
Number Sample;l L kl dh . Leak after Leak after Leak after initial tube after
of o?g;;l;:ne efampllil;?g spooling spooling spooling a 3-h air flow
tests mg 9/o+rel. SD for 1 h for 2 h for 3 h along the tube

= Optrel. SD %otrel.SD 9o*trel. SD %o+ rel. SD

30 1— 30 —_
6 14— 27 — 28122 1.8+1.4 1.2+0.8 942143
9 30— 50 —
4 60— 66 — 2.6%3.1 1.0£0.6 1.6+0.9 94.8%1.7
10 70— 80 26t 2.2
5 80— 90 11.8% 8.0
6 90—100 24.8110.7

a Two consecutive tubes: The first one contained the sample; the other one was changed every
hour. The first tube was sampled for 1 h with the flow rate at 0.2—0.6 l/min from the

exposure chamber, in which the concentration was 4.66 mg styrene/l (1,120 ppm).

tube was analyzed separately.

Every
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Table 2. Calibrations of ten sampling sets.

Pump Number ol;/[ef?;lwi rsalaa Relative
number of tests ml/min SD

1 10 209+ 15 7.2

2 10 270+ 8 3.1

3 10 198+23 1174

4 10 206t 15 7.0

5 10 228110 4.6

6 10 221+37 16.8 2

7 10 256+ 16 6.1

8 10 233+14 6.2

9 10 182127 15.1a
10 10 221+ 8 3.4

a A pump with a relative SD of over 10 would
not be used.

Table 3. The effect of acetone, present in the
ambient air, on styrene sampling in two conse-
cutive tubes (30 samples measured).

Measured Measured
concentration concentration
Substance in air in air
(ppm £ SD)  (ppm * SD)
Tube 1 Tube 2
Styrene 175+118 —
Acetone 51+ 22 11+7

swinging, the mean flow rate was 197 *
14 (SD) ml/min (relative SD * 7.1 %) for
10 calibrations in each position.

Desorption

Dimethyl formamide desorbed 72.314.1
(rel. SD) % when it was compared to
“pure” standards after the overnight
stand. However, when the samples were
compared to dimethyl formamide stan-
dards (5 ml), which contained precisely the
same (200 mg) amount of charcoal from
the same batch as the tests and which
stood for the same length of time for the
balance to appear between the charcoal
and solution, the desorption efficiency
was found to be 100.21+0.9 (rel. SD) %.
The presence of glass wool plugs did not
cause any error.
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Gas chromatographic analysis

The gas chromatographic analysis of the
solutions at the concentration levels used
(from 0.5 to 5 mg styrene in 5 ml of
solvent) for dimethyl formamide gave a
relative SD of 2.1 % with injections of
1 ul (n = 10). Higher concentrations must
be diluted to this level. The minimum
amount of styrene detectable in the gas
chromatography was 10 ng for 1 ul injec-
tion. The analyzing time of 20 min was
shortened to 5 min with the backflush
technique in order to remove the effect of
the dimethyl formamide.

STOP
ACETONE-—~
DIMETHYL
FORMAMIDE
STYRENE>
INJECTION
\

Fig. 2. A gas chromatogram of styrene anal-
ysis.
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Fig. 3. Standard curve of styrene analysis.

Interferences

The appearance of other solvents simul-
taneously in the ambient air may inter-
fere with the sampling and analyzing of
styrene. Depending on their concentration
and polarity as compared to those of
styrene, the solvents take a part of the
capacity of charcoal. They also give dis-
turbing peaks in the gas chromatography.

Acetone, which is used for cleaning
purposes when polyester plastics are
made, seems not to be able to displace
styrene from the charcoal because it ob-
viously has a more polar character (14)
than that of styrene and charcoal (table 3).

In gas chromatographic analyses the
interferences can be eliminated by oper-
ating with different columns or column
temperatures. The retention time of ace-
tone differs, however, so much from that
of styrene that there is no trouble in
separating the two in gas chromatography
(fig. 2).

DISCUSSION

Based on the results of the study, it may
be concluded that the method is specific
for styrene (fig. 2 and 3), its concentra-
tion range is large, and the recovery is
better than 90 % (for the whole method
the relative SD is +8.4 %). As a desorp-
tion solvent dimethyl formamide is safer
than the often-used carbon disulfide be-
cause it has a lower volatility. The great-
est source of error is the flow rate mea-
surement, which causes errors in sample
volume determination. In spite of this
fact the charcoal method provides a
simple, inexpensive technique for the
personal sampling of styrene.
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