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Abstract

A simple purge-and-trap gas chromatographic method with flame ionization detection was developed for the determination
of styrene in urine and blood. Styrene present in a 5 ml sample at room temperature was swept by helium at 40 ml /min for
11 min, trapped on a Tenax trap, desorbed by heating, cryofocused, and injected by flash heating into a DB-5 capillary GC
column. The oven temperature program was from 808C, held for 8 min, to 1208C at 58C/min, and then held for 2 min. The
detector temperature was 2508C. The calibration curves were linear in the range of 2.5–15 ppb styrene in urine and 25–150
ppb in blood. The detection limits calculated were 0.4 mg/ l in urine and 0.6 mg/ l in blood. The coefficients of variations
within the day and day-to-day were 3 and 3.1%, respectively, for 2.5 ppb of styrene in urine, and 1 and 1.6% for 25 ppb of
styrene in blood. The results obtained from samples taken from workers exposed to styrene were reported.  2000 Elsevier
Science B.V. All rights reserved.
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1. Introduction risks of workers exposed to styrene, the most fre-
quently used biological monitoring method in the

Styrene is a toxic volatile compound used in large past has been the determination of its two main
quantities in the production of fibreglass reinforced metabolites in urine: phenylglyoxilic acid (PGA) and
polyesters. In the occupational environment, styrene mandelic acid (MA) [3,4]. However, several studies
is mainly absorbed by inhalation of its vapours, and show differences in MA and PGA excretion, pos-
it passes quickly into the blood. Distribution, bio- sibly due to the non-specificity of these two metabo-
transformation, and excretion of styrene has been lites, which can also be metabolically derived from
reported in several toxicokinetic studies [1,2]. other chemicals, or due to the interference from

For assessment and prevention of the occupational solvents [5–7]. So, other more specific indicators for
styrene in blood and urine are preferred by some
investigators. Styrene in urine, like urinary metabo-
lites, is considered a weighted index of exposure,*Corresponding author. Fax: 134-6-5919-333.
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values, since it reflects the alveolar air concentration aliquots of the working solution to human urine or
[8]. blood samples free from styrene.

Many studies on the determination of volatile
compounds in different biological media have been 2.2. Instrumental
carried out by static headspace analysis, coupled to
gas chromatography (GC) [5]. However, these tech- The purge-and-trap system was an O.I. Analytical
niques are not sensitive enough for the determination Model 4560 (College Station, TX, USA) including
of styrene in urine, where only a very small fraction an AutoInjector controlled by a Cryo-Focusing Mod-
of styrene is expected to be found [9]. ule (CFM) (O.I. Analytical). We selected a trap

Dynamic sampling methods, such as purge-and- mainly composed of Tenax (O.I. Analytical 10),
trap, coupled to GC are particularly suitable for the because of its maximum temperature of use and its
determination of volatile compounds at a low con- low capacity for adsorption of water vapour [11].
centration. The described procedures often use hard- The gas chromatograph was a Hewlett-Packard
ly reproducible devices made in research laboratories 5890 (HP) (Palo Alto, CA, USA), equipped with a
and/or require less common spectrometric tech- flame-ionisation detector (FID) for quantification and
niques for detection, such as mass spectrometry or a mass selective detector (HP 5988A), which we
Fourier transform infrared spectroscopy [10–14]. used in this study only for identification purposes.
This work reports a simple method for the de-
termination of styrene in urine and blood using a 2.3. Procedure
commercial purge-and-trap apparatus coupled to a
gas chromatograph with a common flame-ionisation A sample of 5 ml of urine or blood (with EDTA as
detector. This approach has been proved to be useful an anticoagulant) with a drop (50 ml) of a solution of
for the biological monitoring of industrial exposure Antifoaming Respumit (Bayer Hispania, Barcelona,
to styrene. Spain) in water (1:4) was introduced into a 25-ml

sparger cell. We used two cells and two corre-
sponding modes for purging gas introduction:
through a frit or by a needle. In the urine samples the

2. Experimental frit mode is advantageous, but with blood, the needle
mode is more convenient because of the sample

2.1. Urine and blood samples density and viscosity. In this case, the cell has to be
unscrewed after each run to remove the sample,

Urine and blood samples were taken from 12 men while in the frit mode it is removed automatically
working in a factory building boats of resin re- through the needle.
inforced with glass fibre, and exposed to concen- The flow-rate of helium during the purge was 40

3trations of styrene ranging from 1 to 179 mg/m ml/min and the system pressure was held between 6
3(arithmetic mean572 mg/m ) [7]. Samples were and 11 p.s.i.. Samples were purged at 208C for 11

collected at the end of the 4-h working shifts in glass min, and meanwhile the volatile organic compounds
tubes stopped with Teflon screw caps and frozen at were retained in the Tenax trap at 208C. Thereafter,
2258C until analysis. volatiles were desorbed at 1808C for 4 min, swept by

A 500-ppm standard stock solution was prepared the carrier gas flowing in the trap in an opposite
directly by dilution of styrene (purity 991%, Sigma- direction to the adsorption and transferred through a
Aldrich, Steinheim, Germany) in methanol (for heated transfer line at 1808C to the CFM, where they
analysis and chromatography, Scharlau, Barcelona, were condensed onto a short capillary silica tube in
Spain). A 1:100 dilution of this solution in a mixture liquid nitrogen at 21008C. Finally, the samples were
of methanol–H O (50:50; v /v) was used as the injected into the capillary GC system by an auto-2

working solution. Four standard samples covering matic flash heating of the capillary tubing at 2108C.
the calibration ranges (2.5–15 ppb for the urine and The trap was cleaned after each run by heating it at
25–150 ppb for the blood) were prepared by adding 2008C for 20 min. The interference from water
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vapour produced by the samples in concentration, The mass spectra were obtained at an ionisation
separation and detection processes was minimised. voltage of 70 eV and an ion source temperature of

A DB-5 capillary column (50 m30.32 mm I.D., 2008C and were recorded in the total ion scan mode
0.52 mm film thickness) (J&W Scientific, Folsom, from 20 to 250 amu.
CA, USA) was used for GC analysis. The carrier gas
and the make-up gas was helium (99.999%) at flow-
rates of 1.5 and 38 ml /min, respectively. The oven 3. Results and discussion
temperature was held at 808C for 8 min, then
increased by 58C/min to 1208C, where it was held Figs. 1 and 2 show, respectively, the chromato-
for 2 min; the injection temperature was 2108C grams of urine and blood samples taken from the
(temperature of CFM at inject step), and the detector same worker exposed to styrene. In spite of the
temperature was 2508C. complexity of the signals, the peak of styrene was

Fig. 1. Chromatogram of urine sample from an exposed worker (worker 2 in Table 2).
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Fig. 2. Chromatogram of blood sample from an exposed worker (worker 2 in Table 2).

clearly identified on the basis of its GC retention tested by comparing a fresh 5-ppb styrene standard
time (4.87 min) and its mass spectrum compared in urine with those prepared 10, 20 and 40 days
with that of standard samples. Two peaks from the before and stored at 248C in dark recipients, in order
antifoaming agent, at near 8.5 and 15.0 min, were to prevent polymerisation of the styrene. As a result,
identified as hexamethylcyclotrisiloxane and octa- the working solution is stable at least for 10 days in
methylcyclotetrasiloxane, respectively, by compari- these conditions.
son with the NBS library spectra stored in the HP Table 1 shows the areas of styrene, obtained by
chemstation. These compounds were not removed analysing three aliquots of each standard sample
from the trap in the baking cleaning step, causing covering the calibration ranges in urine and blood
artifacts which, however, do not interfere with the and where the within the day precision of measure-
identification of styrene. ments, can be calculated. The calibration curves are

The stability of the standard working solution was linear in the range tested and can be described by the
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Table 1
Areas of the peaks obtained to construct the calibration curves for styrene in blood and urine

Concentration of Area of styrene Concentration of Area of styrene
styrene in urine (ppb) in urine styrene in blood (ppb) in blood

2.5 19 841 25 274 618
20 874 296 855
19 692 292 851

5 39 258 50 629 441
39 982 629 961
37 415 560 024

10 87 192 100 1 359 729
74 359 1 241 604
80 197 1 445 720

15 128 065 150 2 281 240
142 441 2 293 243
134 011 2 243 479

equations: y 5 9148x 2 5717; r 5 0.993 for the urine from six analysis were quite similar: 3.1 and 1.6%,
and y 5 15 879x 2 161 070; r 5 0.996 for the blood respectively. The detection limits and the variation
(x5concentration of styrene (ppb), y5area). coefficients obtained are significantly lower than

The limits of detection were calculated following those reported using static headspace methods with
the IUPAC recommendation [15] as the value corre- FID detection [5] and similar to those obtained with
sponding to three times the standard deviation of the mass spectrometric detection [8] or using discontinu-
blank obtained from seven measurements. The val- ous purge-and-trap methods with an additional con-
ues obtained were 0.4 mg/ l of styrene in urine and centration step [11].
0.6 mg/ l in blood. Table 2 shows the concentrations of styrene in

The precision tests were carried out on standard urine and blood of workers, as well as in environ-
samples of 2.5 ppb of styrene in urine and 25 ppb in mental air to which they were exposed. Chromato-
blood. The coefficients of variation within the day grams shown in Figs. 1 and 2 refer to worker 2 in
were 3% for urine and 1% for blood. The respective Table 2. Styrene contents in unknown samples were
values for day-to-day, at the same concentrations, calculated by interpolating in the respective cali-

Table 2
Levels of environmental exposure and concentrations of styrene in urine and blood obtained from occupationally exposed workers

Worker Styrene concentration Styrene concentration Styrene concentration in
3in urine (mg/ l) in blood (mg/ l) environmental air (mg/m )

1 9.8 88.0 141.4
2 7.9 82.3 86.2
3 3.1 27.5 62.6
4 15.3 166.8 130.0
5 7.5 73.6 119.6
6 5.4 101.1 69.0
7 5.7 96.4 71.8
8 3.0 53.0 93.8
9 4.9 57.4 36.2

10 2.5 35.8 65.9
11 4.5 79.8 67.5
12 9.6 186.7 189.3



306 M.J. Prieto et al. / J. Chromatogr. B 741 (2000) 301 –306

[4] V.J. Elia, L.A. Anderson, T.J. MacDonald, A. Carson, C.R.bration curves. The concentrations obtained in urine
Buncher, S. Brooks, Am. Ind. Hyg. Assoc. J. 41 (1980) 922.and blood samples must be considered valid because

[5] C.N. Ong, C.Y. Shi, S.E. Chia, S.C. Chua, H.Y. Ong, B.L.
they are within the range of applicability of the Lee, T.P. Ng, K. Teramoto, Am. J. Ind. Med. 25 (1994) 719.
proposed method, and the method is based in con- [6] C.Y. Shi, S.C. Chua, B.L. Lee, H.Y. Ong, J. Jeyaratman, C.N.
sistently linear calibration curves constructed with Ong, Int. Arch. Occup. Environ. Health 65 (1994) 319.

´[7] D. Marhuenda, M.J. Prieto, J.F. Periago, J. Martı, L.the same matrix. The results properly reflect the
Perbellini, A. Cardona, Int. Arch. Occup. Environ. Health 69differences found in the levels of environmental
(1997) 455.

styrene in a range of concentrations encompassing [8] F. Gobba, C. Galassi, S. Ghittori, M. Imbriani, F. Pugliese,3the TLV-TWA of the ACGIH (85 mg/m ) [16]. A. Cavalleri, Scand. J. Work. Environ. Health 19 (1993) 175.
The whole determination of styrene in either a [9] P. Dolara, G. Cardeni, M. Lodovici, G. Santoni, M. Salva-

dori, Ann. Occup. Hyg. 28 (1984) 195.urine or blood sample is finished in about 35 min,
[10] L. Perbellini, G. Romeo, G. Maranelli, G. Zardini, C.including the extraction and concentration process

Alexopoulos, F. Brugnone, Med. Lav. 81 (5) (1990) 382.
and the chromatographic determination (the trap [11] J.F. Periago, C. Prado, A. Luna, J. Chromatogr. A 719
cleaning takes place during the GC separation). (1996) 53.
Therefore, routine control of exposure to styrene can [12] K. Watanabe, H. Seno, A. Ishii, O. Suzuki, T. Kumazawa,

Anal. Chem. 69 (24) (1997) 5178.be carried out in a reasonably short time using this
[13] M.A. Bonin, D.L. Ashley, F.L. Cardinali, J.M. McCraw, J.V.approach.

Nooten, J. Anal. Toxicol. 19 (3) (1995) 187.
¨[14] I. Ojanpera, K. Pihlainen, E. Vuori, J. Anal. Toxicol. 22 (4)

(1998) 290.
References [15] Nomenclature, symbols, units and their usage in spectroch-

emical analysis II, Spectrochim. Acta 338 (1978) 242.
[16] Threshold limit values and biological exposure indices for[1] J.C. Ramsey, M.E. Andersen, Toxicol. Appl. Pharmacol. 73

1998–1999, in: American Conference of Governmental(1984) 159.
Industrial Hygienists, ACGIH, Cincinnati, 1998.[2] E. Wigaeus, A. Lof, R. Bjurstrom, M. Byfalt Nordquist,

Scand. J. Work. Environ. Health 9 (1983) 479.
[3] G.B. Bartolucci, E. De Rosa, G.P. Gori, P. Chiesura Corona,

L. Perbellini, F. Brugnone, Appl. Ind. Hyg. 1 (1986) 125.


