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Abstract

A simple method for benzene, toluene, and xylenes (BTX) quantitative analyses in human urine was developed, using headspace solid-phase
microextraction (HS-SPME) and gas chromatography coupled to mass spectrometry detection in the single ion monitoring mode. The developed
method is solventless, non-invasive, requires small volume of sample (1 ml), shows high selectivity, sensitivity, repeatability, and linearity
(correlation coefficients >0.998), providing a useful alternative to assess human exposure to BTX compounds due to occupational reasons or
eventual exposure to organic solvents. Detection limit varies from 0.28 to 0.5 ppb (v/v).
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction solvents in body fluids is difficult to accomplish, once they
are metabolized and transformed in their respective metabo-
Organic solvents have been historically used in different lites [15,16]
areas of chemistry. Increasing research on the toxicity of sol- One way to measure the human contamination with
vents and their carcinogenic effects reduced undiscriminatedBTX is to test urine for specific metabolites, monitor-
use during the last yeaf$—3]. The quantitative determina- ing their internal dosagetrans-trans-Muconic, hippuric
tion of organic solvents in human fluids is of importance as and methylhippuric acid, §-phenyl-mercapturic and
some of them are highly volatile and hazardous to human (S)-benzyl-mercapturic acid can be used for this purpose.
health, even when present in low concentratifins3]. Some of the main disadvantages of these procedures are the
Biomonitoring of human contamination is related to the presence of the same biomarkers from extraneous sources
determination of the individual exposure to the hazardous [4,5] and the long time they consume to be accomplished.
material. This allows the determination of the individual These urinary metabolites are influenced by several factors,
health risk and not only the measurement of the target an-such as age, alcohol and smoking habit, and the amount
alytes concentration in the environmé#i5]. Solvents like found in different individuals shows a significant variation,
benzene, toluene and xylenes (BTX) have been a constandepending on environmental factors and personal charac-
concern for society, as they promote damages to the cen-teristics[17,18]. Fast analyses are usually necessary in this
tral nervous system, when inhalg3]. Solvent inhalation field, as results are associated with urgent health aspects. In
is usually occupational and not intentional, requiring severe view of that, in the last years, research on method develop-
preventive control of solvent use in industrial or commercial ment has been focused on volatile non-metabolized products
sites. in biological fluids, such as urine or blood, in order to avoid
Several research works on the monitoring of exposure to time consuming metabolites determinatid®,30-32]
BTX compoundg6-11] and their effects on human health The classical methods make use of the extraction of BTX
have been reportdd 2—14] However, the analysis of these (or their metabolites) from blood or urine samp[&8] us-
ing methods, such as solvent extraction, and headspace tech-
nigues. Disadvantages of solvent extraction are the presence
* Corresponding author. Fax:55-51-3316-7304. of the solvent peak, and the environmental and occupational
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require either the use of solvents or of expensive equipment50°C during analyses. PDMS fiber extraction and desorp-
for elution of the target compounds, even though they pro- tion time were established after several trials using 3.0 ppm
vide a high reproducibility for the analysis of volatile or- (v/v) spike solution[25]. No carryover was found after
ganic compounds (VOC$20,21,22] 2min fiber desorption time. Even though, the fiber was
Solid-phase microextraction (SPME) has proved to be an kept inside the injection port in between analyses to prevent
excellent method for sampling and analysis of volatile and contamination, and carrier gas flow was kept as 1.5 ml/min.
semi-volatile organic compounds, including organic solvents Quantitative analysis was performed using the standard ad-
[23-25] It is a simple, fast and solvent free extraction tech- dition method[22]. Detection limits (DLS) were calculated
nigue. It also allows a high number of chromatographic in- using bidistilled water. The noise recorded (area counts) on
jections with only one fiber, reducing its cog@6-28] It the retention times of each analyte on the chromatogram
has recently been used to compare toluene as a biomarkewas measured 10 times. The detection limit was calculated
in blood and urind30], and for determination of toluene in  as three times the standard deviation of these 10 values
glue-sniffer’s blood and urine samplgxl]. recorded. The quantitation limit corresponds to approxi-
The present work aims to develop a fast, simple, and mately three times the DLS value. It was also measured
non-invasive method for quantitative analysis of benzene, through the analysis of decreasing concentration solutions of
toluene and xylene in urine samples, using headspacethe analytes until achieving the least possible detectable peak
solid-phase microextraction (HS-SPME) followed by gas area.
chromatography coupled to mass spectrometry detection Recovery was determined comparing the average values
(GC-MS). The proposed method is intended to assessobtained from three liquid injections and three SPME and
human exposure to these compounds. analysis using a 10 ppb standard solution.

2. Experimental 3. Results and discussion

All solvents were of analytical grade and distilled prior to The equilibration time between the PDMS coating and
use (Merck, Darmstadt, Germany). Double-distilled water the volatile target compounds is shorter than 2 min for all
was used. After thorough cleansing of glass material, it was compounds under study, confirming data found in the lit-
placed in an oven for 30min at 25C. Volumetric glass  erature for these compounds from other matrif28j. A
material was washed with detergent followed by rinsing with 3 min time was chosen as extraction timi@ble 1shows
water and acetone, and left to dryness at room temperaturethat correlation coefficients were better than 0.998 for all

BTX contaminated urine samples were kindly supplied
by workers from an ink industrial site, and urine blanks by ... 1
a non-exposed volunteer. A non-contaminated urine samplerigures of merit of the proposed method
was employed to make the BTX stock solution (100~1).

Due to the high volatility of the analytes, the stock solu-
tion was prepared in the beginning of each extraction and Benzene  99.30 0.9989 031 110 471
analysis procedure and kept &t@for not more than 2 days. ~ 'oluene  87.38 09992 0.50 160 2.37

. . Xylenes  76.79 0.9995 028 1.00 204
Spiked solutions (from 3.0 ppm to 0.5 ppb, v/v) were pre-
pared by dilution of the stock solution. Analyses were per- gorrelation coz_efficignt in the range of 0.5-3000 ppb (v/v);‘DL: detection
formed in triplicate. Repeatability of the analytical method ™Mt QL: guantification limit (DL and QL are expressed in ppb (VA);

. . . R.S.D.: relative standard deviation based on six replicate analyses of spike
was calculated on the basis of the results obtained from siX g sions.
samples of the 10 ppb (v/v) spiked standard solution.

PDMS fibers (polydimethylsiloxane, 30m) were Table 2
[25,26,29] purchased from Supelco (Oakville, Canada). grx concentration of (BTX) in the urine samples
Extractions were performed at 26, using 20ml clear

Analytes Recovery (%) r DL QL R.S.D. (%)

. . . . Sample Concentration in ppb (v/v)

glass vials containing 10 ml of urine. Analysis were per-

formed with a Shimadzu QP5050 A GC-MS system, using Benzene Toluene Xylengs
a 30mx 0.25mm, 0.25.m DB-5 capillary column. Injec- 1 3.24 13.45 18.75
tions were performed in the splitless mode (the split valve 2 1.37 4.00 3.07
opened after 405s), carrier gas flow (helium) was 1.5 ml/min, 3 4.36 2.10 118
and the mass spectrometer was used in the electron impacf 3.73 2.34 2.10
mode (70 eV). Monitored ions were/z, 78 (benzene) and . g:gi ?:i’; 12'(7)3
91 (toluene and xylenes). For xylenes only theta-isomer 7 162.48 174.31 168.42
was quantified, as it was the most intense signal amongs 18.80 30.18 29.21

the three. Inj_eCtor and interface te_zmperatures were kept a8 Measured by theneta-isomer, which is the most intense peak of the
at 250°C, while the chromatographic column was kept at inree isomers.
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Fig. 1. Comparison with a monitored ion chromatogram (iong 78 and 91) of a 10ppb (v/v) urine spiked solution of BTX (A) and one of the
contaminated urine samples (B, sample 7).

three target compounds in the concentration range of work. of Rio Grande do Sul, and the Toxicology Laboratory of
The highest value for relative standard deviation of six Catholic University of Rio Grande do Sul, for providing the

replicate analysis of a spiked solution (10 ppb, v/v) was samples.

found to be less than 5%, demonstrating a good repeatabil-

ity. The percentage recovery of BTX compounds; done by
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