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Abstract

The urinary excretion of unmetabolized styrene can be a very good indicator for biomonitoring styrene in occupationally exposed people. The
use of a new urine sampling system, involving a solid-phase extraction cartridge, offers several advantages for determining styrene. Tlse advantag
are especially related to the pre-analytical phase of styrene determination, which may be influenced by many variables. The effect on styrer
recovery of sorbent type, eluting solvent, elution volume, elution flow-rate, and the addition of methanol to the washing solvent, was evaluatec
by experimental design methodology. As a result, Oasis HLB cartridges were selected for urine sampling, as well as 1.5 mL of ethyl acetate 3
0.5 mL/min for eluting the retained styrene. These conditions were then applied to the validation of the solid-phase extraction combined with
GC-MS method for the sampling and analysis of unmetabolized styrene in urine. The overall uncertainty was in the 12—-22% range and the limi
of detection was 2.2g/L for a 4 mL urine sample. The stability of styrene has been studied both in cartridges and in vials under different storage
periods. After 1 month period the styrene stored on cartridges at room temperature remained stable, whereas this is not the case for styrene recov
from vials. The results obtained indicate that on-site solid-phase extraction of urine can provide a simple, accurate and reproducible sampling ar
analytical method for the biomonitoring of styrene in urine.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction and subsequent analysis by thermal desorption—gas chromatog-
raphy, has also been appligtD]. More recently, reliable and
Styrene in urine has been proposed as a specific and quaaecurate methods using solid-phase microextraction have been
titative biomarker of occupational exposure. Good correlationsleveloped to determine volatile organic concentrations in urine
have been found between environmental styrene concentratioftsl-13] However, all the above mentioned methods entail the
and styrene concentrations in the urine of workers in fibreglasdiandling, transporting and storage of liquid urine samples with
reinforced plastic industrigd—4]. the requirement that the urine sample must be analysed as soon
The firsttechnique used for the determination of volatile com-as possible in order to avoid the loss of volatile compounds. It
pounds from urine was solvent extractifm6]; this technique is necessary to take into account that the pre-analytical phase,
posed several problems, the mostimportant of which was evapiacluding sample collection, storage and transport, plays an
ration of the solventaccompanied by the loss of low boiling poinimportant role for the quality of the final results4].
compounds. Alternatively, manuf,7,8] and automate{?,9] In field studies, urine is generally sampled in glass or plastic
headspace determinations have been described. A purge and tamtainers, refrigerated, and delivered to the laboratory, where
method, based on the concentration of styrene in a solid sorbetite sample is transferred to vials for analysis. Transport from
the sampling site with storage at low temperature is difficult for
%ted atthe 4th Scientific Meeting of the Spanish Society of Chromato liquid samples in bottles. Additionally, several processes may
raphy and Related Techniques, Madrid, g—? Octorl;er 2004. ’ gaﬁe_Ct the stability of samples QL_mn_g storage an.d' especially,
* Corresponding author. Fax: +34 968 365501. during transport, such as precipitation of the urinary compo-
E-mail address: celiaa.prado@carm.es (C. Prado). nents, the instability of the organic chemicals of interest and, in
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the case of volatile organic compounds, loss of the analytes of Two solid-phase extraction (SPE) cartridges were used: Sep-

interest{15]. Pal® Plus C18 cartridges (500 mg sorbent), and CasisB
Solid-phase extraction (SPE) for liquid samples has becomPlus cartridges (225 mg), both of them purchased from Waters

a widely used laboratory technique, although its use has mainl§Milford, MA, USA).

focused on assessing water contaminafib®-19] and, to a

lesser extent, on the determination of drugs in toxicological stud.2. Preparation of styrene standards

ies[20-22] The use of SPE cartridges has shown potential for

the on-site sampling of water from remote areas, prior to further A stock standard solution of styrene was prepared in

analysis in the laboratorf23]. methanol. The work standard solutions of styrene used for cal-
Recently, a new sampling system that combines the sambration were prepared daily by diluting different amounts of

pling, transportation and preservation of biological fluids hashe stock standard solution in dichloromethane or ethyl acetate.

been developed at the Institut National de Recherche et dghese were injected in triplicate in the same run as the samples.

Securie (Vandoeuvre, France) with the objective to overcome  Work solutions of styrene used for solid phase extraction

the disadvantages related to handling liquids in urine samwere also prepared from the stock standard solution of styrene

pling. The system, which consists on a special syringe joinegy diluting with urine from a non-exposed subject.

to an SPE cartridge by means of an adaptor, is being currently An independent styrene solution was prepared from a com-

tested for different metabolites from organic compounds thanercially standard solution of styrene in methanol in order to

are commonly present in occupational environmgts-26]  perform accuracy and repeatability measurements.

As a part of this study, the aim of this work was firstly to

develop a sampling and analysis method for the determination 3 Coiection of urine samples and solid-phase extraction

of styrene in urine, using the aforementioned sampling sysp,ocedure

tem, which was used to collect and concentrate the styrene.

The study estimated the influence of different variables that The SPE cartridges were conditioned before use by passing
could affect the SPE extraction efficiency—including type of 3 mL of the elution solvent through them, followed by 3 mL of
sorbent, elution solvent, elution volume, elution flow-rate andmethanol and 3 mL of Milli-Q water. After that, the cartridge was
the use of a methanol fraction in the washing solvent—and eVa]oined through the adapter to the 4.5-mL syringe and a cone tip
uated the simultaneous effect of the more significant variablegas also attached to the other extreffig. 1shows a scheme of

on styrene extraction using experimental design methodologyhe sampling device used. The cone tip was plunged into the urine
The experimental conditions selected were then applied to studyhd an aliquot withdrawn through the SPE cartridge by pulling
the analytical performance of the method for the determinaghe syringe piston to the locking point. When sampling was fin-

tion of styrene in urine to monitor occupational exposure tojshed, the cartridge was disconnected from the sampling device.
styrene. Additionally, the stability of styrene at three different

storage periods in SPE cartridges was tested and the obtained —
results compared with those of styrene stability in a urine
matrix.

To our knowledge, this is the first study that considers the
use of an on-site sampling system, involving a SPE cartridge,
for biological monitoring of styrene in urine.

Fixed volume

| | syringe
2. Experimental U
2.1. Chemicals and urine sampling device
Styrene and anhydrous sodium sulfate was supplied by Fluka
(Buchs, Switzerland); methanol and dichloromethane were pur- h
Adaptor

chased from Merck (Darmstadt, Germany); ethyl acetate from
Riedel-de Han (Seelze, Germany). The high purity water was
from a Milli-Q water system (Millipore, Bedford, MA, USA).
Certified styrene standard in methanol (199g3mL) was from
Supelco (Bellefonte, PA), and was stored-dt3°C.

The device used for urine sampling, transport and storage
relies on a special syringe (S-Monové&tte4.5mL, Sarstedt,
Germany) with an adaptor (Multi-adapter, Sarstedt, Germany)
providing a Luer connection between the syringe and the SPE
cartridge. A pipette cone tip is placed on the other side of the
cartridge. Fig. 1. Scheme of the sampling device used.

J\

SPE cartridge
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Pipette cone tip

>y



20 C. Prado et al. / J. Chromatogr. B 830 (2006) 18-24

Finally, the cartridge was rinsed with 2 mL of Milli-Q water every set of cartridges. In this way, a total of 144 samples were
containing, or not, 5% (v/v) methanol. The styrene retained omnalysed.
the cartridge was desorbed with volumes between 1 and 4 mL of The stability was evaluated as the rakiof the mean values
the eluting solvents at 0.5 or 4 mL/min flow-rates, dispensed byrom eight measurements at each of the three storage times to
an HPLC pump. Anhydrous sodium sulfate was used to removthe amount of spiked styrene.
any residual water. A 1L aliquot of the organic extract was
injected into the GC column. 3. Results and discussion
The influence of the SPE variables on styrene extraction
was studied with solutions of 11@”_ of styrene inurine. An  3.]. Recovery experiments
experimental design was applied to determine the significant
variables affecting styrene recovery. The experimental matrix The effectiveness of the SPE method depends on several
designs were developed and evaluated using the Statgraphigarameters, such as the cartridge stationary adsorbent, pH, sam-

Plus 5.1 software package (Manugistics, 2000) ple pretreatment, the solvents used for washing and eluting,
elution volume, and the flow rate during the different st3.
2.4. Gas chromatography and mass spectrometry analysis In our case, since the sampling device was designed to be

used on-site for the direct sampling of urine, no pre-treatment

Analyses were made on a Hewlett-Packard 6890 gas chrgpH or ionic strength modification, or addition of an organic
matograph (Palo Alto, CA, USA) equipped with a Hewlett- component) of the sample is possible. So, the tested variables
Packard 7683 autosampler and a split-splitless injector operatingat may affect the extraction efficiency are: type of sorbent, elut-
in splitless mode. The operating temperature of the injector wagsig solvent, elution volume, elution flow-rate and the addition
250°C. The column used was an HP1-MS (crosslinked methybf methanol to the washing solvent.
silicone) capillary column (50 m length, 0.2 mm i.d.) witlxfn The first step in developing a method using SPE is to select
phase thickness (Hewlett-Packard, Palo Alto, CA, USA). Thehe most suitable sorbent. C18 packing is the most popular and
column temperature was held at I’Z0) and helium was used as widely used reversed phase to retain organic compounds from
the carrier gas at a constant flow of 1.2 mL/min. The injectionaqueous and biological samples. O8gi#L B is a co-polymer
volume was Jul. consisting of two monomer components, divinylbenzene and

A Hewlett-Packard MSD 5973 mass-spectrometer, in the:-vinylpyrrolidone, and has the same applicability as the C18
selected ion monitoring mode, focusedrat 104 molecular sorbent has. However, Oasis could be advantageous in field
ion, with the source at 23, was used. Mass spectra were applications because it can be used without conditioning, and
obtained at an energy level of 70 eV. Standard autotunes witliryness does not alter the cartridge behavjagr29]
perfluorotributylamine were made on a daily basis. The styrene Asregards the possible eluent solvents, both dichloromethane

retention time was 6.5 min. and ethyl acetate are suitable when gas chromatography is to be
used[30,31]
2.5. Study of the styrene stability It has been reported that washing with water/methanol is

successful in removing urine matrix interferen¢28]. A 5%

The study has been performed on a pool of urine specimensethanol mixture in water has been found suitable to eliminate
from unexposed volunteer people. The urines were spiked withatrix compounds without affecting analyte recove[&233]
different amounts of a stock standard solution of styrene irmrherefore, in this study, the presence, or not, of 5% of methanol
methanol in order to have three concentration levels: 5, 25 anigh the washing solvent was tested.
100p.g/L of styrene. To ascertain the individual effects of the mentioned variables,

For each one of the concentration levels, three series of eight half-fractional factorial design for five variables at two levels
samples were taken using the sampling device, described inas appliedTable 1shows the list of factors and the low and
Fig. 1, with the Oasis HLB cartridge previously conditioned. high levels studied for the experiment. A total of 16 runs were
Once the spiked urine was sampled, luer male and female plugrformed and a replicate was carried out on different days and
were used to seal the cartridges, which were stored in the datksing different solutions. The design matrix used and the results
at room temperature. obtained are listed iffable 2 The ANOVA analysis identified

Each set of cartridges was analyzed at three storage times (1,

7 and 30 days). Previous to the analysis, the cartridge was rinsed
with two millilitres of Milli-Q water. The elution step was per- 12ble 1 _ , , _
formed with 1.5 mL of ethyl acetate at 0.5 mL/min. Anhydrous List of factors and their levels for the half-fractional factorial experiment

sodium sulfate was used to remove any residual water. AnaFactors Low High
ysis was carried out following the conditions described in thesgrpent (a) c18 OASIS
previous section. Eluting solvent (B) EA DCM
Samples of the spiked urine of each concentration level, preElution volume (mL) (C) 1.0 4.0
pared for the described stability study, were stored in 10-m(Eution flow rate (mL/min) (D) 05 4.0

. . . : . ion (9 5
vials at —18'C. A series of eight vials of the stored urine was Methanol fraction (%) (E) 0

extracted and analysed for styrene in parallel to the analysis d#A: ethyl acetate; DCM: dichloromethane.
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Table 2 Table 3
Design matrix and response results (% of recovery) in fiethalf fractional Styrene recovery for spiked urine samples
factorial design for styrene determination

Extracted urinary styrenq.g/L) Recovery (%)

Sorbent  Eluting Elution Elution Methanol  Recovery (%)
solvent volume  flow-rate 151.1 86.5

145.2 83.1
OASIS  DCM 1 0.5 5 543 582 154.7 88.5
C18 DCM 1 0.5 0 59.5 505 145.6 83.4
OASIS  DCM 1 4.0 0 33.3 456 173.9 99.5
OASIS  EA 4 0.5 5 90.0 97.8 170.0 97.3
C18 EA 4 0.5 0 93.2 833
c1s EA 1 0s 5 428 83p MeantSD. 156.8:12.4 89.7+ 6.4
OASIS  EA 4 4.0 0 748 717
OASIS  DCM 4 0.5 0 54.8 64.3 _ - i . .
c18 EA 1 4.0 0 432 463 confidence limits). A confirmatory experiment was carried out
c18 DCM 4 4.0 0 409 438 to verify the results from the analysiEable 3shows the results
OASIS  EA 1 0.5 0 89.8 833  obtained by performing six replicate extractions from a urinary
gf‘s < EEM i j-g g ‘6‘%-2 2;3 solution of styrene of 174 Zg/L. As can be seen the results
c18 DCM 1 05 5 447 574 obtained agree fairly well with predictions and the obtained
c18 EA 4 4.0 5 632 523 recoveryisnearly 90%. Therefore, the conditions proposed were
OASIS  DCM 4 4.0 5 384 41.4 used for further validation studies.

EA: ethyl acetate; DCM: dichloromethane. .
3.2. Analytical performance

seven factors as being statistically significant for the recovery . .
data. The Pareto chaifif. 2) shows each one of the estimated The repeatability and accuracy of the method was determined

effects in decreasing order of magnitude. The length of eacRy conducting six replicate extractions of independent styrene

bar is proportional to the standardized effect, which is the esti_standards at wo levels of concentrguon, 4.4 and 1§
- ; oo that were prepared from a commercial standard. The results

mated effect divided by its standard error. The vertical line can . i
be used to iudae which effects are statistically significant. A" Table 4shows that the relative standard deviation (R.S.D.)
Judg y sl : ywas 5.3% for the lower level of concentration and 9.0% for the

bars that extend beyond the line correspond to effects, which are :
S S . igher level of the urine standard. These R.S.D. values were
statistically significant at the 95% confidence level. In our case. . ) .
e S in agreement with the values reported in the literaftife-13]
the most significant effects contributing to the recovery were .
. . and somewhat higher than those reported for a purge-and-trap
eluting solvent and elution flow-rate and, to a lesser extent, the

sorbent used and the elution volume. The use of ethyl acetapéem()d[lo]'

: . o The accuracy of the method was also checked; the mean value
and the Oasis HLB sorbent improved the efficiency of styrene . . )
. . . data of the six replicate analyses are showrsible 4 Good cor-

extraction. The presence of methanol in the washing solvent haj . .
. : " respondence was obtained between the standard concentration
no influence on the extraction recovery. Additionally, the data
) . values and the SPE recovery results. The results of the over-
showed that the recovery was higher at the low level of elution

flow-rate. Although higher elution volumes had a minor posi_aII uncertainty of the measuring procedure are also shown in

. . : Table 4 Overall uncertainty is expressed, on a relative basis, by
tive effect, low elution volumes allow enrichment of the styrene o ; o
a combination of bias and precisif@4]. The results for uncer-

concentration in the eluate. Thus, an elution volume of 1.5 mL,[ ) . g
. . . .. Tainty of the proposed method were satisfactory and similar to
should allow easy manipulation of samples, while maintaining

a reasonable enrichment of analyte. Table 4
Selectlng the OASIS Cartr!dge for ur_me Samp"”,g and 1.5 mI‘Precision and accuracy of the method in standard styrene samples
of ethyl acetate at 0.5 mL/min for eluting the retained styrene;

the model predicted a recovery of 88.5% (80.8-96.6%, 95% Styrene concentration in
spiked urine samples
_ 100pg/L 4.4p9/L
B: Eluting solvent
D: EIulloR_ Ig(\;\;brate =+ 82.2 4.4
: %’% - 105.3 45
) AB 93.5 4.6
C:Elution volugig 98.4 4.4
g0 | 102.8 42
ChO| == 89.8 4.5
E:Methanol | B
RE| 1 Mean 95.3 4.5
AC| | . : ‘ : . R.S.D. (%) 9.03 5.31
0 3 6 9 12 15 Overall uncertainty 21.90 12.19

Standardized effect = -
2 ((Jx = xtruel + 25)/(xtrue)) x 100 wherex is the mean value of the repeated

Fig. 2. Pareto chart of the effect obtained from®a 2 half fractional factorial measurements;ue the true concentration value;the standard deviation of
design. measurements.
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those obtained in methods for unmetabolized contaminants in ., 107.9 ug/L

biO'OgiC&' ﬂUIdS[l3,35] (a) mmmm Cartridges
Calibration curves were obtained in a concentration range 1007 e e | B3 Vials

between 3.5 and 3Q0g/L. From the linear regression analysis 80 o

performed on calibration data, an instrumental limit of detec- ) )

tion of 6.6pug/L was obtained36]. This value corresponds *

to a detection limit of 2.2.g/L of styrene in urine for a 4- S o '

mL sample, a value that is 20 times lower than the proposed 20

biological exposure index2—4,8] The limit of detection is 5

bigger than that reported for other methods. However, sam- 1 7 30

pling a higher volume of urine can increase sensitivity. With 27.3 pglL

the sampling device described here, the volume of urine that 120 )
was passed through the cartridge corresponds to the volume g0l qc
of the syringe attached to the cartridge. However, if low con- =
centrations of analyte are expected a higher volume of urine g SR DR PR PR
can be sampled, increasing the sensitivity in this Wag. 3 § 60 4o
shows a representative mass chromatogram of the SPE extract * *
corresponding to the tested levels of concentratioraisle 4 A R B N
chromatogram of the SPE extract corresponding to the low level 20 { e
of styrene concentration in urine sampled by using two syringes 5
consecutively (i.e. corresponding to 8 mL of urine) has also been 7 30
included.
- 5.4 ug/L
()
go{-- M ||
] 60 (| FRAERIRNRSS
40 1
i 20 - L. . ... B .
0
7 30
Days
Fig. 4. Study of the stability of styrene both in cartridge and urine samples after 1,
E 7 and 30 days of storage in the dark at room temperature. Mean values of recovery
and standard deviatiom € 8, *n=6). (a) 107.9.g/mL; (b) 27.3ug/mL; (c)
VAN 5.4pg/mL.
(b) 3.3. Study of the styrene stability

Abundace

Experiments were conducted to study the stability of styrene
on cartridges stored after urine extraction using the validated
method. The results were compared with those obtained extract-

A ing urine after sample conservation. The study was carried out
at three levels of urinary styrene concentration, that correspond
approximately to 0.1, 0.5 and 2 times the published biological
1© limit value for the urinary excretion of styrerjé—4,8] Eight
samples were analyzed at each one of the concentration level
and each one of the storage periods specified in the Sexton
. Fig. 4shows the results obtained for the mean recovery in each
A case.
—\- Urine was stored in vials having, on one side, the minimum
45 50 55 60 65 70 75 80 headspace to avoid evaporative loss of the analyte, and, on the
Time other side, enough headspace to avoid breakdown of the glass
Fig. 3. Mass chromatograms afz 104 obtained from standard urine samples: V|aIs..However, In SOMe cases (markgd with an asterisign)
(a) 4 mL of 100ug/mL styrene solution, (b) 4 mL of 44g/mL styrene solution, WO Vials of the set were broken. This is one of the problems that
and (c) 8 mL of 4.4.g/mL styrene solution. can arise from sample conservation in vials.
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Table 5
Analysis of variance of storage data

Source Sum of squares Df Mean square F-ratio P-value

(a) Storage in cartridges
Styrene concentration: 107.9)/L

Between groups 27.35 2 13.673 0.48 0.6227
Within groups 592.50 21 28.214
Total (Corr.) 619.84 23

Styrene concentration: 23.§/L
Between groups 344.36 2 172.182 2.78 0.0851
Within groups 1301.86 21 61.993
Total (Corr.) 1646.22 23

Styrene concentration: Sp/L
Between groups 342.93 2 171.464 2.33 0.1219
Within groups 1545.26 21 73.584
Total (Corr.) 1888.18 23

(b) Storage in vials
Styrene concentration: 107.9/L

Between groups 626.88 2 313.441 3.96 0.0400
Within groups 1265.97 16 79.123
Total (Corr.) 1892.86 18

Styrene concentration: 23ugy/L
Between groups 1444.34 2 722.172 10.71 0.0011
Within groups 1078.43 16 67.402
Total (Corr.) 2522.77 18

Styrene concentration: S5ph/L
Between groups 656.09 2 328.046 2.99 0.0721
Within groups 2305.88 21 109.804
Total (Corr.) 2961.97 23

The recoveries for styrene stored on cartridges ranged frorh. Conclusions
83.7 to 94.4%, whereas on vials ranged from 68.0 to 96.1%.

ANOVA test has been carried out on recovery results for The method described offers the possibility of extracting
each level of concentration in order to compare results for eacktyrene from urine using an on-site sampling device. The SPE
storage period. The ANOVA table decomposes the variance aforbent cartridge used may then be easily transported to the
recovery into two components: a between-group component, arldboratory for further analysis. With the described procedure,
within-group component. The-ratio is a ratio of the between- typical concentrations of styrene in the urine of occupation-
group estimate to the within-group estimate. Whengthalue  ally exposed workers can be determined for the assessment of
of theF-testis greater or equal to 0.05, there is not a statisticallypccupational exposure to this contaminant. Studies on analyte
significant difference between the recoveries from one period aoftability have shown that no significant loss of the compound
storage time to another at the 95% confidence level. was observed after 30 days of storage at room temperature. The

Table @ shows the results of ANOVA for cartridge stor- sampling device seems suitable for routine use in the measure-
age andTable %, for vials conservation. The results on ment of urinary excretion of styrene. It also has the potential
Table % shows that there is no statistically significant differencegor the measurement of other volatile organic compounds in
between the recoveries obtained for styrene from OASIS HLBurine.
cartridges at the three storage periods in the range of styrene con-
centrations studied. However, from the resultJahle 5, it can
be seen that the styrene recoveries, for the 107.9 andu@@.7
concentration levels, are statistically different. The differencesi; k. pekari, L. Nylander-French, P. &fii, M. Sorsa, A. Aitio, J. Occup.
arise from the recoveries obtained after 30 days of storage, which  Med. Toxicol. 2 (1993) 115.
are lower. Changes in styrene concentration, with respect 1-daj2] F. Gobba, M. Galasi, S. Ghitori, M. Imbriani, F. Pugliese, A. Cavalleri,
recovery value, were between 14 and 20%. 3] Iscﬁgi;al (\é\fr:i(rol;:n:r:\%ri]é::ﬁnh tﬁzg(i%:gogfi)el;&ex osion laboral a

The potential of SP.E cartndges to stpre ar)alytes from. \_/vater[ estireno" Thesis 2002, Umverzidad de Murcia, Sp‘;m.
matrix has been studied. Studies dealing with the stability of 4] m. imbriani, . Ghittori, Int. Arch. Occup. Environ. Health 78 (2005)
pesticides have shown that, in general, it is better when they are 1.
stored in SPE at 20°C than in water matrif37,38] Other com- [5] M. Stafford, MG Horning, A. Zlatkis, J. Chromatogr. 126 (1976) 495.
pounds, such as antibiotics were degraded faster when stored i[lj} E-Jszzr‘;vor‘:‘gSk's' V(VB':m Erri""uhr/l" frﬁbcrri];:mgo%:ré 12361(1'%788)(:1611(’- 1 Work
SPE cartridge§39]. Results of the present study have shown '™ 2 ©o* oot 11 (1985) 371 ’ podaglio,
that SPE cartridges are also a good alternative to storage of thg) c.N. ong, C.Y. Shi, S.E. Chia, S.C. Chua, H.Y. Ong, B.L. Lee, T.P. Ng,
urine matrix. K. Teramoto, Am. J. Ind. Med. 25 (1994) 719.
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