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Abstract : Solid phase microextraction(SPME) with 85 ;2 m-polyacrylate (PA) and 100 g m-polydi
-methylsiloxane(PDMS) fibers, coupled to gas chromatography-mass spectrometry was used to
determine 1,2-dibromo-3-chloropropane(DBCP) and n-butylbenzene in water. The conditions affecting
the SPME process(i.e, extraction time, injection length, injection temperature, desorption time and
temperature) were optimized. The linearity of the calibration curve (correlation coefficient, R) was over
0.99 and the limits of detection of the method were between 1.5 and 10.8 g g/L. Repeatability of the
method was between 10.4 and 14.4 %.
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1. Introduction

1,2-Dibromo-3-chloropropane(DBCP) and n-butylbenzene
which' are volatile organic compounds(VOCs), have been
used as an insecticide and an intermediate of petroleum
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chemistry, respectively. As a result, they are often found
in environmental media such as water, soil and
sediments. Little is known about the possible effects of
these substances on the environment and human health
but some recent studies have shown that they may cause
hormone disrupting activity'. Animals that were exposed
to DBCP by inhalation revealed degenerative changes in
the seminiferous tubules, with relative reductions in the
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numbers of sperm, and an increase in the percentage of
sperm with abnormal morphology’. Sexual abnormalities
of the Lake Apopka alligators were found to be

attributed to leakage of the nematicide DBCP from a~

manufacturing facility’. The first report concerning its
detrimental effects on male fertility in production
workers was published in 1977* and it was no longer
used since it was known to reduce dramatically human
sperm. Also the toxicity of n-butylbenzene was not
certainly reported, but it was found that it reduced the
binding of the titrated natural estrogen to the receptor’.

Gas chromatography has been used for determining
VOCs in water samples but when the levels of
concentration are low, a previous enrichment step is
usually needed. The preconcentration techniques which
are commonly applied to determine VOCs are purge
and trap”’ and solid phase microextraction(SPME)*"’.

SPME is a solventless technique for the concentration
of otganic pollutants that allows the extraction of small
volumes of sample. The analytes are extracted by
absorption over the fiber which is directly exposed to
the sample or to the headspace. Finally the fiber is
introduced into the gas chromatograph injector where
the analytes are thermally desorbed '"'*.

In this stdy, we aim to develop a method for
determining DBCP and n-butylbenzene in water using
SPME as the preconcentraion technique and gas
chromatography with mass spectrometric detection. The
experimental conditions for SPME were optimized and
the method was validated with the range of
linearity,

concentration in  the detection  limit,

repeatability and calibration.

2. Experimental

2.1. Reagents and standards

The standards of DBCP and n-butylbenzene were
purchased from Ultra Scientific (Northkingstown, RI,
USA). DBCP has 97 % purity and n-butylbenzene was
9% pure. A stock standard solution of 500 mg/L of
each compound was prepared in methanol. Working
standard solutions of 5 mg/l. were prepared weekly in

methanol. Stock and working standards were stored at 4
T in the refrigerator. The aqueous solutions were
prepared daily -by diluting the working solution with
watér(Milli-Q). Methanol was supplied by J. T. Baker
(Houston, TX, USA) and was pesticide residue grade.
Water was obtained from a Milli-Q water purification
system(Millipore, Bedford, MA, USA).

2.2. Instrumentation

Gas chromatographic analyses were performed on a
Varian CP-3800 gas chromatograph (Walnut Creek, CA,
USA) equipped with a split-splitless injector and an
Varian Saturn 2000 mass spectrometer. DB-5MS fused
silica capillary column{cross linked 5 % methylsilicone)
of 30 m x 025 mm x 025 uzm was selected to
separate the analytes. The temperature program used for
the analyses was as follows: the initial temperatwre was
33 C which was held for 5 min and then increased to
250 C at 10 C/min rate. This temperature was held
for 3 min. The injector and transfer line temperatures
were 250 C and 210 C, respectively. The helium flow
rate was maintained at 1.0 mL/min. The samples were
injected in the splitless mode and the splitter was
opened after 2 min. The conditions for electron impact
ionization(El) of mass spectrometer were an ion energy
of 70 eV and the mass scan range was 30~500 m/z.

2.3. SPME procedure

The SPME device and the fibers(85 - um-PA, 100 4
m-PDMS) were purchased from Supelco (Beilefonte,
PA, USA). Before the initial application, the fiber was
conditioned in the hot injection port at 300 C for 3
hours according to the supplier’s instructions. Before
the analysis, a fiber blank was run to confirm no
contamination peaks.

Water samples(5.0 mL) spiked with an appropriate
amount of standards were put in 8 mL vials. Sample
was saturated with NaCl, and the pH was not adjusted.
The fiber was directly introduced into the sample
solution for 40 min at room temperature. The samples
were continuously stired with a magnetic stirrer.
Finally, the compounds were thermally desorbed from

Analytical Science & Technology



SPME-GC-MSE ©]£¢ DBCP ¥ n-Butylbenzene?] £4 473

the fiber in the injector-at 250 C for 2.0 min

3. Resulits and discussion

3.1. Optimization of SPME

The fibers selected were 85 ym-PA and 100 4
m-PDMS which are available commercially, and these
two fiber coatings gave good results in earlier studies.
The efficiency of the extraction process of SPME is
dependent on a fiber coating/sample matrix distribution
constant, K¢ Therefore, it is important to choose the
appropriate coating for a given application. The
performance of two different coaﬁngs for analysis of
DBCP and n-butylbenzene is illustrated in Fig. 1. This
shows that the efficiency of PA fiber is relatively the
same for both compounds and PDMS fiber is much
more efficient for n-butylbenzene than DBCP.
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Fig. 1. Total ion chromatogram of GC-MS of n-butylbenzene
and DBCP extracted with (A) PA-coating (B)
PDMS-coating.

The main parameters(e.g., the time of extraction,
injection length, the time and temperature of desorption
and the addition of NaCl to the sample) that can affect
the SPME process were optimized under full scan
acquisition mode. The extraction temperature, one of the
main parameters, was not investigated in this report
since the compounds analyzed are volatile. Standard
solutions containing 2 g/L of DBCP and n-butylbenzene
in Milli-Q water were used to evalvate the effect of
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these parameters. All the materials like glassware and
stirring bar used had to be also carefully cleaned and
three blanks were run to verify the absence of two

compound peaks.

3.1.1. Extraction time and injection length

The extraction time studied by
monitoring ‘the area counts as a function of the
extraction time. The standard solution was exposed for
times which ranged from 10 to 120 min(Fig. 2). The
temperature of extraction was set at room temperature

profile was

and NaCl was not added to the sample. The sample
was continuously stired to decrease the time required
for the analytes to reach the equilibrium. After the
extraction, the compounds were desorbed from the
fibers which had been kept throughout the run at 250
T in the injector of the gas chromatograph. The
absorption equilibrium in 100 xm-PDMS fiber was
reached at 40 min for both compounds, but the
equilibrium in 85 xm-PA fiber was reached over 120
min for two compounds. This fact indicates that polar
fiber would take longer time to reach the absorption
equilibrium for nonpolar compounds. However, an
extraction time of 40 min was selected for subsequent
than the
equilibrium time can be selected for the quantification

analysis. The shorter extraction time
if the stirring rate, the extraction time and the

temperature are held constant.
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Fig. 2. Extraction time profile of n-butylbenzene and
DBCP for (A) 85 umPA (B) 100 u
m-PDMS,

Various injection length of fiber from the top of the
GC injector were examined at 4-6 cm with 1 cm
interval. The peak areas for DBCP and n-butylbenzene
were not sensitive to the injection length of fibers(not
shown), and the fiber of 4 cm injection length was
selected for the further experiment.

3.1.2. Desorption temperature and time

The amounts of analyte desorbed were monitored as
a function of desorption temperature by exposing the
fiber in the injector at temperatures ranging from 100
U to 250 . As desorption temperature raised, peak
areas of both compounds became larger and maximum
at 250 C. Thus the desorption temperature of 250 T
was selected for further experiments.

Desorption time was selected by examining the range
of 1-3 min, and result shows that the peak area of the
DBCP and n-butylbenzene increase as desorption time
increases, and it reached at maximum at 2 min of
desorption time. The peak areas did not increase at any
longer desorption time. Thus, 2 min was selected as an

optimum desorption time.

3.1.3. Salt effect

NaCl is often added to the sample in order to
increase the ionic strength and enhance the amount of
analyte extracted by salt out effect. Saturated sample

with NaCl(360 g/L) was analyzed and the results were
displayed in Zable 1. Thus, it can be observed that
DBCP showed an increase in extraction yield with the
addition of NaCl salt regarding to both of PDMS and
PA fibers, but n-butylbenzene showed an decrease in
extraction yield with the addition of NaCl salt in both
of PDMS and PA fibers. It seems that these behavior
of DBCP and n-butylbenzene are due to the difference
in water solubility between two compounds.

Table 1. Relative area ratio of DBCP and n-butylbenzene
peaks under no NaCl solution and NaCl saturated

solution(360 gfL)
PA PDMS
Compound "N addiion  NaCl  No addition  NaCl

of NaCl  saturated  of NaCl  saturated
n-Butylbenzene 27.5a 9.0 26.1 38
DBCP 24 52 1.0 43

a : Relative peak area under assumption that peak area of
DBCP without addition of NaCl is unit area.

3.2. SPME-GC-MS

The method was validated by analyzing water
samples spiked with the standards once the SPME
parameters were optimized. Typical GC-MS chro-
matograms of n-butylbenzene and DBCP using PA and
PDMS fibers were shown in Fig. 1.

The linearity of the response in the range of 0.5~25
pg/L was monitored by comelation coefficient, R of
calibration curve. R was over 0.99 which is shown to
be a good linearity. The limit of detection(LOD) were
calculated using 3 ¢ method and they were between 1.5
and 108 jpg/L. The repeatability of the method,
expressed as a percentage of RSD(relative standard
deviation) and calculated at a spiking level of § u
g/l(n=5) were between 103 % and 144 %. The
recovery was obtained from the addition of standards to
the tap water and river water. Recovery of
n-butylbenzene was 94.0 % for tap water and 80.3 %
for river water. Recovery of DBCP was 95.9 % for tap
water and 100.5 % for river water. These validation
parameters were summarized in Table 2.
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Table 2. Resulis of calibration, LOD and RSD using 85 xm-PA fiber and 100 pm-PDMS fibers

LOD(x g/L) RSD(%, n=5)
Compound Linear Calibration
PO near range (ug/L) PA PDMS PA PDMS
n-Butylbenzene 0.5-25 Y'n}g;ﬁ“‘“ 15 108 104 144
Y=312.6+435.8x
DBCP 0525 Ra0.0983 17 8.7 113 11.7
4. Conclusion 893, 367(2000).

In this study, SPME was wused to determine
1,2-dibromo-3-chloropropane(DBCP) and n-butylbenzene
in water. Parameters that affect the SPME process were
optimized. Optimized extraction time was 40 min at
room temperature. Adding NaCl to water increased the
extracted amount of DBCP but decreased the amount of
n-butylbenzene. Injection length was 4 cm, desorption
was carried at 250 C for 2 min. This method was
evaluated by the linearity of the calibration, limit of
detection and repeatability. The linearity of the
calibration curve (correlation coefficient, R) was over
0.99 and the limits of detection of the method were
between 1.5 and 10.8 pg/l. Repeatability of the
method was between 104 and 144 %.
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