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Methyl fert-buty] ether (MTBE} 1s added to gasoline to enhance the octane munber of gasoline, fert-butyl alcohol (TBA)
18 major degradation intermediate of MTBE m environment, and benzene, toluene, ethy| benzene and xvlene (BTEX)
are also major constituents of gasoline. In this study, a simplified headspace analysis method was adapted for simul-
taneous determination of MTBE, TBA and BTEX in ground water samples. The sample 5.0 mL and 2 g NaCl were
placed in a 10 mL vial and the solution was spiked with fluorobenzene as an intemal standard and sealed with a cap.
The vial was placed in a heating block at 85 "C for 30 min. The detection limits of the assay were 0.01 pg/L for
MTBE and BTEX, and 0.02 ng/L for TBA. The method was used to analyze 110 ground water samples from various
regions in Korea, and to survey the their background concentration in ground water in Korea. The samples revealed
MTBE concentrations in the range of 0.01 - 0.45 ug/L (detection frequency of 57.3%), TBA concentrations in the
range of 0.02 - 0.08 pg/L (detection frequency of 3.5%). and total BTEX concentrations in the range of 0.01 - 2.09
ug/L (detection frequency of 87.3%). The developed method may be used when simultaneously determining the

amount of MTBE, TBA and BTEX 1n water.
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Introduction

Methy] tert-buty] ether (MTBE) is used worldswide as an anti-
knock additive that can increase the octane mumber. MTBE has
gained increasing attention over the past decade because of its
widespread contamination in the environment as a result of the
leaking of underground fuel storage tanks. Terr-butyl alcohol
(TBA) is a degradation intermediate of MTBE and is also app-
lied as a fuel additive.' MTBE is considered to be a possible hu-
man carcinogen and TBA is considered to be a probable human
carcinogenby the US Environmental Protection Agency.™ Ben-
zene, toluene, ethvl benzene and xylene (BTEX) are also major
constituents of gasoline.

Exhaust emissions from vehicles. as well as evaporative
losses from gasoline stations and vehicles. are major sources
of MTBE and BTEX that are released in the atmosphere. Be-
cause of their ability to persist in the atmosphere from days to
weeks. and because they will. inpart. dissolve into water. MTBE
and BTEX are expected to be present in precipitation in direct
proportionto their concentration inair. Hence. in the atmosphere
MTBE and BTEX provide a non-point. low concentration sou-
rce to the hyvdrologic cvcle as a result of the dispersive effect of
weather patterns and the occurrence of precipitation.” The vola-
tilization of MTBE and BTEX occurs slowly from ponds and
lakes, as well as from slow-moving and deep streams and rivers.
Volatilization ¢an also be rapid in shallow and fast-moving str-
eams and rivers. However. MTBE is much less biodegradable
than BTEX and. therefore. will persist longer in ground water.
MTBE also only weakly adsorbs to soil and aquifer material.
Consequently. the dissolved MTBE moves with the ground
water flow and can migrate further from a point source of conta-
mination.” A number of countries have become concerned about

the background concentration of MTBE in groundwater, and
have collected background data for the purpose.” From this
point of view. a study was developed in order to deternune the
amount of MTBE distribution in the groundwater of Korea. For
the purpose, the method must be very sensitive and accurate,

There are many different techniques available for measuring
MTBE. TBA and BTEX. as well as its extraction from water.
Gas chromatographic (GC) methods have used to analyze of
MTBE. TBA and BTEX. Mass spectrometry (MS) has the po-
tential to become a standard analytical tool for detecting these
compounds. Sensitive analysis is also usually accomplished by
gas chromatography-mass spectrometry (GC-MS). Although
most procedures utilize GC-MS to quantify the analytes. these
procedures differ substantially with respect to sample extraction
and concentration.

MTBE in ground water is frequently prepared by using the
standard U.S.EPA meethod that was originally developed for the
analysis of BTEX ® This method uses purge and trap (P&T) with
gas chromatography mass spectrometric detection (GC-MS).
Purge and trap (P&T) is by far the most frequently applied tech-
nique for the extraction and concentration of MTBE and BTEX
in water.*'“ However, this method can produce false quantifi-
cation of MTBE and TBA in hydrocarbon mixtures due to the
contamination in the P&T system with target or nontarget coni-
pounds having similar retention times in the presence of high
concentrations of hydrocarbons. Recently. a specific and highly
sensitive method for MTBE analysis has been developed that
relies on headspace solid phase microextraction {SP]\/[E)_1 19
The methods have many advantages in it being convenient and
having rapid and automatic extraction. but its low recovery
due to the volatility and long loading time of the SPME fibre.

MTBE. TBA and BTEX are antiknock additive, major meta-
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bolite. constituents of gasoline, respectively. Therefore, the
co-contamination of MTBE. TBA and BTEX is commonplace.
The used procedures to this day include the analytical method
of one or two among the three co-contaminants. Surprisingly,
no conventional headspace GC-MS procedure has been used
for the simultaneous detection of a trace of MTBE, TBA and
BTEX in water.

This paper describes a conventional head space procedure
that tries to trace MTBE. TBA and BTEX in water combined
with analysis of gas chromatography-mass spectrometry-select-
ed ion monitoring (GC-MS-SIM). A simple and reproducible
procedure for the simultaneous analysis of MTBE. TBA and
BTEX was the target of this studv. The method was applied in
order to determine the amount of MTBE. TBA and BTEX in
the ground water in Korea.

Experimental

Chemicals and reagents. MTBE. TBA. benzene. toluene.
ethy] benzene, xvlene and fluorobenzene were purchased from
Aldrich (USA). An analvtical grade of sodium hydrogensulfate
monohydrate. sodium chloride. phosphoric acid. acetone and
methanol were from J. T. Baker (USA). The water was purified
by using milli-Q equipment (Millipore Corp.. Milford. MA.
USA).

Spiking, Spiked samples were prepared by milli-Q water
(100 mL) that was spiked with 10 - 100 pL of standard solutions
at a concentration of 0.03 - 5.0 mg/L and with 30 pL of the solu-
tion containing internal standards at a concentration of 2.0 mg/L.

Extraction procedure, 3.0 mL of the water sample were placed
in 10 mL headspace vial. saturated with NaCl. and the solution
was spiked with fluorobenzene as an intemal standard and
sealed with cap. The vial was placed in a heating block for 40
min at 80 °C.

Gas chromatography-mass spectrometry. An Agilent 6890/
5973 N instrument and a Combipal Autosampler (Agilent.
USA), which could do automated HS (SPME) injections, were
used. The ion source was operated in the electron ionization
mode (EI. 70 V. 230 °C). Full-scan mass spectra (/2 40 - 800)
were recorded in order to identify the analytes at a high concen-
tration. The confirmation of trace chemicals was completed by
two MS characteristic ions, the ratio of two MS characteristic
ions and GC-retention times matches to the known standard
compounds. The ions selected in this study and the operating
parameters of GC-MS are shown in Table 1.

Calibration and quantification. Calibration curves for MTBE.
TBA and BTEX were established by extraction after adding
0.2.0.5.1.0.2.5. 5.0 and 10.0 ng of standards and 5.0 ng of in-
ternal standard (f-benzene) in 5.0 mL of milli-Q} water. The ratio
of the peak area of the standard to that of the internal standard
was used in the quantification of the compound.

Ground Water Sampling, Ground water samples were collect-
ed from 55 developed wells in order to determine the amount
of MTBE. TBA and BTEX in the ground water. Sampling sites
were selected to distribute uniformly in all ¢ities and Do (not
including Jejudo) of Korea as shown in Table 2. Sampling sites
are located in rural area and there is no gasoline station within
| km around them.
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Table 1. GC-MS conditions used for analyzing MTBE, TBA and BTEX

Parameters Conditions
Column 30m x0.25 mmid. x 0.25 pum film Innowax
Carrier gas He at (.9 mL min”
QOven temperature 35°C (1 min) 10 70 °C (3 min) at 5 °C min™
Inlet mode Pulse splitless
Injector temperature 250 °C
Transter temperature 280 °C
Growp _ Stan_ Selected ions
Time{min) (miz)

] 1.0 57,39
Selected 10n group 2 14 41,37.73

3 2.1 78, 96

4 3.5 91,92

3 6.3 91, 106

Table 2. City and Do distribution of sampling sites in this study

Sampling Gyong- Gang- Chung- Chung- Gyong- Gyong-

Area gl won  nam  buk Deajon buk  nam
Site Nr 9 6 4 9 1 3 6
Sampling D ) o T Tarnam O vang- "
Area egu  Ulsan Busan Junbuk Junnam ~ . Total
Site Nr 1 3 2 8 2 1 35

Results and Discussion

Optimization of headspace conditions. Method optimization
was principally performed in the selection of the best headspace
temperature and the best heating time for the simultaneous an-
alysis of MTBE. TBA and BTEX in water samples.

Prelinunary testing at 50, 60. 70, 80. 835 and 90 °C was per-
formed by analyzing three spiked water samples. The peak area
of each spiked compound was used for comparison. In all cases,
better efficiencies were obtained at a high temperature (85 °C)
as shownin Fig. 1. For TBA. the small peak was detected below
70 °C, due to its high solubility in water and low the Henry’s
law constant.

The optimum heating time of the target compounds was per-
formed by analyzing the three spiked water samples. The target
compounds were analyzed at heating times of 10. 20, 30, 40. 30
and 60 min at 85 °C. The maximum peak areas were obtained
in 30 min of heating time (Fig. 2).

Verification of method performance. For the GC separation
of BTEX. MTBE and TBA. the use of the semi polar stationary
phase was found to be efficient. Chromatograms are shown in
Fig. 3. As can be seen from the figures. the peaks of BTEX.
MTBE and TBA. as well as the intemnal standard, are symme-
trical. This indicates that the separation of the analytes from
the background compounds in the water samples was good. The
retention times of TBA. MTBE. benzene. F-benzene (ISTD),
toluene, ethylbenzene. m.p-xylene. and o-xyvlene were 2.15.
2.45,2.87,3.02. 4.86. 7.58, 7.79 and 8.38 nun. respectively.
There were no extraneous peaks observed in the chromatogram
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Figure 1. Peak area changes of the target compounds according to the
change of heating temperature.
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Figure 2. Peak area change of the target compounds accordmg to the
change of heating times.

of blank water in the time range between 2.0 and 9.0 min.

Calibration curves of MTBE. TBA and BTEX were con-
structed by extracting the spiked water samples. A tvpical stan-
dard curve was examined by computing a regression line of
peak area ratios for BTEX. MTBE and TBA to the internal
standard on concentration by using a least-squares fit. The an-
alvsis demonstrated a linear relationship with correlation coeffi-
cients being greater than r=0.997 {Table 3).

Detection limits were 0.01 pg/L for BTEX and MTBE. and
0.02 ng/L for TBA based on an assaved water that was spiked
with the concentration of 0.01 pg/L (Table 3). Detection limits
were defined by 3.14 times of coefficients of variation for re-
plicate determinations (n = 7) of the sample.

The range and standard deviation values for the precision
and accuracy are given in Table 4. For five independent deter-
minations at 1.0 and 0.1 pg/L. the coefficient of variation was
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Figure 3. Chromatogram of TBA, MTBE and BTEX spiked in mineral
water. 2.15: TBA, 2.45: MTRE, 2 87:Benzene, 3.02: ISTDXFBE), 4.86:
Toluene, 7.58: Eth¥lbenzene, 7.79: m p-Xvlene, 8 38: g-Xvlene (each
0.03 pg/L in mineral water).

less than 16%.

Giound water analysis, Ground water samples from 55 deve-
loped wells were analyzed for the presence of MTBE. TBA and
BTEX by using the method developed for this study. Tlis
study describes the results of a statistical analysis on MTBE.
TBA and BTEX back ground concentration distributions in
the ground water in Korea. In the 1% survey. the samples that
were taken at 33 sites revealed MTBE concentrations in the
range of 0.01 - 0.19 ug/L (detection frequency of 49.1%), TBA
concentrations in the range of 0.01 - 0.05 pg/L (detection fre-
quency of 3.53%)and total BTEX concentrations in the range
0f 0.01 - 1.06 ng/L (detection frequency of 74.6%y). The median
and mean concentrations found at the contaminated sites were
0.04 and 0.01 pg/L for MTBE. 0.01 and 0.00 pg/L for TBA.
and 0.11 and 0.03 pg/L for total BTEX. respectively.

In the 2nd survey, the samples that were taken at the 33 sites
revealed MTBE concentrations in the range of 0.01 - 0.45 pg/L
(detection frequency of 71.4%). TBA concentrations in the
range of 0.01 - 0.08 pg/L (detection frequency of 5.5%). and
BTEX concentrations in the range of 0.01 - 2.09 png/L (detection
frequency of 100%). The median and mean concentrations
found at the contaminated sites were 0.03 and 0.01 pg/L for
MTBE, 0.01 and 0.00 pug/L for TBA. and 0.14 and 0.05 pg/L for
BTEX. respectively.

When the surveys were combined, the 110 samples revealed
MTBE concentrations in the range of 0.01 - 0.45 pg/L (detection

Table 3. Calibration curves and method detection linuts of MTBE TBA and BTEX in ground water

Compound Linear regression Concentration range (ng/L) Correlation coetficient MDL (ug/L)
MTBE Y =0.0712x-0.0014 0.01-10 0.9993 0.01
TBA Y = 0.0689x + (L0011 0.02-10 0.9989 0.02
Benzene Y = 0.0873x - 0.0073 0.01-10 0.9989 0.01
Toluene Y = 0.0998x + 0.0101 0.01-10 0.9989 0.01
Ethylbenzene Y=0.1166x-00113 0.01-10 0.9983 0.01
m-Xylene Y = 0.0871x — 0.0080 0.01 - 50 0.9986 0.01
p-Xvlene Y = 0.0833x - 0.0073 0.01-10 0.9986 0.01
o-Xvlene Y = 0.0680x = (L0036 0.01-10 0.9978 0.0!
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Table 4. Intra laboratory precision and accuracy results for the analysis of MTBE, TBA and BTEX in water

Compound Spiked (pg/L) Measured Conc. (ng/L) Mean = SD (RSD%)
MTBE 1.00 .96 .97 0.87 0.93 0.99 0.94 0.94+ 0.04 (4.04)
0.10 0.09 0.08 0.07 (.09 0.09 0.10 0.09+0.01 (10.9)
TBa 1.00 (.78 ().88 0.90 0.99 1.01 0.91 0.91=0.08 (8.29)
0.10 0.09 0.09 0.08 0.11 0.12 0.08 0.10+0.02 (13.8)
Benzene 1.00 0.94 097 0.93 0.92 0.95 0.99 0.95+0.022.3)
0.10 0.09 0.12 0.09 0.09 0.09 0.08 0.09+0.01 (13.4)
Toluene 1.00 0.96 1.21 0.96 1.12 0.97 1.00 1.04+0.10(9.20)
0.10 (.09 0.13 0.12 0.13 0.11 0.11 0.12+£0.01(12.0)
Ethvlbenzene 1.00 (.94 1.00 0.95 128 1.14 1.01 LO5£012(114)
0.10 (.09 (.08 0.09 0.11 0.12 0.08 0.10£0.02(15.8)
mp-Xvlene 1.00 0.92 .99 0.94 0.99 1.14 0.99 1.00=0.07(7.08)
0.10 0.09 0.08 0.08 0.07 (.09 0.10 0.09+0.10(11.3)
o-Xylene 1.00 .96 1.00 0.94 0.98 1.01 1.22 102+0.099.15)
0.10 0.08 0.09 0.08 0.09 0.12 0.11 0.10+0.02 (13.8)

frequency of 57.3%). TBA concentrations in the range of 0.01 -
0.08 ng/L (detection frequency of 3.3%). and BTEX concentra-
tions in the range of 0.01 - 2.09 pg/L (detection frequency of
87.3%). The median and mean concentrations found at the con-
taminated sites were 0.04 and 0.01 pg/L for MTBE. 0.01 and
0.00 ug/L for TBA. and 0.13 and 0.04 pg/L for total BTEX. res-
pectively.

These results were lower than the results of studies conducted
in various European countries, where the median amount of
MTBE detected was 0.06 pg/L at 60 of 141 investigated sites in
Germany. 0.04 pg/L at 200 of 200 investigated sites in Switzer-
land at concentrations above 0.01 pg/L. The results of this study.
were also lower than the results of a sdy conducted in the USA.
where the median amount of MTBE found was 0.3 ug/L at 422
with a concentration above 0.01 pg/L. These findings support
the assumption that there is still decreasing MTBE pollution
in the groundwater, perhaps due to the monitoring for gasoline-
contaminated sites that has been carried out in Korea since
1997,

Conclusions

In this paper. the analytical parameters critical to the MTBE.
TBA and BTEX headspace extraction method as well as the
GC-MS characteristics were examined. It was discovered that
the HS heating temperature of 835 °C. and the heating time of
30 min was found to be the most effective. Using the innowax
column showed that the peaks of BTEX. MTBE and TBA have
good chromatographic properties and a show sensitive response
for the EI-MS (SIM). The method detection limit of target com-
pounds was 0.01 - 0.02 pg/L. The method was used to analyze
110 ground water samples from various regions in Korea. The
samples taken at the contaminated sites revealed MTBE concen-
trations in the range of 0.01 - 0.45 pg/L (detection frequency
of 57.3%). TBA concentrations in the range of 0.01 - 0.08 pg/L.
(detection frequency of 3.3%) and total BTEX concentrations
inthe range of 0.01 -2.09 pg/L (detection frequency of 87.3%).

The developed method may be valuable simultaneously deter-
mining the amount of MTBE. TBA and BTEX in water.
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