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chromatography/mass spectrometry and gas chromatography/flame ionization
detector
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Abstract: A method was developed to determine the concentration of methyl tert-butyl ether{ MTBE) in gasoline,
diesel and heating oil by gas chromatography(GC) with mass spectrometry( GC-MS) or flame ionization detection
(FID}. The diluted gasoline was directly injected into the GC, and the complete separation of MTBE from co-eluting
hydrocarbons was not required. GC/MS or GC/FID method can be used to anaiyze MTBE in different concentration

range and have good consistency.
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Introduction

Methyl tert-butyl ether( MTBE) has been widely used in
many countries as an oxygenated additive and octane enhancer
to reduce air pollution in unleaded gasoline. In America, the
concentration of MTBE in gasoline has been increased to as
high as 15% in response to the 1990 Clean Air Act and 1o
meet the requirement of the USEPA’ s Reformulated Gasoline
and Oxygenated Fuel Programs{USEPA, 1998}, while the
unleaded gasoline econtaining MTBE has just been used for
only a few years in China. However, MTBE need also to be
specified and controlled not only for fuel-quality reasons but
also because they can pollute the environment as well. It is
now a matter of concern that these compounds, under the
engine internal combustion conditions, form ozone, and iheir
emisstons also contain NOx and form-aldehyde ( Garcia,
1993) . The tumorigenicity of MTBE has also been studied in
long-term bioassays{Bird, 1997; Rudo, 1995). It has been
found that MTBE exposure increased the incidence of liver
tumors in female mice and testicular tumors in male rats
(Belpoggi, 1995).

In an attempt to accurately determine MTBE that would
comply with trade and government parameters, analytical
methods for the unambiguous identification and quantification
of the MTBE present in complex gasoline mixture have been

developed. Spectrometric  techniques, including fourier

transform irfrared method ( Guardia, 1993 ) and nuclear
magnetic resonance method(Meusinger, 1996), have applied
for the determination of MTBE in gasoline. Recently, gas
chromatography and other chromatographic techniques have
been extensively employed for the determination of MTBE in
gasoline ( Kanal, 1994), water ( Halden, 2001: Church,
1997}, urban air ( Pankow, 1997). However, complex

column switching or troublesome extraction procedure was

generally required to isolate MTBE from the interfering
hydrocarbons. In addition, the linear response range and
detection limit were not satisfying.

A method was developed to determine the concentration
of MTBE in gasaline, diesel and heating oil in this paper.
The diluted gasoline was directly injected into the gas
chromatograph. Because the base ion in the eleciron impact
mass spectrometry of MTBE is m/z 73, but m/z 73 ion are
not the common fragment ions of the alkanes, alkenes and
naphthenes of the fuel samples, a complete separation of
MTBE from co-eluting hydrocarbons was not required. GC/
MS or GC/FID method can be used to analyze MTBE in

different concentration range and have good consistency .

1 Materials and methods

1.1 Reagents

MTBE standard was obtained from Acros Company. All
solvents and reagents used were of analytical reagent grade or
better.
1.2 Sample preparation

MTBE standard, gasolines (90 #, 93 # ) and other
fuels were directly dissolved into iscoctane for the
determination. For GC-MS, the gasolines were diluted 10000
times, and for GC-FID, the gasolines were diluted 40 times
because of the relatively lower sensitivity. All MTBE standard
solutions were prepared by spiking MTBE standard to the
isooctane . The solutions were kept in refrigerator avoiding the
evaporation of MTBE and isooctane .
1.3 GC-MS operating conditions

MTBE was analyzed with a Shimadzu GC/MS-QP5050A
system. Operating conditions were as follows: DB-1 capillary
column(30 m x 0.25 mm i.d., film thickness 0.25 pm?,
helium carrier pressure, 70.0 kPa; injector temperature,
230°C; split ratio, 10: 1; interface temperature, 2307 ;
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oven temperature programme, 40°C for 4 min, then ramped
at 20°C/min 10 250°C for 10 min. The detector was operated
in the selective ion monitoring ( SIM) for m/z = 73 ion.
Because MTBE eluted earlier than isooctane and other
ingredients in gasoline, the filament had to be shuts down
before the elution of iscoctane. The acquisition time ranged
from 1.10 min to 2,50 min. Concentrations were determined
from integrated peak areas. Injections of 1.0 ul were used by
hand. Calibration curves for MTBE were prepared in the
range of 0.1—10 pg/ml.
1.4 GC-FID operating conditions

An HF 6890 GC system( Hewlett-Packard) with FID was
used. The optimized conditions for the HP-1 capillary column
(30 mm x0.25 mmi.d., film thickness 0.25 pm) were as
follows : the injector port was held at 200%C with a split ratio
of 10: 1, injections of 1.0 gl were used by hand; column
head pressure 91.2 kPa; flow rate of N, carrier gas 1.3 ml/
min. The flame ionization detector temperature 250°C ; oven
temperature was maintained at 40%C for 4 min, then ramped
te 230°C at 30°C/min, and held for 5 min.

2 Results and discussion

2.1 GC-MS

Electron impact fragmentation of MTBE yielded an
abundant m/z = 73 ion, due to the loss of a methyl group
(CH, =15 amu) from the cormpound. This highly stable ion
fragment was almost unique to the ether in the gasoline
mixture and was, therefore, a suitable candidate for SIM
studies .

As this technique was extremely selective and sensitive,
some test samples were pre-diluted in order te prevent
overloading of the detector and thereby producing a non-linear
response. And because MTBE eluted from the capillary
column very quickly, it was difficult to find an appropriate
reagent that could elute earlier than MTBE. Isooctane was
chosen as the diluent, as it did not co-elute with MTBE( iy
>3 min} and had no background using this type of capillary
column. To prevent the overloading of the betatron, the
filament must be tumed off before the elution of isooctane,
The tum-on time of the filament was between 1.10 min and
2.50 min, during which MTBE eluted at 1.73 min and could
be fully detected. Fig.1 shows the elution of MTBE using
SIM model. There was no other intervene during this period

of time. To make the high-boiling point ingredients of

gasoline elute easily and decrease the overall analysis time,
after the elution of MTBE the oven temperature was rapidly

heated to bring off the remaining hydrocarbon components.
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Fig.1 Chromatogram of MTBE in SIM model

It was possible to accurately determine the concentr-
ation of MTBE, as it was clearly resolved with the retention
time in 1.73 min. Further confirmation of the presence of
MTBE may be made by obtaining full scan mass spectra
shown in Fig. 2.
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Fig.2 Ful scan mass spectra of MTBE

Calibration standards of 0.1—10 pg/ml MTBE were
prepared in isooctane without intemnal standards. In previous
work, tertiary butyl alcohol, isopropyl aleohol or n-propyl
alcohel was used as internal standards, and the ethers were
separated from the gasoline by using a large amount of
acetonitrile. The linear response ranged from 0.2 10 1.2 pg/
ul. so the detection limit was relatively high and the linear
response range was narrow( Kanal, 1994) . However, in this
experiment, the gasolines were diluted 10000 times and were
directly injected into the gas chromatograph. The data showed
no significant backgreund interderence from hydrecarbon
components of the diluted gasolines in the retention time
interval where MTBE eluted from the chromatograph. The
ionizing yoltage was 0.95 kV, which greatly contribute to the
low detection limit{0.1 pg/L). A wide linear range of 0.1~

Table 1 The GC/MS determination of MTBE in Chinese fuels

Mean concentration of

Spike, vol% (nr=35)

Samples RSD, % {n=5) Recovery, %
MTBE, vwl% {n=3) Real value Determined value

GG # gasoline 3.240 0. 4234 0.600 0.664 110.7

93 # gasoline 2.004 0.3036 1.000 1.087 108.7

Diesel 4] - 2,500 2.736 109.4

Kernsene 0 - 2.500 2. 849 113.9

Heating oil 0 - 2.500 2.765 110.6
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10 pg/ml was obtained and the linear regression coefficient
was §,9994,

The amount of MTBE in several commercial fuels sold in
China was determined. It was found that there was no
existence of MTBE in diesel, kerosene and heating oil. The
results obtained are given in Table |,

2.2 GC-FID

The parameters of inlet and detector were optimized.
Different split ratio, flow rates of H,, air and makeup gas
were tested to determine the effects on detector signal. The
optimized conditions were as follows: split ratie 10:1, H,
flow rate 30 ml/min, air flow rate 400 ml/min, makeup gas
flow rate 20 ml/min.

FID detector has a relatively low sensitivity to MTBE.
Gasoline samples were diluted in iscoclane 40 times for the
determination. Because most hydrocarbon compound can. get
signals on FID, it is imperative to separate MTBE from other
ingredients in gasoline. In this experiment, a low initial oven
temperature 40°C. was kept for 3 min, MTBE got a good
separation from other compounds and eluted at 2.08 min
shown in Fig.3, which could be validated on MS detector by
full scan mode. The integrated peak areas were used to
determine the concentration and got a wide linear response
curve between 10—1000 pg/ml,
coefficient was 0.9989.

the linear regression
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Fig.3 Chromaiographic separation of MTBE by GC/FID

Table 2 summarized the comparison of concentrations of
MTBE in gasoline samples by GC/MS and GC/FID. As can
be seen, the concentrations obtained by GC/FID were in good
agreement with the results obtained by GC/MS.

Table 2 GC/FID determination of MTBE in Chinese gasclines

Mean .
Type of concentrajion RSD, % Reslfhs by ,R_dmwe
. GC/MS, vol%  deviation, vol%
gasoline  of MTBE, vol% {n=35)
{n=5) (n=5)
(n=35)
90 # 3.447 ¢ 100 3.240 0.207
3% 2.674 0.135 2.004 0.670

3 Conclusions

The methods of GC/MS and GC/FID were developed to

analyze percent quantity of MTBE in unleaded gasolines sold
in China, since the use of unleaded gasoline conlaining
MTBE is being developing and the oncogenicity of MTBE has

been found. Direct injection of diluted sample using

optimized GC/MS conditions made the analytical method in
this research accurate, simple, fast and reproducible for the
analysis of MTBE. There was almost no interference in the
chromatographic retention intervals of the diluted gasoline
sample where MTBE eluted. The linear range for the SIM
mode(m/z = 73) under optimized conditions were 0.1 to 10
pg/ml. The detection limit was 0.1 pg/I.. When using FID
1o replace MS detector, a wider linear response range was got
from 10 pg/ml to 1000 pg/ml. GC/MS or GC/FID can be
used to determine different concentration ranges of MTBE

sample with consistent results.
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