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N - ( HS-GC/MS) 13 ( BTEX)
o 0. 999 0.16 ~320 pg/L (
3 ) 0.019~0.033 pg/L; 3 (1.6.16 160 pg/L) 81.25% ~103. 73%
(RSD n=6) 0.3%~4.4%.
12 min N N
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Abstract: A method for the simultaneous determination of 13 benzene series ( BTEX) in seawa-—
ter using gas chromatography-mass spectrometry with static headspace extraction ( HS-GC/MS)
was developed. To carefully characterize the performance of this method several factors af-
fecting parameters were studied in detail such as the type of column heating procedure
equilibrium temperature equilibrium time and the volume ratio of gas phase to liquid phase.
The optimized conditions were as follows: the polar column of DB-WAX; heating procedure 40
°C kept for 4 min then raised to 120 C at 10 °C/min to 180 °C at 25 °C /min; equilibrium tem-—
perature 80 °C; equilibrium time 10 min; and the volume ratio of gas phase to liquid phase 1
:1. Under the optimized conditions the linear equations were obtained in the concentration
range of 0. 16 =320 pg/L with correlation coefficients greater than 0.999. The limits of detec—
tion (S/N =3) were 0.019 —0.033 wg/L. The recoveries at the three spiked levels of 1.6 16
and 160 wg/L ranged from 81.25% to 103. 73% with the relative standard deviations (RSD n =
6) from 0.3% to 4.4%. The analytical results of the practical seawater samples from Shanghai
Huangpu District were satisfactory. The determination of the 13 benzene series can be finished
in 12 min. The method is simple accurate reliable efficient and environmental-{riendly.

Key words: static headspace extraction; gas chromatography-mass spectrometry ( GC-MS) ;

benzene series; seawater
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Fig. 1 GC-MS chromatogram of a mixed solution of
13 BTEX standard solution (1.6 pg/L) on a
DB-WAX column - °
Conditions: static headspace sampling headspace equilibri- 60 °C
um temperature 80 °C; headspace equilibrium time 10 min;
loop temperature 110 °C; heating procedure 40 °C (4 min) - °
10 °C /mi 25 °C /mi N
120 ¢ 180 C. 70T
Peaks: 1. benzene; 2. toluene; 3. ethylbenzene; 4. pxy-
lene; 5. m—xylene; 6. isopropylbenzene; 7. o=xylene; 8. n-
propylbenzene; 9. 1 3 5+4rimethylbenzene; 10. styrene; 11. 1 °
2 4+rimethylbenzene; 12. n-butylbenzene; 13. 1 2 3-rimeth- 80 °C
ylbenzene.
2.2 . 90 C
80 C 13
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Fig. 2 Effect of headspace equilibrium temperature
on peak areas of BTEX
Conditions: concentration of BTEX 1.6 pg/L; other condi-
tions were the same as in Fig. 1 except the headspace equilibri-

um lemperature.

2.4
22
1.6 pg/L 80 C
5.10.20.30.40 min
1.3 1.4 -
o ( 3) 5 min
10 min 13
13
10 min
10 mino.
2.5
50% 75%,
(1.6 pg/L) 3.5.7.10 15 mL

20 mL 1.3

10 20 30 40

Time / min

3
Fig. 3 Effect of headspace equilibrium
time on peak areas of BTEX
Conditions: concentration of BTEX 1.6 pg/L; other condi-
tions were the same as in Fig. 1 except the headspace equilibri-

um time.
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Fig. 4 Effect of volume ratio of the gas phase to liquid
phase in headspace on peak areas of BTEX
Conditions: concentration of BTEX 1.6 pg/L; headspace
vial volume 20 mL; other conditions were the same as in Fig.
1 except the volume ratio of the gas phase to liquid phase in

headspace.
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10 min 6
; ( 1) 13
1:3 (r)  0.9992 ~0.999 6.
3 (S/N)  S/N
o 1:1 =10
. (LOD) (LOQ) 13 LOD
2.6 0.019 ~0.033 pg/L LOQ 0.06 ~0.11 pg/Lo
0.16 ~320 pg/L 13
13 o
1 N N
Table 1 Linear equations correlation coefficients limits of detection (LOD S/N =3) and
limits of quantification (LOQ S/N =10) of benzene series
Compound Linear equation Correlation coefficient LOD/( pg/L) LOQ/( pg/L)
Benzene y =1489x +405.2 0.9994 0.033 0.11
Toluene y =1978x +631.8 0.9994 0.023 0.08
Ethylbenzene y =2503x +139.5 0.9995 0.029 0.10
pXylene y =1860x +152.6 0.9994 0.020 0.07
m Xylene y =1827x +184.2 0.9995 0.022 0.07
Isopropylbenzene y =2729x -51.5 0.999%4 0.023 0.08
0-Xylene y =1668x +57.3 0.9995 0.022 0.07
n-Propylbenzene y =3140x -38.1 0.9994 0.021 0.07
1 3 5-Trimethylbenzene y =2166x - 19.5 0.9996 0.023 0.08
Styrene y =1096x +100.2 0.9995 0.030 0.10
1 2 4-Trimethylbenzene y =2078x -31.51 0.9996 0.019 0.06
n-Butylbenzene y =2424x -50.3 0.9992 0.025 0.08
1 2 3-Trimethylbenzene y =1234x +31.04 0.9996 0.030 0.10
y. peak area; x. mass concentration pg/L.
2.7 6 2,
13 81.25% ~103.73%
3 (1.6 16 160 (RSD)  0.3% ~4. 4%
pg/L) o
2 3 13 (n=6)
Table 2 Recoveries and precisions ( RSDs) of 13 BTEX spiked at three levels in a seawater sample (n =6)
1.6 pg/L 16 pg/L 160 pg/L
Compound
Recovery /% RSD /% Recovery /% RSD /% Recovery /% RSD /%
Benzene 88.75 2.9 98.94 0.6 99.71 0.3
Toluene 89.16 2.5 98.63 0.7 99.47 0.4
Ethylbenzene 88.75 2.8 97.75 1 99.23 0.8
pXylene 88.33 2.8 97.13 1.4 98.79 0.4
m Xylene 90.00 3.4 98.56 0.7 99.95 0.3
Isopropylbenzene 88.75 3.5 97.13 1.3 101.51 1.2
oXylene 88.54 3.6 98. 69 0.6 99.27 0.9
n-Propylbenzene 85.83 3.1 97.13 1.2 99.03 1.1
1 3 5-Trimethylbenzene 86.67 2.5 98.00 0.8 103.73 0.3
Styrene 82.71 4.4 99. 69 0.5 99.35 0.7
1 2 4-Trimethylbenzene 86.25 3.6 97.31 1.2 99.31 0.9
n-Butylbenzene 81.25 3.7 96.75 1.3 99.19 0.6
1 2 3-Trimethylbenzene 84.17 4.1 98.00 0.9 102. 34 0.8
2.8 -
15 ( HO1 ~ HO4 .HO7.HO8.H13 H14
H15) o 10.0 mL 10 13

20.0 mL
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