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Determination of benzene series in soil and sediment
with combined thermal desorption gas chromatography
Wang Shuangqing, Qin Jing, Sun Weilin, Shen Bin, Yang Jiajia, Yan Kaifeng

( National Research Center for Geoanalysis, Beijing 100037, China)

Abstract; Systematical experiments have been conducted to determine BTEX in soil and sediment using internal
standard through combining thermal desorption and gas chromatography. This method has been proved simple and
rapid to operate and the analysis results have been proved repeatable and reproducible. It is suitable to determine
BTEX in geochemical survey. The efficiency of 1-bromo—4—fluorobenzene as the internal standard for BTEX deter-
mination has been investigated, and its mass—peak area linear dependence relations with other single component of
BTEX have been identified (all above 0.99). The reproducibility, recovery rate and detection limit of the new
method have been tested with real soil, marine sediment and artificially synthesized samples and have achieved
satisfying results. The detection limits of the method are below 10 ng/g for each single component of BTEX.
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Table 1 Preparation of BTEX mixed standard samples based on clean soil

p.0 -

i 4ot REYBA Sy, TP ERY)

48—

o e Rue BB IR g g W e Rl CUORA HAEERY
(Fim k) (ng-g™")
1 100.0 1.0 1.0 1.0 1.0 1.0 1.0 10.0 0.10 10
2 100.0 5.0 5.0 5.0 5.0 5.0 5.0 10.0 0.50 50
3 100.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 1.00 100
4 100.0 40.0 40.0 40.0 40.0 40.0 40.0 10.0 4.00 400
5 100.0 100.0 100.0 100.0 100.0 100.0 100.0 10.0 10.00 1 000
6 100.0 200.0 200.0 200.0 200.0 200.0 200.0 10.0 20.00 2 000
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Fig.1 Thermal desorption gas chromatogram of soil from Daqing Oilfield
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Table 2 Thermal desorption gas chromatogram
of mixed standard samples

g T X L

T we o UMD W
0.10 0.37 1.52 0.28 0.11 0.33 0.30

0.50 2.26 3.37 1.30 0.67 1.16 1.11

1.0 3.89 4.62 2.04 1.07 1.71 1.65

4.0 11.43 11.17 5.62 3.02 4.36 4.29

10.0 30.65 26.61 13.96 7.80 10.63 10.54
20.0 29.00 27.32 14.79 8.72 11.68 11.58
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Table 3 Experimental mathematical correlations of mass

ratio (P, ) and gas chromatographic peak area ratio (P,)
between BETX individuals and 1-bromo—4-fluorobenzene

& PERCF KRR HHRRE(R)
3 P, =0.3277P, 0.997 1
R P,=0.3655P, 0.981 1
Yy S P,=0.709P, 0.994 2
X HOR P,=1.278 7P, 0.9959
[l8] 2 P,=0.9242P, 0.989 2
4 — I P, =0.934 7P, 0.990 7
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Table 4 Results of repeated experiment to determine BTEX in soil
and sediment using thermal desorption gas chromatography

. U T A BTEX &4t/ (pg - g™')
" 1 2 3 4 1 2 3 4 SFIE AR 2R AR ARG 22/ %
ES 43723 31836 39467 37908 0.031 0.029 0.030 0.028 0.030  0.001 3.6
* % 98397 74446 87776 79449 0.078 0.076 0.074 0.067 0.073  0.005 6.5
? ZHFE 33902 26080 30898 27727 0.052 0.051 0.050 0.045 0.050  0.003 6.3
g XETHZE 14596 11911 13783 12582 0.040  0.042  0.040 0.037 0.040  0.002 5.6
4 EIZTHEZE 31520 25945 28633 21349  0.063 0.067 0.061 0.045 0.059  0.009 16.0
HOMTHAE 20320 16592 18510 14326 0.041  0.043  0.040 0.031  0.039  0.005 14.1
4-JFH 74 111 57598 69674 69 768 0.160*
\ # 43586 46210 44 497 0.025 0.030 0.026 0.027  0.003 9.4
‘Z F4 30258 27153 28019 0.020 0.020 0.018 0.019  0.001 5.0
o V4% S 4989 4257 4731 0.006  0.006 0.006 0.006  0.000 3.6
M MTHZE 6037 5140 5643 0.014 0.013  0.013 0.013  0.001 4.2
”E F 2 20290 16382 18 908 0.033  0.030 0.031 0.031  0.002 5.8
% ATHZE 11142 9627 10537 0.019 0.018 0.017 0.018  0.001 3.5
4-JFH 67382 60728 68249 0.120"
IR E TS,
* TR AR & 1 S FE S AR BT I B 4
5 BTEX #AEHSHEGIE SR miRE R E
Table 5 Recovery of BTEX individuals in soil and sediment samples
for thermal desorption gas chromatography determination
A i HAMERER TP & (pg - g7')
HEJFTRE ISR I spp PCR/%
1 2 3 1 2 3 Tyl WEME W
* 129707 141875 134884  0.1206 0.1276  0.1249  0.1244  0.0295 0.1600 59.3
x BEE S 164 845 168752 162915 0.1711 0.1694 0.1683 0.1696 0.0734 0.1600 60. 1
?“( H 94 243 97 596 93638 0.1895 0.1898 0.1874 0.1889 0.0497 0.1600 87.0
g’; Xt R 72959 74 182 71872 0.2646 0.2602 0.2595 0.2614 0.0400 0.1600 138.4
4 ZHZE 89149 92 286 88528  0.2336  0.2339  0.2309 0.2328 0.0589 0.1600  108.7
JOSBTHIZE 81347 84 444 81412 0.2157 0.2165 0.2149 0.2157 0.0386 0.1600  110.7
4-TRFAR 56 428 58 337 56 683 0.160*
y # 130 134 96275 93513  0.0592 0.1419 0.0579 0.0863 0.0270 0.0800 74.2
f{g GEES 113132 46 174 82582  0.0574 0.0759 0.0571 0.0635 0.0191 0.0800 55.5
o V4% S 62 092 20 588 45732 0.0611 0.0656 0.0612 0.0626 0.0061 0.0800 70.7
M XTTHZE 57203 18 864 41404 0.1015 0.1084 0.1000 0.1033 0.0131 0.0800  112.7
“; M 79072  28176.6 56745 0.1013 0.1170 0.0990 0.1058 0.0313  0.080 0 93.1
%{%‘ A 67907 22732 48062 0.0881 0.0955 0.0849 0.0895 0.0179  0.0800 89.5
4-IRFIE 57673 17 806 42 367 0.080 "

T BT RIE 75
# BN 4= TR I i A AR ST A B A



- 98 . B b B

34 &

FE60% LA 5 T 4 1 H R A [l SCR 3AIR, 2227
70% A, AT 5 AR X R R AT O, A
Kk, AFEALA Y 22 8], — H A (o U e
IR AR IR M SRR S, AT 89.5% ~138.4%
ZIA]; ORI 2, %oF A S AR AR d 9 TSR
H1°H 87. 0% F170. 7% 5 H AR 1) Il 28 %) 4= At
TR S BEAAH 2, 43900 60. 1% F155. 5% 3 A1)
Iz 238 X6 4= 558 Fn U0 AR Wy B b 43 0 R 59. 3% Fil
74.2% A UL, BTEX 45 2H 43 1) [DCR i i 5 H %
B O R MR A POR AR, eAh, N 2
AR BIXS R, RIS BTEX (1 [R5 8
R b T UL AL &, nTRE S LR b A &
BTEX 95 W 2 LL TR b = A G, [RIA,
[i] L HERE R AR N Y BTEX A7 M9 3R 114 2 7R HE 1]
TURRIAE S v s in ) e K — A%, 2N AT e S 3w+
() I i T Je 2 R 22—
3.4 KRR

H T BTEX 7EJC A ¥5 G iy it v DA P vh (1)
AR, BN DU B BTEX 35 St{EARMK,
U 3 v A T RO T S B i AR TAEE
WHEE, HAT, T HE X bR
fR B BRR DL WA P (B, (HE W E kSR
AR ()RR R 3, R R DA A 2 M i e St 1Y 4
TR I B AR AG T U ) BTEX 5 i, 3C
R[4 ] b BT 45 H A B AR 52 K 20 ng/g, A 50
ng/g, LA 40 ng/g, X —H 2K 20 ng/g, 48— H K 10
ng/g, T JGIE4T X — B R RN ] — 4 [a] —H
IRBAZE S (R DA AR SO R G A
BT AR R  F R 2R i ZHOR 4B H
R JE) R RS A R A A I T L, g 1 AT

(1] ZEUI. A5 KRR F [ M. U5 il ok B ke,
2004.

[2] Hindle A D. Petroleum migration pathways and charge concentra-
tion; A three —dimensional model [ J]. AAPG Bulletin, 1997 ,81
(9): 1451-1481.

[3] Schowalter T T. Mechanics of secondary hydrocarbon migration
and entrapment[ J]. AAPG Bulletin, 1979 ,63(5) :723-760.

(4] ZEEK X5, BREH, 4. i LA EER R = 5K
ST CL/ /8RN IE A M IS B A AR DT 28 S (2 ) 4R,
P2 PR M2 2, 2006 :225-237.

[5] FEXGE, BARSE , Mo, 45, UF B8 A 26 = 28 2 il R 1
PLHIS AR ] il PSR IR, 2005,12(6) :1-5.

LA UL Ay TR TR BR YA & F 10 ng/g, B
PR ARG B, AR 5 23 v e 22 3418 X F ey
FH A /W bl 2 AT R R 2R X H
R A R AP BRI B 5k 1. 8,3, 5,
7.0,8.6,8.6,9.8 ng/g.
4 45ie

L 4 —J5L38 0 AR AL &, T LA SE 2o 3R A A
SAETER AR - M PR Y BTEX HH17H
ROATIAE o 207 VAR T 5 23 B o B R, i R
U RGN BRARG , 325 FH T 30T b 2 3 < b Bk Ak 2 B 45
FE& R BTEX B3 Bz

S 0k

[1] Calhoum G G,Hawkins J L. BTEX detector’ s results good in oil
identification[ J |. Oil and Gas Journal , Mar. 30,1998 .77-80.

[2] Calhoum G G, Hawkins J L. BTEX geochemical investigation,
Permian basin[ C ]//American Association of Petroluem Geolo-
gists 1999 annual meeting. San Antonio, TX, United States,
April 11-14,1999.

[3] Calhoum G G,Hawkins J L. Benzene and toluene are accurate oil
predictors[ J ]. AAPG Bulletin, 1999 ,83(2) :336.

[4] XA D5 BTEX TEMEE M IR P iR A [ D] b5t 0
HERE,2005.

[5] Zhang Yong, Meng Xiangjun, Sun Ping, et al. BTEX anomalies
used as indicators of submarine oil and gas reservoirs[ J]. Acta
Oceanologica Sinica,2009,28(4) :50-56.

[6] RFH MHER BB, Tz AL E LIEP R R
WLI]. SRS S kTR 25,2001 ,14(6) :40-42.

(71 BT bR BORAE. T04s [ SR A I = 5 v 1) 28
Y], E PRS2 2001, 11(2) :139-141.

[8] Zeige, =¥ PR A LIS EENE LI PR R Y [J]. 7T
FIEERHE ,2007,20(3) :60-61.

J5 2% B BH 35 B b J2 il SO0 AT v R e P R R

[J]. IS BRI, 2008 ,6 (1) :46-49.

(71 ZWouil, sKPRIE A 5, 45, T BH A8 I 1 )2 il Bl 4 552 B8 4
MriJ]. A ERE S5 & ,2006,33 (4) :432-436.

(81 wLENIy, WG KB, AR, 45, B BH 38 I b 2 T B0 <2 B B
15 AR T]. I HERYF, 2006 ,4 (4) :36-40.

(9] Erf R, WURNE, B AR, 45, IR J2 0 M 0 10T 728 £ X 5 B 3
B ARHIE T S0 TR W 1 S B AL [ )] 5 Tk ST, 2008
20(3) :109-113.

[10]  EERK. BAVE T2 () MR B M sh e [1]. £l
SZEGHLT,2000,22(3) :195-200.

[11] R A B0 5. BAE I /IR M <2<
BHGREEYHE P RN L], WA, 2004,28 (2)
104-107.

- A

(m8E Hi2k%)



