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Ko, K BRAG W A R IE AT L R e R
AT HERE , HLE SRS DI RE, B LR AL 2
J7 0 5 A R A B A AR . Esteve-
Turrillas ' R WHS-MSH: 5% JH I HS-GC/MS
HE—REREIREIT H Y, . Pk, (B
RORAR 2, FUREX F 2K 2 )5 e ) JLFP R R Ytk AT
M

AR ST R B A B A s — S M
T/ IR R -E R R R W, JEXAR S A
( EZEXF T Wb 45 250 ) dEfTidl. Jrik
ARG I AR, A E SRR A H
WA, BT AU, PRAERE S S0, JC
WHRTZS [ Shib e & 5wk 21k 5 i,

1 PRSIk

1.1 EZENFESETTR

A A M/ BB HAIL ( Varian GC
(CP3800) /MS Saturn2200, %) , W&
CombiPAL F 2 T %5 / [ AH 3 45 B R W Ak 1 BE R 52
(CTC Analytics, Fit:) ; Db (SX2-4-10,
R ABRAR, Fig) 5 HH (DGG-
9240, HRIFLIALMBARAR, Lilg) ; BHFRF
(K6 20.000 1 g, Sartorius/AHl, E) , BT
KV (K 20.001 g, RTPAUEICERARAFA,
i) .

PfE SR . R TR RYIRA (R, B
B NS SN S /S 1 B /S e |
Wi, IEEOR EBARMERE MAF AT ) 5 B (g
afi, TediaAw], FHE) ; Z&MWAK (i EBE
At - RIS BT T 1 R R g — A R ) s
GERr (T, 25~50H, F500°CH6 hifkHA
i) .

MR B OIEHECP-Sil8 CB Low Bleed/
MS ( CP5860, VarianZAH], [ ) , 30 mx0.25
mm ID DF=0.25 pm; 20 mlIi%s (CNWAH], 7
E ), 5CombiPALRGLE, FFHECAH W Rk H K
BRUEVEM RS . maiZ R, A > 99.999%; =4l
RA, 2HE >99.999%; HhTiE,
1.2 TEMHGHNXESRKRE

R R A B 8 T R B RO (R
ZE ), KERAEN R R R WA ORI ZE, 4C

HJ 642-2013RFEH4) .
1.3 ZWHE

B0 gZc i (RSB ZE0.000 1 g) +I3EREN
FA &S, 105CHS hfFFRE D &K% [F K
10 ¢ (A58 220.001 g) HIEFEST20 mlfy 0253
(T10CHEFE T2 h, A4 H ) T, IFar RIS
TEREI . FFRNEEM R, THUkLE4 CHR
1.3.1  BCHERE & ) 25 PIAS & A WL o i) A
RPN B R DU R 2R 4 1) B R by 35 A R i) 7 A%
WERES . BRERME. (1) KA E T o
500°CHE6 h, RS9 ¢ CKii20.001 ¢) A
TR 104y, A1 ml¥pFE30 mindt B8 A1 A0 2518
K, BEJERIEES . BRGS0 AR
[ AL 2R R W bn fEAE A W ( FR B0 ), BRIk
T it MR A0 A v o e O e TR RS A T, R
W PE AR RE R ME2 0%, DU 78 B I 5 3 2 o 11 1
RIR2E . (2) B H R TTR [ A 3E X0 ~ 5
emMRZ LI CGEE ISR KRZARRYITEH
X ) , FRE0 ¢ CKi#Z0.001 ¢) J5 LIgEfTHS-
GC/MSIE , LAXI R Ry e o T4 i, &
W5k, FRECIOfy JE T4 TR AR 10 ¢ (KEHR 2
0.001 g) T20 mlByT= NG, B, JoFhK.
FLA AR R A b B A AR A 2D B
1.3.2 GC/MSIUE &M SHHIs%E >, X
S S AR BERE R L ml; BEREIT250°C; 43
FHN20;5 HEREL.0 ml min™"y THEFEF N HILH
40°C, P43 min, M5 LI3C min”' FFE60C, %
53 min, FLI20°C min ' FFE250°C, JRiEEAMA N
EIHLET70 eV, FAHEF40 ~ 250 m/z, & FBFEE
H200°C, fEHREIRER250C
1.3.3  RRYE & R €0 15 U £ B B )
8 MR TRV ESE P40 S0 % T A5 1 R O € i ]
TR TR A R, RIS HARY alid i@
TG, aRE TR AL DR R AR B HE R T
. & EHRYMEEE (FFAE) B+ (m/z) 55
KT8, WAL, Z91+106, [A] (Xf) %
91+106., K ZIE91+104. 4B —H %£91+106,
1.3.4 RRYE &I ShbrikE . % H
R EES , RTIERE B T 4R IO 25 €3 0 AT 04
[Tl AN 2 3 1 K (B RS i o /o 1 5 1
25 B AR 04 A i 2 X RE e X 1 Y B bR E AT
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MsErt A N £ L, EEMNLLF LA 7 kAT
etk
2.1.1  figfEsksE  MER RN, W E TR
e RERE, WSE-30 "% 5 7L SRR A g
ﬂDDB—S [16] . HP-5 [18] . CP-8 [22] _ VF-=5 [22] R
elite—5 "2 4 vh 2 vk (@8 AL INSPB-50 14
ovV-17"*" HP-1701") %, s L RIEHIDE
FFEDB-624 120 4 (BB AT AEALE ] 2 A5 %)
TH . RS ARG ESNEE, AR
PUIE) H R+ —H 2R B . RO R+40 2K R
ORI AS 25 5 i 0 22 25 21 . 5 LAl 7 R LAY
RRYIRE Y BTT, Wk F a A M T A elite—
wax ' AC-20"**"_ DB-FFAP'*' fIBP-20 ">
L LA BRI . AR S T EA &0
FIBRIT 25 22 RIF5E, LA 0 45 i L —
ORISR, WITHT 350-2007 70 X T 2 AR
TBRMEESR, kR CP-8ms % FH i
2.1.2 RFEI K - rpl R RN ¥ R A AL
W3 R PV ISR AFRAT R I A, (X T4 K bk
ALY, BRTHFIAREIN, 8 0] BRI 4 49 DL A
WA Wy, JIF T TS H o BURETE A GCELG C/M STl
SE oV R BT 38 Ry BUD B 4R BOR R B S
HS-GC/MSIAE , Bhid #2 5 1 s 9 9 & i % .
AL B T A b g A L PR, I AS
AR AR ATCC/MSIN G, TR HR4R 7 AT
k.

WRALERBIR, W TRAS AR XS i 5
KRR R W T A AR I S vk, B a— A
BEIRFE20 s, 1590 s, 57:lb—fn#ABHEFE20 s,
1570 s Ke—MAMBFRFE 10 s, 570 sPHFP 7=
BEATXEFE o =k 20 E B 2 T 100 °C A G420
min, H—F7 M3, IFHEES H R0 im A
(7354 (A b Sk 3 ff 4 HE 3L 97200 pg kg™
FRdE ) o AR ILIENL

HEL, a, b, e =FIREITXT, Hird Wi
ARG TR, RURRE a8 1 4% Bin
Wy f14 W6 T R R T b A e R b AR 18 O X I A5 1) 0 T
BB Ra A TR R R R ok, )
Ve a——IBHRFE 20 s, 15290 ofF Jy -4

T T Ra—ABHREE20 s+4590 s, Jr b— AP 20

s+15#70 s, TR e—MMBHREE 10 s+/770 s Note: Mode a—

Shaking for 20 s +Keeping Still for 90 s, Mode h—Shaking for

20 s +Keeping Still for 70 s, Mode c—Shaking for 10 s +Keeping
Still for 70 s

K1 PrsE T A

Fig. 1 Optimal shaking mode
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MR IEA T I A o AR EEARTR], i W ) 4% & A L
PR SABKMZES, TERmIEE Tk 1
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ANV R I3, IS B AR 1 AR Y
SEXE CTINARE 5 Ok et HESE 200 pg ke bR
FE) o SR ULE2,
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ZItE, MIRFE0CH!, AKfHrEsRmEE, XY
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KA A, 4545 B AR B i K. (A BE % TR
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Fig. 2 Equilibrium temperature optimization

iy, RS TR K5 E S v R 4 ik B
S o 2 T i b o 5 11 N | A D T =2 v A
PEOLSF- MR, N B ABIEOS °C, IRk FRalk B

K, AR 3, IR H bR
FE AR (BTN ARR & A BT 1 E L 200 pg
kg INAREE ) o SERINEZFTR

K3 SFfri e

Fig. 3 Equilibrium time optimization

H B3R, R R Tl AR, b
RS R HF, P10 min5 & Z it 28 F0 5k
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BT ARG W s m, T A R 294520 minf
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LT
2.1.5 FEUE TR AT A AR AR T
AR A HERE S 2 AR T 22 . 25 DA A3 bR
SR FE TR VRS ERE L TN 25 SR A fc 3
o RT3 2F0 Jr BV E R HERE i R 2 HS-GC/
MSHlE, S5 WKL, R, AP IR
i1 £ b 4% 23 BT 4 1 2 P R OC R B0 5 e L T

P 52 TR pi G P AT G 2R B A AT, 0 T e PR
fif L AR N B IE A . ELB fF 1 S O BE
CU BB 5 T A SR IERE T, AR o B
Ak BRI B - A A AR SR, A5 R AR
AT T SR A P LA, e B R R
PRI T T 24 A A T ST P i

A G A T T AR O R o R S TR
AP A S R R S B, L et A 0 o ) A S
0 A S 5T T 15 A9 588 T 3 IR b A b, TR
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FLAN AR RESO0 pg ke BAL E L HERE S (1)
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Table 1 Linear relationship of standard curves
FH e R K Correlation coefficient r
HAZY ZRPEJE IO ~ 500 pg kg™ Linear range 0 ~ 500 pg kg™ AT
Extracted ion
BTEXs A1 P fb B 5T B feE - S (miz)
Quartz sand Fresh soil
FBenzene 0.996 3 0.996 8 78
F %K Toluene 0.996 5 0.993 3 91
Z HEthylbenzene 0.999 9 0.994 8 91+106
A (X ) ZH%m (p) —Xylene 0.996 5 0.998 0 91+106
LM +58 — P 2 Styrene+ o-Xylene 0.998 8 0.996 7 91+104+106

hi

LR,
ZAF+EB A, 10.126 min; F[E Note:
m-Xylene, 9.094 min; 5. p—Xylene, 9.184 min;

1. Benzene, 3.116 min;

3.116 min; 2. F7E, 5.352 min; 3. Z7K, 8.739 min; 4. [A]- —H K, 9.094 min; 5. ¥f-—"H 7, 9.184 min; 6 , 7. &

2. Toluene, 5. 352min; 3. Ethylbenzene, 8.739 min; 4.

6, 7. Styrene + o—Xylene, 10.126 min, the same below

B4 BRI EE R500 pg kg™ MR HE +3ERE RS TR A% B (TIC) REREE F i @ig A (EIC)
Fig. 4 Total ion chromatogram ( TIC ) and extracted ion chromatogram (EIC ) of the standard soil sample spiked with 500 pg kg™' BTEXs

2.2 FHEFM

Tr RS R 3 S TR — KT bR AR
(100 pg kg™ ) 7R, 15 H AR RYUEE WAE % R
2.83% ~7.27% < 10%, i EJJF 1164—2006 GC/
MSH; % BEBR, At Rl &g

Ty R . DA3AE MRS NAKCPAE S 5 (ES
(S/N=3) , 53N e B i RS HERE 5 5 (AR
Fd, TR HAES A I BR 0.23 ~ 1.35 pg ke
A BRI AR T HY 350-2007 7 5525 113+ 33 R 385
TR RN ARAE T RS AR R, %

D5 T A OR R I

IR bR 439 20 pg kg™ ' fT100 pg kg™
TERAE S A3, I 58 JS #0322 1 - 498 5 S0 A o iy
LR ZME T R R AR R, H PR R B, A5 1A
MR NTA.2% ~ 123%, 36 AT HLEE A B9 43 BT 2K
&2,
2.3 EERESRNE

SR AR O 9 D 24 B sk 3 RE S R R
GPRWR3, HR3, HIEMHEMSURERL, kAW
MEHL, HORRY & EEE; S2ESIBE R+
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Table 2 Method precision, detection limit and recovery rate of the method

e T ENG K 4 i e HEvES
BT/E\X Method precision Detection limit Recovery rate (% ) Recovery rate (% )
s
(%, n=T7) (pgke', SIN=3) (20 ug kg™, n=3) (100 pg kg™, n=3)
K Benzene 5.73 1.35 86.2 78.1
H ZToluene 7.27 0.58 115 91.7
Z.7KEthylbenzene 6.87 0.25 105 82.7
[ (%) —H % m (p) —Xylene 5.41 0.24 123 74.2
KL +EP 2K Styrene +o—Xylene 2.83 0.23 110 99.1
R IEHRPERYIE
Table 3 BTEX content in fresh soil samples
o ES LR » B X ) ZHHm RO +48 P B Y/ &
T+ HEREA Soil 7K Ethylbenzene
Benzene Toluene . (p) —Xylene  Styrene +o—Xylene Moisture
sample o o (pgkeg™) . » .
(pgkg™) (pgkeg™) (pgke™) (pgke™) (gkg™")
S1 239 900 240 272 673 248
S2 ND 2.90 1.27 2.68 7.02 226

. NDFEI/RAKH Note: ND means not detected

B, SRR Y) S EEANRGZ, KRYE TICKZEFEE TRV, IrfFEICKE TPk ]
WA A, UWIME S HEE R AT WA, A E RS E e . RISHIEICK

BISHIE 6730 SRR A STMIS2I BB T 7%, A R R OR B I ] b 2 RE S I H Al py €33
@G (TIC) ML T @K (E1C) W, ELAE 2% W B0 A S5 3 ] o 2 RE A S AR 55 ) 28

Fl5  HHEREMSIAAE FRAIEE (TIC) M E PRtk (E1c)

Fig. 5 Total ion chromatogram (TIC ) and extracted ion chromatogram (TIC) of S1 soil sample
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K6 L HEREMS2AY B I (g (TIC) R+ i @ik (EIC)

Fig. 6 Total ion chromatogram ( TIC ) and extracted ion chromatogram ( EIC ) of S2 soil sample

BT, IEWISTEES R A MR R Y SRS, K
6 EIC I R BENS 28 M A B A (3l 0, TEi% iR
B I [0 0 7 ) S5 33 ] vt A A B A ) R AR 1
(78) , RWIS2EEM A E A MHR AR Y)
PRV A AE R, (H BAS TR 2 .

M, AR D7 % T B e I I — T s —
AT HIE 58 4 mT AR 23 A AR 28 R W5 i) £
HERE AR

3 45 ©

FLE N -HS-GC/MSTEM 22 + 38 % R Wi
AEBRACAL S g AT 10 g7 i - SRR 5 920 ml
TR AR AE9S C A I F B h R $520 s, 4590 s, F
15 min; AMRIEE R, LIS SR Y0 1
A il A 5 O AR R A 5 3 P L A R 5 9% —
AR HE-95% — W LR Ak A UbE 1 B 40 A A A R AT 3k
MR Z R, a1CP-8msHE . DB-54 ., HP-5H %,
ATy 145 B bR 0B LR LR A O R B KT
0.99., HIERBEEN2.35% ~7.27% . KRN
0.23 ~ 1.35pg kg™ MR R T4.2% ~ 123%, Y3
A LHTER, o] R IR . BRI
K FHE BB TR I X & H AR g i, 440 T

P R 2k, ERAER; AL R R
Werl, BEEALF, RAERIE

2 % 3
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Determination of BTEXs with Static Headspace-Gas Chromatography/Mass
Spectrometer by Direct Heating Soil Samples

Abstract

living environment,

CHEN Hong ZHONG Ming TANG Haoye

( Soil and Environment Analysis Center,

like soil,

Institute of Soil Science,

Chinese Academy of Sciences,

HAN Yong JIN Wei
Nanjing 210008, China )

BTEXs ( Benzene, Toluene, Ethylbenzene & Xylene ) as a kind of pollutants in the hunman

could cause serious harm to human health. In this study an analytical method

of BTEXs in soil samples was developed to determine these pollutants in the soil in a simple, convenient and

environment friendly way. Soil samples contaminated with BTEXs were determined with CP-8 ms capillary

column by Static Headspace-Gas Chromatography/Mass spectrometer ( HS-GC/MS ) under modified conditions.

The optimal procedure goes:

put fresh soil samples in 20 ml flasks, 10 g each,

and have them heated at

95 °C in the hot shakable incubator, agitated at rate of 500 r min~' for 20 s, kept still for 90 s subsequently,
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and after 15 mins incubation the whole system reaches equilibrium. The BTEXs detection limit of the method
varied in the range of 0.23 ~ 1.35 pg kg™'; and the standard curve correlation coefficient (7) of each BTEXs
target ranged at 0.993 3 ~ 0.998 0. The sample recovery rate lingered in the scope of 74.2% ~ 123% with the
method precision varying in the range of 2.35% ~ 7.27% (n=7) . All demonstrate that the method meets the
requirements of organic analysis.

Key words HS-GC/MS; Direct heating; Soil sample; BTEXs; Modification of headspace condition
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