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Abstract; A method for the determination of 7 benzene series in groundwater samples by gas chromatography with
Needle trap-headspace sampling was developed, which represents the integrated features of on-site sampling,
solvent-free extracting and thermal desorption. The experiment conditions such as extraction temperature, sample-
equilibration time, pump volume of syringe plunger, additive amount of salt and sample storage time were tested
and optimized. The detection limits of the method for 7 benzene series were 0.06 ~0.09 pg/L and the recoveries
were 84.27% ~115.03% with precision of lower than 7% RSD(n =7) , which is consistent with relevant criteria of
US EPA. The method is suitable for the determination of these benzene series in groundwater samples.
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Needle trap S5 HEFE, WA 1 PR

GC6890 SAHEIEAL (S [E Agilent 24 H]) 7 &
KA TR AR (FID) o

DB - WAX %44 (30 m x0.32 mm x0.50 um)

Needle trap BN WK 2 iR, £ W
Y FE Tenax (60 ~80 H,¥ 1 ¢cm, Focus A7) o

SPME [& A0 % B 4T 4 3k (PDMS, 100 wm, 3
[ Supelco 22 H]) .

20 mL i B 00 T2 R 20 11 A R (38
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FAY(BTEX, &%, HIK, LK, 8] X 28—
PR B ) Joi - W) T [ 5 s o ) S AF 5 v o, ¥
J 240 mg/L, FEMCN HIEE

LUK SRR B I ROK, #IAA & BTEX

NaCl: 53 M4, Wy Tt 50 T30 ), 1 9
400 CHLRE 2 h, BT TR HIRAF

Pl 1 OPTIC 2 ZHIAGERFIT 2 CONCEPT ZIJRERTALPIERE
Fig.1 The OPTIC 2 system of multi-modal injector and CONCEPT

multi-functional preparation sample pre-treament device

2 Needle trap 54753

Fig.2  Schematic diagram of Needle trap

1—Needle trap; 2—< A TEG & CHRALIRAL) 5 3—SUAL; 4—TE5T
#HTERT 5 5—Luer 3k; 6—Needle trap AERIUR( Tenax) ; 7—HEE £k

1.2 US4

SAHETE S AT THE, 1A IRE 40 °C £
5 min, 15 °C/min & & 100 C, £ 45 2 min;
FID #6285 B 300 °C , 25 S i i 450 mL/min, &
A 30 mL/min, J& IR 462 (99. 999% ) it &
20 mL/min,

OPTIC 2 #FRE [T B 250 °C |, split f550, 35
A (99.999% ) , A [A] 0. 1 min, iz 171}
] 12 min, FJ 44 EE 250°C |, THE# % 16 °C/min, &
251 °C &g H /7 0. 1 MPa, &3 I [] 30 s, %) 45
J£770.049 MPa, 2 JE /7 0. 137 MPa,
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Pl 3 BRRIRERT Needle trap W FHg 1550
Fig.3 Effect of different temperatrue on Needle
trap adsorption

2.2 EFFRDIABIR Needle trap W BRI 55

FEUE S AT, BERY il i Needle trap I
FRER R TS <, AT I T Needle trap X BTEX 1)
HHLAR (B 4) o FRECAY Needle trap 115148 BUHS
1 mL, PRIASSCIR e R E ST SRR U 1000 uL,
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Fig.4 Effect of pump volume of syringe on Needle

trap adsorption
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Fig.5 Effect of time of pump frequency of syringe

on Needle trap adsorption
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Ay K REH AN 0.5.1.0.1.5.2.0.2.5 3.0,
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Fig. 6 Effect of on additive amount of NaCl on

Needle trap adsorption
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Fig.7 Linear ranges of BTEX adsorption by Needle trap
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20.1.6.12 24 h gE47 EHLIGE . MK 4 g5 580]
PLEH 7€ 24 h (4, il Needle trap X} BTEX #4744
PUEL 3 SRR AR AF B B LIRS 44 4 2k R
<13% VREEW ETEETE 0.87% ~1. 11% | JEALF
B IRAEIREK

1 JiEKBIBR
Table 1  Detection limits of BTEX
pw/(pg L1 iR L/
e RSD/ %
FRUEI AT BRI A FHH (pg-L7h
* 0.60 0.600.600.610.570.590.610.59 0.61  2.35 0.07
A 0.60 0.600.610.620.600.600.600.58 0.60  2.02 0.06
K 0.60 0.580.620.600.590.590.600.60 0.60 2.11 0.07
i) — 0.60 0.610.600.620.580.590.610.63 0.61  2.86 0.09
pomtiibS 0.60 0.600.600.610.590.590.590.62 0.60 1.92 0.06
SR 0.60 0.610.600.590.590.610.600.63 0.60  2.31 0.07
A 0.60 0.580.610.600.600.580.590.61 0.60 2.14 0.07

# 2 BTEX RyZePEiH
Table 2 Linear ranges of BTEX

(aes7) Attt R py/ (g - L™1) HIRRRU(RY)
- y=0.10052 +3.4479 0.1~240.0 0.9948
3 y=0.1735x +4.4496 0.1~240.0 0.9937
ZH  y=0.2721x +2.6860 0.1 ~240.0 0.9879
I ¢ =0.2873x+3.7051 0.1~240.0 0.9850
YRy =0.3248 +4.7787 0.1~240.0 0.9928
SFA y=0.3868x +9.5013 0.1~240.0 0.9974
IR y=0.2996x +3. 3984 0.1 ~240.0 0.9918

43 BTEX Akl E
Table 3 Recovery and reproducibility tests of BTEX

s MRy R LT P e
M%mg-r‘) wa V| el el b RSD/%
k06 8.2-9L2 638 || HTHE 0.6 95.29-10638 4.9
8 SL8I-115.03 5.03 8 910155 6.05
PE 0.6 89.9-9.08 576 || FRE 06 90.84-10439 539
# M27-10005 44 8 9LTI-106.32 4.68
ZE 0.6 8829-9L85 30 || 4THE 0.6 857~90.13 385
8 IS0 35 B %5.3-985 41
HZR% 0.6 8$1.68-96.38  5.09
B 9.58-100.20 5.4

# 4 Needle trap B EHRAF P EKINLL 5 B0
Table 4 Losses of BTEX by airtight storage of Needle trap

VI FID #6; R B 5010 VR I Z L

ey »
pe/(pg L7)  0nh 1h 6 h 12h  24h
P 48 1.3 111 1.05 0.95 0.87
DS 48 1.07  1.03  0.98 0.99  0.89
% 48 0.95 1.07 1.02 0.98 0.92
(G S 48 .00 0.99 1.00 1.06 0.95
Xt A 48 1.2 1.04 1.0l 0.93 0.9
YRS 48 1.5 1.00 1.09 0.93  0.94
A% 48 1.2 1.00 1.08 0.96 0.96
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Fig.8 Comparison of analytical results of BTEX with
Neelde trap and SPME
FEARMREEY D 48 pg/L,20 mL THZSHHL, AKAT AL 10 mLg
Needle trap Z5 2 : $2 B 60 C, AL 1000 WL, 4k 332 vk 4%
6 U, PRG-I 10 min;
SPME (100 wm PDMS) & : HEIRGELEE 60 °C 4R34 H10 min['0)

3 gl PARRA R B
R RS 7 5, SMA7 15 e R K o 928 3
Yy RIS

s W RARHOR BT

Table 5 Analytical results of BTEX in the groundwater

WA py/(pg - L") WS py/(pg - L")
= ety
HFKEE L R KR 2 HUFKRE L MR KEE 2
f 3 2.72 0.15 W N.D. N.D.
253 1.27 0.14 BINA 0.20 0.11
V%3 0.85 0.17 LB % 2.72 0.15
] — H 2 0.14 0. 50

O N.D. FIR KM

4 &5k

AR GRS A V-7 18] S A 4
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