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1,2 2% 2 2 1,2 1
(1 210046
2 ( ) 210008)
C8 (C7.6) ~ C34 (C34.01) C8
(C7.6) C10(C10.1) C12(C11.7) Cl6(C15.5) C21(C20.8) C34(C34.01) C8~CI0(C7.6~Cl10.1) Cl0~
Cl12( Cl10.1~Cl11.7) Cl2~Cl6( Cl11.7~Cl15.5) Cl6 ~C21 ( C15.5~C20.8) C21 ~C34( C20.8~C34.01)
« » C8 ~ C34 “« »
0.990 3 ~0.999 8 0.011 ~ 0.373 ng/ul 50.3% ~ 109.3%
1.5% ~ 11.3% 0.991 3 ~0.997 6 0.004 ~ 0.047 ng/ul 53.6% ~
107.7% 3.2%~12.2%
GC-MS
X833 0657
(EC) 250
13
[1-3] cc >3 (RfDs)
(RfCs)
cc >3 [11]
(461 (USEPA) SW-
846 8015B (CCME)
(GO) - (GC/MS) (TNRCCM)1005 1006
- (GC/MS)
(791 (SCAN)
5~8
(VOCs) R
[10] 8 (
8) C8 ~C34
(TPHCWG)
(41001182) (BK2012891)
(201009015)
* (liuwuxin@jissas.ac.cn)

(1987—) E-mail: hjyang@issas.ac.cn



135

1
1.1
(BUSHI )
( ) -
(7890N-5975B  Agilent )
it 6
Supelco
6
1.2 /
1.2.1 /
DB-5 (30 m x 0.25 mm % 0.25 pum)
300°C 50C 5 min
2°C/min 45°C 20°C/min
310C 15 min (He) 1.4 ml/min
1 ul (ED)
70 eV 280°C
230°C (m/z)
60 ~ 640 amu
1.2.2 /
DB-5 (30 m x 0.25 mm x 0.25 pm)
280°C 50C 3 min
2°C/min 40°C 25°C/min
300°C 5 min (He) 1.4 ml/min
Tul (EID)
70 eV 260°C
230°C (m/z) 60 ~ 640 amu
1.3
1.3.1 5g (60
) (400C  8h )
70 ml 16 h
3 ml 2]
1.3.2 I cm
3g 2g 05¢g
10 ml
30 mi( 5 ml)
15 ml( 5 ml) 201
2 ml (3]
2
2.1

(EO)

(TPHCWG)
6
1,2,3- e
6 8 10 12 16
21 34 6 7.6 10.1 11.7
155 20.8 34.01 GC/MS  SCAN 6
6
(1 2
15.788 18.450
307 13.016
2.5 ] 11.003
< 2.0
Z 25.373
! J
i 1.5
5.887
1.0 1
|
05 I
I
0 ilk T T 1 T T 1 . T . r r !"\l
6.00 8.00 10.00 12.0014.00 16.0018.0020.00 22.0024.00 26.00
i} 8] (min)
1 6 MEERIIRBUEE
Fig. 1 6 kinds of aliphatic Mass Spectrum
22 17.698
20 14.809
18 |
167 13.016
S 141
X 124
11.658
=, |
#6238 \
6-
‘- |
5 ’ ‘ [ 25.793
\u.IL‘m-AI . .th‘ T - s ; - - -
6.00 8.00 10.00 12.00 14.00 16.0018.0020.00 22.0024.00 26.00
A} ] (min)
B2 6fAEHRRIEE
Fig.2 6 kinds of aromatic Mass Spectrum
( )
5 C8~C10 Cl0~Cl12
Cl2~Cl6, Cl6~C21, C21~C34
5 C7.6 ~C10.1 C10.1 ~
C11.7 Cl1.7~CI15.5 C15.5~C20.8 C20.8 ~
C34.01
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C8 ~ 6 6
C10(C7.6 ~ C10.1) C8(C7.6) 1
0.1 min C10(C10.1) 0.99
0.1 min 2.3
0.1 min 2.5ng/ul 0.1 ng/pl
0.1 min 14 7 7
2.2 7 2.5ng/ul
7 0.1 ng/ul RSD% <20%
7 Chemstation
25 50 7.5 10 20 50 Signal-to-Noise 7
100 ng/ul 0.1 D= 3N x 01, O (ng/ul)
03 05 08 1.0 1.2 1.5ng/yl N 1 ) 2
Fz1 6MEAET 6 MIFTFEMAEMLKFE
Table 1 Calibration curve equations of 6 aliphatics and 6 aromatics
C8 Y =504 800X — 1 728 000 0.998 5 C7.6 Y=2811.9X+ 831 600 0.9913
C10 Y =454 800X + 842 000 0.999 2 C10.1 Y=795.5X - 34 590 0.996 1
C12 Y =462 700X+ 1 335 000 0.998 8 C11.7 Y=928.6X - 28 070 0.996 0
Cl16 Y=561 800X+ 2 146 000 0.997 2 C15.5 Y=1136X - 93 140 0.996 0
C21 Y=519 800X — 1278 000 0.999 8 C20.8 Y=1402X - 150 400 0.9955
C34 Y=772 500X — 20 560 000 0.990 3 C34.01 Y=579.6X - 111 200 0.997 6

R 2 6 FHASHRIZFA 6 TP FIE HUE AT ERE R 2= FRLES 44 PR

Table 2 Relative Standard Deviation(RSD) and Instrument Detection Limit (IDL) of 6 aliphatics and 6 aromatics

RSD (%) IDL(ng/ul) RSD (%) IDL (ng/ul)
C8 2.2 0.368 C7.6 3.8 0.006
C10 22 0.046 C10.1 33 0.006
Cl2 1.9 0.012 Cl11.7 6.7 0.006
Cl6 1.6 0.019 Cl15.5 6.9 0.012
C21 1.5 0.032 C20.8 32 0.004
C34 11.3 0.373 C34.01 12.2 0.048
2 6 6 3 50.3% ~ 109.3%
RSD% <20% 6 0.012 c8 Cl0 C7.6 Cl0.1
~0.373 ng/pl 6 0.004 ~
0.048 ng/ul
F3 6 MASEAIZHN 6 FIET EFIZH T EIER
Table 3  Average recovery of 6 aliphatics and 6 aromatics
(%) (%)
C8 50.3 C7.6 53.6
C10 59.7 C10.1 55.4
Cl12 80.4 Cl1.7 73.9
2.4 Clé 83.5 C15.5 107.7
6 6 C21 88.0 C20.8 84.2
C34 109.3 C34.01 105.7
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[16]

2.5
C8(C7.6) ~ C34(C34.01) 100.8% 109.9% 85% ~
115% (2l
4
S1,S2,S3 S4 4
1- -
x4 EEHGPEAHENE S0/
Table 4 Quantitative analysis of TPHs
S1 S2 S3 S4 RSD(%)
C8~Cl10 - - - - -
>C10 ~CI12 - - - - -
>C12~Cl6 26.2 35.5 28.2 29.4 13.4
>Cl6 ~ C21 500.0 466.7 493.3 483.5 3.0
>C21 ~C34 5120.0 4320.0 4 656.7 4 895.6 7.2
C7.6 ~C10.1 - - - - -
>C10.1 ~C11.7 - - - - -
>C11.7 ~C15.5 38.0 33.4 32.2 35.7 7.3
>C15.5 ~C20.8 82.8 65.8 73.0 72.6 9.5
>C20.8 ~ C34.0 1167.8 910.1 992.2 1128.0 11.4
Fourier transform infrared spectrometric determination of
oil and greases in water[J]. Analytica Chimica Acta, 1997,
C8 ~ Cl12 345(1): 161-171

4

3.0% ~ 13.4%

7.3% ~ 11.4%

(1]

(2]

(3]

(4]

(3]

Khamehchiyan M, Charkhabi AH, Tajik M. Effects of
crude oil-contamination on geotechnical properties of
clayey and sandy soils[J]. Engin. Geology, 2007, 89(3):
220-229
[J1. , 2007, 39(2):
247-251

1. , 2007, 32(9): 50-52
Reddy CM, Quinn JG. GC-MS analysis of total petroleum
hydrocarbons and polycyclic aromatic hydrocarbons in
seawater samples after the North Cape oil spill[J]. Marine
Pollution Bulletin, 1999, 38(2): 126-135
Daghbouche Y, Garrigues S, Morales-Rubio A, de la
Guardia M. Evaluation of extraction alternatives for

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

Xing L. Identification and remediation of the marine oil-
spill[J]. Contemporary Chemical Industry, 2009, 38(5):
530-533
, , R . /
- [J].
, 2006, 25(5): 33-37

, , I, , , . ASE-SPE/
GC-MS 16 PAHs [7].
,2012,31(9): 1 126-1 131
[7]. , 2010, 38(3):

417420

Eloy YCD, Miriam OCM, Ana CNC, Miguel ADD.
Validation of an analytical methodology for the quantitative
analysis of petroleum hydrocarbons in marine sediment
samples[J]. Quim. Nova, 2009, 32(4): 855-860
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1. , 2007, 2(3):

255-272
GC-MS 1. , 2007, 26(4):
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, 1995

Washington State Department of Ecology Toxics Cleanup
Program and the Ecology Environmental Laboratory. Analytical
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(HJ 168-2010)[S]. : ,2010 [J1. ,2007(10): 1 430-1 434

The Sectional Determination of Extractable Total Petroleum
Hydrocarbons in Soil by Gas Chromatography-Mass Spectrometry

YANG Hui-juan'?, LIU Wu-xing®*, LUO Yong-ming”, HUANG Yu-juan®, SUN Jian-ying', XU Xu-shi'
(1 Jiangsu Engineering and Technology Research Center for Industrialization of Microbial Resources, Jiangsu Key Laboratory
for Biodiversity and Biotechnology, College of Life Science, Nanjing Normal University, Nanjing 210046, China; 2 Key

Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China)

Abstract: A testing method by using gas chromatograph-mass spectrometry has been established, which might be
employed to carry out simultaneous analyses of total petroleum hydrocarbons. In addition, quality assurance and quality control
(QA/QC) of the analysis method have also been performed. The range of petroleum hydrocarbons determined in the soil by this
method covers the range from C8 (C7.6) to C34 (C34.01) for aliphatics (aromatics). Soxhlet extraction and column chromat-
ography separation had been taken as the pretreatment. C8 (C7.6), C10 (C10.1), C12 (C11.7), C16 (C15.5), C21 (C20.8) and C34
(C34.01) substitute C8—C10 (C7.6-C10.1), Cl10-C12 ( Cl10.1-Cl11.7), Cl12-Cl16 ( CIl11.7-C15.5), Cl16-C21 ( Cl155-
C20.8) and  C21-C34( (C20.8-C34.01), respectively for quantitative determination. Using the" “substitute” linear relationship
calculate each segment fractions’ concentration then integrate all the peak areas from C8 to C34. The results of linear relationship
and precision test of aliphatic petroleum hydrocarbon in this method demonstrate the correlation coefficient (0.990 3 to 0.999 8),
the method detection limits (MDLs) (0.011 to 0.373 ng/ul), recovery rates (50.3% to 109.3%) and relative standard deviation
(1.5% to 11.3%); and those of aromatic petroleum hydrocarbon in this method are the correlation coefficient (0.991 3 to 0.997 6),
the method detection limits (MDLs) (0.004 to 0.048 ng/ul), recovery rates (53.6% to 107.7%) and relative standard deviation
(3.2% to 12.2%). The test results of the method could accurately reflect the degree of soil contamination and toxicity.

Key words: GC-MS, Petroleum contaminated soil, Extractable total petroleum hydrocarbons, Section integral
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