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Abstract: Polycyclic aromatic hydrocarbons (PAHs) are one of the most concerned en-
vironmental pollutants, due to their high abundances, wide existence, and significant
impacts on modern society. Long-term exposure to polycyclic aromatic hydrocarbons
will increase the risk of liver cancer, lung cancer and gastric cancer. The analytical

methods for 16PAHs that the US EPA has proposed for priority control in soil samples
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are quite mature and have been widely used for decades. However, there was few
research reported on the alkylated PAHs (a-PAHs) quantitation. In this work, an ana-
lytical method based on GC-MS was developed and validated for the quantitation of 51
a-PAHs and 16PAHs in soil samples. Soil dichloromethane ultrasonic extractions were
analyzed by GC-MS with EI source. Potential PACs mass spectra were extracted and
identified by the comparison between NIST library. The quantitative analysis of the tar-
get compound was further carried out with relative response factor, which was calculat-
ed with as much as 27 standards compounds. The validation results showed that the lin-
ear correlation coefficient (R*) of 27 PAHs mixed standard were greater than 0. 99 in
the range of 0.05-0.8 mg/L. The spiked recoveries of the PAHs were 73.11%-
119. 8%, with the relative standard deviations (RSD) of 1. 07 %-14.3%. The surface
soil samples collected from four coal mines were analyzed, and the results showed that
the content of a-PAHs in the surface soil was significantly higher than that of 16PAHs.
The average content of polycyclic aromatic compounds (PACs) was 24 543 pg/kg
(10 606-36 414 ;ng/kg). Among them, the contents of a-PAHs were 26 810, 25 090,
16 301 and 7 059 pg/kg, respectively, and the total average value was 18 815 ug/kg,
which was 3.3 times the average value of 16PAHs (5 728 pg/kg), indicating that
a-PAHs pollution was widespread in the soil of coal mining areas and was worthy of
attention. The method is simple, fast, accurate, low-cost, and suitable for the detection
of a-PAHs and 16PAHs in soil samples, which creates conditions for the future study
and evaluation of PAHs pollution in coal mining areas, and provides necessary technical
support for overall pollution control in our country.

Key words: gas chromatography-tandem mass spectrometry; alkylated PAHs; surface

soil; coal mining area
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Table 1 Regression equations, linear ranges, correlation coefficients (R*), method detection limits,

spiked recoveries and precision of the 23 PAHs

— WHEBE HERM R
L] ) Linear Correlation Detection ) A w5
Compound Regression range/ coefficient limits/ Spiked Precision/ %
equation recovery/ %
(mg/L) (R*) (mg/kg )

NAP y=133734x—575301 0.05~0.8 0.9973 0.015 77.06 3. 10
NAP-D8 y=22595x—346939 0.05~0.8 0. 9987 0.014 82.19 2.82
1M-NAP y=16463x—332692 0.05~0.8 0.9981 0.028 89. 96 4.63

ACY y=14785x—540476 0.05~0.8 0.9937 0.034 98. 49 11.0

1,2M-NAP y=7429. 6x—290917 0.05~0.8 0.9939 0.033 100. 0 10. 1

ACE y=5611.3x—195793 0.05~0.8 0. 9954 0.022 109. 9 14. 3

FLU y=165252x—231632 0.05~0.8 0.9933 0.022 88. 16 3.92

PHE y=12372x—545340 0.05~0.8 0.9902 0.018 84.01 1. 15

ANT y=16960. 8x— 285505 0.05~0.8 0.9906 0.018 88.07 3.28
2M-ANT y=1861. 8x—49042 0.05~0.8 0. 9954 0.023 118.3 2.44

3,6 M-PHE y=2601.3x—79241 0.05~0.8 0.9903 0.026 105. 3 3.45

FLA y=6547x—146598 0.05~0.8 0.9979 0.014 92. 67 4.48

PYR y=28254. 8x—231495 0.05~0.8 0.9935 0. 008 89. 57 2.52
1M-PYR y=1986. 3x—57735 0.05~0.8 0.9965 0.027 119. 8 1.07

BaA y=23123x—111676 0.05~0.8 0.9910 0.015 92.79 4.71

CHR y=2991. 8x—62415 0.05~0.8 0.9962 0. 024 95. 56 2.53

BaP y=2295x—70904 0.05~0.8 0.9915 0.016 100. 4 9.32

BbF y=2777.92—105935 0.05~0.8 0.9926 0.027 92.91 2.82

BKF y=2518x—97344 0.05~0.8 0.9913 0.032 93. 67 4.55
7M-BaP y=1431. 1x—31615 0.05~0.8 0.9913 0.028 116.7 8. 46

InP y=2092. 6x—70964 0.05~0.8 0.9939 0.023 86. 54 9.62

DBA y=1948. 9r— 81440 0.05~0.8 0.9914 0.030 73.11 10.9

BgP y=2651.22x—98702 0.05~0.8 0.9929 0.015 88. 47 7.53
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Table 2 Retention time and response factors of 27PAHs
%27 J A b B 1 1] Hh £k At Wi 137 A 5 Eat7)
Compound (m/=) tr/min Slope of curve (K) Response factor Internal standard
NAP 128 5. 85 33734 3.1 ACE-D10
NAP-DS8 136 5. 88 22595 2.8
1M-NAP 124 7.12 16463 2.0
ACY 152 8. 39 14785 1.8
1,2M-NAP 156 8.42 7430 0. 91
ACE-D10 164 8.63 6284 1.0
ACE 154 8. 68 5611 0. 81
FLU 166 9.71 6525 0. 66 PHE-D10
PHE-D10 188 12.19 9824 1.0
PHE 178 12. 25 12372 1.1
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[a=g7] JB A4 E 4 B B[] it £k At % i) 1oz & L)
Compound (m/z) tr/min Slope of curve (K) Response factor Internal standard
ANT 178 12. 39 6961 0.71
2M-ANT 192 13.78 1862 0.19
3,6M-PHE 206 14. 82 2601 0. 26
FLA 202 15.42 7589 0.77
PYR 202 16.02 10010 1.0 CHR-D12
1IM-PYR 216 17.76 1986 0.41
BaA 228 20.01 3123 0. 65
CHR-D12 240 20.03 4841 1.0
CHR 228 20.13 3842 0. 81
BaP 252 25.45 2295 0.67 PER-D12
BbF 252 23.52 2778 0. 81
BkF 252 24.55 2518 0.73
PER-D12 264 25.73 3437 1.0
7M-BaP 266 27.17 1431 0.42
InP 276 28. 80 2093 0.61
DBA 278 28.95 1949 0. 57
BgP 276 29.52 2651 0.77
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Fig.2 Chromatograms and mass spectra of methyl-naphthalene (a), dimethyl-naphthalene (b),
methyl-phenanthrene (c¢) and dimethyl-phenanthrene (d)
DL X 3R 3 A UE A 16PAH s,
INAP /z 128 A . -
miz W EHFEER aPAHs, #76FxH s % +
C1-NAP 7, milz 142 1) a-PAHs 23 J5 AR 02
773
C2-NAP 2ol mlz 156 o 5
2 1;24 6/135, . 127167 OO m/z 178
C3-NAP eSS 170 P
‘ C1-PHE i mlz 192
C4_NAP ~ 1.2.46/1.24.7 ‘l;gz l]225576 1.2.3.5
miz 184 0 1267 C2-PHE mlz 206
T T T T o T T C3
5 6 7 8 9 10 11 12 C3-PHE mlz 220
fr/min
" - .. Retene Retene—im/z 234
B3 HRILANNEEEEE Mj.mm
Fig.3 Mass chromatograms of NAP series chemicals T T T T T T
12 13 14 15 16 17 18
tp/min
>a-PAHs & 545124 26 810,25 090,16 301, B4 FRINEWHRERILE

7059 peg/kg, FEIME R 18 815 pg/kg. /m T
B5, afLLEH ., Za-PAHs S EAZSE T
>16PAHs, ff PACs B 77% . BLAk K
BB ZE b SR W] R R R 2R fe 2, HOE i)
5 4 PACs 1 35 %11 29 %, R X 4 h
PACs (T 2 Tk & . &5 R 9 T3 3. i n]

Fig.4 Mass chromatograms of PHE series chemicals
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Fig.5 Concentration of 16PAHs and a-PAHs

in surface soil of typical mining areas
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Table 3 Concentration of PACs in surface soil of typical mining areas

P

PACs ¥ i Concentration of PACs/(pug/kg)

EEX7E ¢8| Tyt

L& R X HEY X PIBER” X X )

Compound Homologues Donghuantuo Tongting Suntuan Liugiaoer PHE Percemage/
number ) ) ) ) Average %

mine mine mine mine

C1-NAP 2 3788 3086 1877 429 2295 9.4
C2-NAP 6 4426 5711 2899 601 3409 14
C3-NAP 9 4407 2433 1697 277 2203 9.0
C4-NAP 8 1449 456 351 n. d. 564 2.3
C1-PHE 4 1805 1693 846 625 1242 5.1
C2-PHE 8 4449 6318 3214 2121 4025 16
C3-PHE 1 1929 2245 1667 861 1675 6.8
C4-PHE 1 198 73 129 98 124 0.5
2M-ANT 1 1327 96 170 n. d. 398 1.6
C1-CHR 4 594 450 426 622 523 2.1
IM-PYR 2 875 1284 1695 659 1128 4.6
7M-BaP 1 340 274 567 249 358 1.5
1M-FLA 1 960 548 618 416 636 2.6
C1-FLU 3 263 423 147 99 233 0.9
> a-NAP 25 14070 11686 6823 1307 8472 35
>a-PHE 14 8381 10329 5855 3705 7067 29
>a-PAHs 51 26810 25090 16301 7059 18815 77
> 16PAHs — 9604 4048 5714 3547 5728 23
PACs — 36414 29138 22015 10606 24543 100
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