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Hydrocarbons ( PAHs) in Soils of the Central and Eastern Areas of the Qinghai-

Tibetan Plateau

ZHOU Wen-wen' > LI Jun®* HU Jian>* ZHU Zhao—zhou’

(1. College of Geography and Environmental Science Tianjin Normal University Tianjin 300387 China; 2. Tianjin Key Laboratory of
Water Resources and Environment Tianjin Normal University Tianjin 300387 China; 3. State Key Laboratory of Environmental
Geochemistry Institute of Geochemistry Chinese Academy of Sciences Guiyang 550002 China)

Abstract: Fiftyfive soil samples were collected across the central and eastern Qinghai-Tibetan Plateau during July to August in 2013.
These were analyzed for the sixteen polycyclic aromatic hydrocarbons ( PAHs) called out by the USA EPA. The concentration
characteristics sources and potential ecological risk assessment of the sixteen PAHs in the soils were investigated. The soils were
extracted by ultrasonic extraction purified by an HLB solid-phase extraction column and quantified by gas chromatography-mass
spectrometry ( GC-MS) . The total PAH concentrations ranged from 40.47 to 1276.40 pgekg™' with a mean of 267.97 pgekg™'.
Low-ring PAHs ( two and three rings PAHs) were dominant in all samples and the proportion of phenanthrene was the highest. The
sources of PAHs were assessed by diagnostic ratios and a principal component analysis ( PCA)  which indicated that the main sources
of the PAHs originated from petroleum and biomass combustion. The toxic equivalent concentration ( TEQ) concentration of
benzopyrene a) pyrene ( TEQ,.,) in soils ranged from 3.73 to 79. 32 pgekg™ with an average concentration of 12. 84 pgekg™'.
The TEQ,,, in 4% of the soil samplings exceeded the Dutch target reference value (33.00 pgekg™') suggesting that a small portion
of the soils in the Qinghai-Tibetan Plateau have potential ecological risk.
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Fig. 1 Spatial distribution of sampling sites in the central
and eastern Qinghai-Tibetan Plateau
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Table 1 ~ Concentration and TEQp,, of PAHs in soil samples collected in the central and eastern Qinghai-Tibetan Plateau
/pgrkg™! /pgekg” Ipgekg ™! /TEF /pgekg™! /pgrkg™! 1%
Nap 2 1.82 ~25.69 7.53 15.00 0.001 0.00 ~0.03 0.01 5.50
Acy 2 1.10 ~21.79 2.75 — 0.001 0.00 ~0.02 0.00 —
Ace 2 1.14 ~39.45 5.21 — 0.001 0.00 ~0.04 0.01 —
Flu 2 2.60 ~137.57 23.45 — 0.001 0.00 ~0. 14 0.02 —
Phe 3 12.90 ~440.51 114.19 50.00 0.001 0.01 ~0.44 0.11 87.27
Ant 3 1.94 ~15.43 4.36 50.00 0.01 0.00 ~0.15 0.04 —
Fluo 3 3.78 ~139.04  34.20 15.00 0.001 0.00 ~0. 14 0.03 83.63
Pyr 4 3.20~94.88 19.17 — 0.001 0.00 ~0.09 0.02 —
(a) BaA 4 1.81~24.23 4.88 20.00 0.1 0.18~2.42 0.49 2.00
H Chr 4 2.94 ~61.32 9.24 20.00 0.01 0.03 ~0.61 0.09 5.50
(b) BbF 4 2.63 ~81.04 10.98 — 0.1 0.26 ~8.10 1.10 —
(k) BkF 4 1.68 ~22.46 4.99 25.00 0.1 0.17 ~2.25 0.50 —
(a) BaP 5 1.45~33.40 5.16 25.00 1 1.45 ~33.40 5.16 2.00
(12 3-d) InP 5 0.65 ~55.52 8.71 25.00 0.1 0.06 ~5.55 0.87 4.00
(‘ah) DBA 5 0.00 ~25.82 4.29 — 1 0.00 ~25.82 4.29 —
(ghi BghiP 6 0.84 ~58.24 8.89 20.00 0.01 0.01 ~0.58 0.09 4.00
2 ¢ PAHs 40.47 ~1276.40 267.97 — — 2.21~79.79 12.83 —
2 PAHs
Fig. 2 Constitution of PAHs with a varied number of aromatic and aliphatic rings
in soil samples collected from the central and eastern Qinghai-Tibetan Plateau
2.2 PAHs PAHs 4 PAHs

Maliszewska-Kordybch 1996
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Table 2 Comparison of PAHs concentrations in soils in the central and eastern Qinghai-Tibetan Plateau and other regions/pgekg ™~

1

/ugekg ™! /ngekg ™!
0.83 ~14.41 — 23
75.00 ~327.00 — 24
0.43 ~26.7 — 25
10.50 ~102.10 — 26
40.47 ~1276.40 267.97
125.00 ~9 057.00 2727 27
219.00 ~27 825.00 3917 28
24.92 ~1014.61 2068 29
2.00 ~6745.00 290 30
247.00 ~ 1 560.00 — 31
83.00 ~2371.00 543 32
6.30 ~22 670.00 1544 33
107.70 ~ 1 657.00 — 34
1 508.00 ~2 364.00 1 869 35
2.3 PAHs 0.2 PAHs 0.2 < InP/( InP +
BghiP) <0.5 InP/( InP
2~3 PAHs N + BghiP) >0.5
4 ~6 PAHs
PAHs o 2 ( 4 BaA/( BaA
PAHs + Chr)  InP/( InP + BghiP) 0.2
Phe  Flu PAHs PAHs
PAHs
PAHs 2.3.2
PAHs ?
2.3.1 SPSS 55
PAHs KMO
PAHs 7 BaA/( BaA 0. 815 . 3
+ Chr) BaA/( BaA + Chr) < 89.92% . 1 ( BaA.
0.2 0.2 < BaA/( BaA + Chr) <0.35 Chr. BbF. BaP. InP  BghiP)
BaA/( BaA + Chr) > 2  Flu Phe

0.35 . InP/(InP + BghiP) <

40
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3

PAHs

Fig. 3 Degree of contamination of PAHs in soil samples collected in the central and eastern Qinghai-Tibetan Plateau

4 PAHs
Fig. 4 Specific isomeric ratios of PAH species in soil samples

from the central and eastern Qinghai-Tibetan Plateau
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Table 3 PCA results of the soil samples from the central

and eastern Qinghai-Tibetan Plateau

1 2 3
Nap 0. 63 0.55 0.10
Acy 0.08 0.12 0.96
Ace -0.05 0.97 0.01
Fluo -0.02 0.98 0.16
Phe 0.09 0.93 0.28
Ant 0.10 0. 68 0.69
Fla 0. 66 0.55 0.44
Pyr 0.76 0. 44 0. 40
BaA 0.91 0.13 0.30
Chr 0.9 0.11 0.27
BbF 0.96 0.07 0.24
BkF 0. 80 0.25 0.03
BaP 0.9 0.09 0.18
InP 0.95 0.11 0.21
DahA 0.74 -0.09 0.29
BghiP 0.95 0.07 0.22
/% 60. 89 22.18 6. 89
/% 60. 89 83.07 89. 92
/% 27.29 58. 82 13. 89
2.4 PAHs
22 ( 1 )
Phe 87.27% Fluo
83.63% Nap. Chr
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Fig. 5 Toxic equivalent concentrations of BaP in the soil samples of the central and eastern Qinghai-Tibetan Plateau
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