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Pollution risk assessment of polycyclic aromatic hydrocarbons in the soil of agricultural production bases in
Liaocheng

LI jing"?, ZHAO Lufei**, JIANG Na"?, CHEN Xiuna"? QUAN Wei"?, ZHOU Yunping"*

(1. Liaocheng Ecological & Environmental Monitoring Centre of Shandong Province, Liaocheng 252000, China; 2. Key Laboratory of
Liaocheng Ecological Environment Monitoring Center, Liaocheng 252000, China; 3. College of Agriculture and Biology of Liaocheng
University, Liaocheng 252000, China)

Abstract: To clarify the concentrations of PAHs in the soil of agricultural product planting bases in Liaocheng City and its impact on the
environment and human health, this study analyzed the content, compositional characteristics, correlations, and sources of 16 polycyclic
aromatic hydrocarbons (PAHs) in the soil of Shenxian County, a key vegetable and fruit planting base in Liaocheng, and assessed the
ecological-health risks associated with PAHs in the soil. The results showed that : The average mass concentration of 16 PAHs( X PAHs)
in the soil was 162.0 pg- kg™, with high-ring PAHs being predominant. The total mass concentration of PAHs in the summer was higher
than in the winter. The correlation among high-ring compounds was stronger than that among low-ring compounds. The main source of
PAHs in winter was coal/biomass combustion, while in summer, the primary source was liquid fossil fuel combustion. The soil in the study
area was slightly polluted in summer and unpolluted in winter. The carcinogenic risk of PAHs under the three pathways did not exceed the
standard value.
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Figure 1 Soil sampling sites and study areas
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Figure 2 Statistical graph of mass concentrations of 16 PAHs in soil
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Figure 3 Statistical of mass concentrations of 16 PAHs in soil across different seasons
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Table 1 Mass concentrations of 16 PAHs in soil at melon cultivation bases in Liaocheng during summer(pg-kg™)
47 Winter 517 Summer
PAHS F/MEMin A Max  FHIE Average  ZERZBCY  B/MEMin A Max P Average  ZESRELCV
NaP 2.7 51.9 13.2 0.9 0.1 72.2 7.1 2.2
Acy 0.5 7.3 1.4 1.3 11.3 14.8 12.0 0.1
Ace 0.2 1.2 0.5 0.6 0 153.0 34.7 1.4
Flu 0.5 1.3 0.7 0.3 0 1.3 0.3 1.0
Phe 1.5 27.1 6.3 1.1 4.9 8.6 6.0 0.1
Ant 0.8 6.2 1.6 0.7 0 31.1 32 2.0
Fla 1.6 47.5 9.8 1.2 11.2 16.3 12.0 0.1
Pyr 1.5 66.8 10.6 1.4 6.2 39.5 13.0 0.6
BaA 1.3 7.5 2.9 0.5 19.2 37.4 235 0.2
Chr 1.8 11.1 4.1 0.5 17.1 22.6 18.6 0.1
BbF 2.6 10.3 5.4 0.4 3.5 15.6 7.0 0.4
BkF 2.3 8.8 4.2 0.4 24.4 39.6 28.7 0.1
BaP 1.4 15.5 4.5 0.7 1.6 16.6 5.8 0.6
InP 1.1 7.7 2.8 0.5 24.3 30.2 25.8 0.1
DBA 0.4 1.8 0.6 0.4 27.5 31.4 28.8
BghiP 0.8 15.2 32 1.0 24.9 27.6 25.7
2~3 3 PAHs 7.8 59.6 23.6 0.7 17.1 232.1 63.4 1.0
4~6 A PAHs 15.3 182.8 48.1 0.8 161.4 257.2 188.9 0.1
> 16PAHs 26.7 240.2 71.7 0.7 189.4 489.4 252.4 0.3
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Figure 5 Spatial Distribution of PAHs during winter and summer
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Figure 6 Correlation analysis of PAHs in soil during winter(a)and summer(b)
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Table 2 Mass fraction ratios of PAHs isomers and

their potential sources
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Figure 7 Source analysis of PAHs in soil during winter and summer
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Table 3 Ecological risk analysis of 16 PAHs in soil

A7 Winter 5 7% Summer
Ak i BB i Kok e LA
Canada standard Soil remediation standard Canada standard Soil remediation standard of
PAHs TEF TEQu, of Netherland TEQ., Netherland
PR BEA RO AR PR BRI A BRI
Standard value/ Exceeding Standard value/ Exceeding Standard value/ Exceeding Standard value/ Exceeding
(pg-kg™) mutiple (pg-kg™) mutiple (pg-kg™) mutiple (pg-kg™) mutiple
NaP  0.001 0.013 50.0 0 0.015 0 0.007 50.0 0 0.015 0
Acy 0.001 0.001 50.0 0 — 0 0.012 50.0 0 — 0
Ace 0.001 0 80.0 0 — 0 0.035 80.0 0 — 0
Flu 0.001 0.001 50.0 0 — 0 0 50.0 0 — 0
Phe 0.001 0.006 190.0 0 0.050 0 0.006 190.0 0 0.050 0
Ant  0.010 0.016 50.0 0 0.500 0 0.032 50.0 0 0.500 0
Fla  0.001 0.010 190.0 0 0.015 0 0.012 190.0 0 0.015 0
Pyr 0.001 0.011 240.0 0 — 0 0.013 240.0 0 — 0
BaA 0.100 0.286 100.0 0 2.000 0 2.353 100.0 0 2.000 0.176
Chr 0.010 0.041 100.0 0 0.200 0 0.186 100.0 0 0.200 0
BbF  0.100 0.540 300.0 0 — 0 0.704 300.0 0 — 0
BkF 0.100 0.424 50.0 0 2.500 0 2.871 50.0 0 2.500 0.348
BaP  1.000 4.469 100.0 0 25.000 0 5.802 100.0 0 25.000 0
InP  0.100 0.281 150.0 0 2.500 0 2.577 150.0 0 2.500 0.031
DBA 1.000 0.624 110.0 0 — 0 28.795 110.0 0 — 0
BghiP 0.010 0.032 200.0 0 0.200 0 0.257 200.0 0 0.200 0.285

x4 LE BOEMHANIFHEREEHNBENKE

Table 4 Carcinogenic risk through three exposure pathways for children, adolescents, and adults

FH Ttem 47 Winter K7 Summer
H/ME Min e RA Max SF-HAY Average e/IME Min R Max  “F-3{H Average
TEQu./(pg-kg™) 2.569 21.312 6.755 36.669 61.402 43.661
L ILCR 3¢ 1.28x10° 1.06x107 3.37x10°® 2.61x10° 4.36x10° 3.10x10°
ILCR gy 1.59x10° 1.32x107 4.19x10° 2.27x107 3.81x107 2.71x107
ILCR s 1 2.70x107" 2.24x107" 7.11x107° 3.86x10™" 6.46x10™" 4.59x107"
ILCRs 2.87x10° 2.38x107 7.56x10° 2.53x107 4.25%107 3.02x107
T ILCR s4c 6.69x10” 5.55x10°* 1.76x10° 9.53x10° 1.59x107 1.13x107
ILCR iz 1.67x10° 1.38x107 4.38x10° 2.37x107 3.97x107 2.82x107
ILCR s 4.59x10°"° 3.81x10™" 1.21x107™" 6.54x10™" 1.09x10™"! 7.78x10™
ILCRs 2.34x10° 1.94x107 6.14x10" 3.32x107 5.56x107 3.95x107
XN ILCR jste 1.23x10° 1.02x107 3.25%10°® 1.75%107 2.94x107 2.09x107
ILCR sz 2.18x10" 1.81x107 5.74x10° 3.11x107 5.21x107 3.70x107
ILCR s x 8.36x10™" 6.93x107" 2.20x10™" 1.19x10™" 1.99x10™"! 1.42x10™"
ILCRs 3.41x10°® 2.83x107 8.99x10° 4.86x107 8.15x107 5.79x107
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