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Pollution Status and Source Apportionment of Polycyclic Aromatic
Hydrocarbons in Soil of Typical Forest and Grassland Ecosystems
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100012, China; 2. School of Environment, Beijing Normal University, Beijing 100875, China)

Abstract: [ Objective ] Industrialization and urbanization have led to the emission of pollutants that can migrate and impact the
functions of natural ecosystems. Therefore, it is important to understand the environmental behavior and fate of these pollutants
as well as the factors influencing their ecotoxicity. This study aims to investigate the characteristics, sources, and environmental
impact of polycyclic aromatic hydrocarbons (PAHs), a class of persistent organic pollutants, in the soil of typical forest and

grassland ecosystems. [ Method ] Soil samples were collected from five typical forests and three typical grassland ecosystems in
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China. Soil physicochemical properties and PAH concentrations were measured, and the composition of PAHs was analyzed. The
source apportionment of PAHs was carried out using diagnostic ratio methods and positive matrix factorization methods.
[ Result ] The total PAH concentrations in the soil of grassland ecosystems ranged from 7.11 to 137.42 ug-kg ™, while in forest
ecosystems, it ranged from 10.87 to 976.47 pgkg™'. The highest PAH level (208.82-976.47 pgkg )was detected in Beijing
Xishan Forest. Traffic emissions and coal combustion were the main sources of soil PAHs in forest ecosystems, contributing
41.6%-55.9% and 18.3%—-31.8%, respectively. In grassland ecosystems, coal combustion was the dominant contributor to the
content of PAHs in soil, accounting for 39.6%-50.2%, except in Zhangbei Bashang Grassland, where traffic emissions prevailed.
Biomass combustion contributed more to grassland PAHs than to forest soils. [ Conclusion ] Although soil PAH levels in most
natural ecosystems remain relatively low, the influence of human activities on PAH pollution in these ecosystems cannot be
overlooked. Continuous efforts in pollutant emission reduction and environmental risk management are essential to protect the
functions of natural ecosystems.

Key words: Polycyclic aromatic hydrocarbons(PAHs); Source apportionment; Forest ecosystems; Grassland ecosystems; Traffic

emissions; Coal combustion
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Table 1 Geographic coordinates, ecosystem type, soil type, and climatic characteristics of the sampling sites in typical forest and grassland

ecosystems
- - 3 o 44 ARk
SR b g 23} 3 MR EBRGHA e
Mean annual Annual
Sampling sites Latitude Longitude  Altitude/m Ecosystem type Soil type
temperature/ °C. precipitation/mm

PO MEF  45367°N  127.533°E 282 i) LT AN R AT bR iy aged 3.7 656.4
Forest Mixed broadleaf-Korean = Dark brown soil

Pine forest

XSF  39.964°N 116.198°E 107 [ A I 111 Hs 4 4 12.7 568.1

Warm temperate Cinnamomi soil

deciduous broadleaf forest

SNF  31.764°N  110.685°E 1502 S HRHTH SRR IR SRR 1Ly b B A A 13.1 951.1

Subtropical evergreen  Yellow-brown soil

broadleaf mixed forest

DHF  23.167°N  112.533°E 419 75 XUH St o] i A piyaR: 23.2 1633

Monsoon evergreen Rhodic Ferralsols

broadleaf forest
BNF  22.022°N  100.878°E 976 P AR 21 5% 24.1 1139.6
Tropical rainforest Ferralitic Soil
FJ HLG  49.933°N  119.581°E 686 ) R 5L EL RN 0.0 352.0
Grassland Meadow steppe Calcic Chernozem
ZBG  41.102°N  114.913°E 1485 it AU 5T AL - 8.4 275.8
Typical steppe Calcic Chernozem
ORG  40.038°N  108.841°E 1 441 IRL A ELIEN 4.0 383.7

Desert steppe Calcic Chernozem

I:: MEF, WEJLILARFR; XSF, PUILARMR; SNF, MURZEZRbk; DHF, SR sk; BNF, POBUR AR, HLG, #FRI/RAE
Ji; ZBG, kILHE; ORG, T/RZWH )R, TR, Note: MEF: Maoer forest; XSF, Xishan forest; SNF, Shennong forest; DHF,
Dinghu forest; BNF, Xishuangbanna forest; HLG, Hulunbuir grassland; ZBG, Zhangbei grassland; ORG, Ordos grassland. The same below.

1.2 TEBUMRNESE FERE) P L R T IR R T

T3 pH AYME M Al (K © RRTE
2.5:1), AIEJEH pH it ( PHS-2F, &G, L)
WMZE o IS KRR EERINE . KT R
o120 H a6 T E 2 Hr i ( EA3000,
Eurovector, & AKF]) e AR & &, [ HT
Z 9 HT{X ( EA3000, Eurovector, i KA]) Jl%E +
A HLOR & Ao P LRGSR R TR G IE R
( ICP-OES, iCAP-7600, Thermo Fisher Scientific,

SR HTAY (LS13320, Beckman Coulter, E[E )
MAE, FE WAk, 2.00~0.05 mm. B K 0.05~
0.002 mm. Zik/NT 0.002 mm 434410,

1.3 11 PAHs §ENiKX %

AR EEME 16 FLEIES] PAHs, H6%E
(Nap ). JE4i ( Acy ). J& (Ace ), %5 (Flu ), 3E ( Phe ).
B (Ant), 2B (Flt), 2& (Pyr), KJFf[a]E ( BaA ),
Jiii (Chr ), ZKIF[b]2¢ B ( BbF ), K If[k]9¢E ( BKF ),
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ZIf[a]té (BaP ). —FJf[a, h]# (DahA ). Eijf[1,
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J7 ik RN bR, R A 5 - BT e R Y
( GC-MS, Varian 4000, 3¢ [ )l 22 , (1i%4: & DB-5MS
(30 mx0.25 mmx 0.25 pm ), HARIMT T 2 163
BR[17]. DIFSFES: PAHs JInARENSCRIEREE 75%~
108%, ik FFESMILER . ML A EC k. —
AR LESFE R gk, W A T LB T AR AR
A RAF], PAHs fnifEdh . Jift PAHs INARIE
AW RGN H 1 8B TR I A BR A .
1.4 11 PAHs BfEH 7%
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A (PMF ) X 38 rh 2305 58 015 el 1 TR 5] 5
FEAT o FEAF U (AL RT3 A 2 6075 e 5 A A B
15 YA RIBEA TR0 FIWT , T PMF A5 7R D) 5 Y00 00 45
it i e DR A 2B S DR, IS T R e R R
st 14 2 5 R A S

1.4.1 FRIEALG W) LA SEAF LU B 7% 38 2o 6 A
X AGE 145 26 22 1 5 e ik LU (ER A BT 118 PAHS
KW, Flt/ ( Flt+Pyr ). BaA/ ( BaA+Chr ), Ant/
( Ant+Phe ) H1 IcdP/ ( IcdP+BghiP ) B A 81 FaE
PE, WIYEN PAHs VETETS Y IR ARE ELIE, B8k
2T PAHs ARIEN . 45 Lo H A% BUE At 1
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Table 2 Sources of polycyclic aromatic hydrocarbons (PAHs) represented by ratios of characteristic compounds

[19-20]

Main source

[EA[) HfE (n) 51
Diagnostic ratio Range of ratio
IcdP/ ( IcdP+BghiP ) n<0.2
02 < n<05
n = 02
BaA/ ( BaA+Chr ) n < 02
02<n < 05
n>0.35
Ant/ ( Ant+Phe ) n<0.1
n = 0.1
Flt/ ( Flt+Pyr ) n < 04
04<n < 05
n>0.5

f1 iR Petrogenic sources
WAL A BB Liquid fossil fuel combustion
PR A Y AP IR Grass, wood, or coal combustion
il Petrogenic sources
A MR Bk BEIR Petrogenic sources or combustion
PR A Y ORI Grass, wood, or coal combustion
f1iMIE Petrogenic sources
PR BE R Pyrogenic sources
1M IE Petrogenic sources
AR AT RBHBE TR Liquid fossil fuel combustion
JR A W) B B UR Grass, wood, or coal combustion

W TedP, BiJf[1, 2, 3-cd]if; BghiP, KJf[g, h, i]iE; BaA, KIf[a]lB; Chr, [ ; Ant, &; Phe, IF; Flt, %H&; Pyr,
. T, Note: IcdP: Indeno[l, 2, 3-cd]perylene; BghiP, Benzo[g, h, i]pyrene; BaA, Benz[a]anthracene; Chr, Chrysene; Ant,

Anthracene; Phe, Phenanthrene; FIt, Fluoranthene; Pyr, Pyrene. The same below.
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Table 3 Soil physicochemical properties of typical forest and grassland ecosystems

Ep &S ER3 2R R
R A
Moisture/ pH Total carbon/ Total nitrogen/ Total phosphorus/
Sampling sites
(gke!) (mgg') (mgg') (mgg')
AR MEF 189.36+16.24ab 5.28%0.11¢ 23.52+1.40¢ 2.17£0.69ab 0.61%0.16a
Forest XSF 146.90+6.07b 5.88+0.45d 33.44+4.13b 2.77+0.62a 0.35+0.02¢
SNF 19.90+2.35a 7.05+0.20¢ 58.24+10.55a 2.70+0.60a 0.52+0.22a
DHF 16.74+2.92b 4.31+0.18f 22.64+10.79cd 1.87+0.84b 0.26+0.07de
BNF 15.80+4.09b 5.46+0.64¢ 17.36+6.47d 1.51£0.12b 0.23£0.12¢
Hi5 HLG 8.65+2.58¢ 6.78+1.11¢ 22.74+6.28¢cd 2.19+0.43ab 0.43+0.17b
Grassland ZBG 7.26+1.30c 7.97+0.19a 15.32+0.30d 2.11£1.19ab 0.28+0.02d
ORG 1.5240.77d 7.36+0.06b 9.97+4.67¢ 1.11+0.23¢ 0.44+0.08b
R A AL i hL g Rhoki
Sampling sites Organic carbon/ Sand /% Silt /% Clay /%
(mgg")
LN MEF 2.09+0.24bc 28.45+0.50d 52.00+0.51b 19.55+0.60¢
Forest XSF 2.59+0.72b 32.12+0.63¢ 45.59+3.50c 22.294+2.94b
SNF 4.93+1.32a 21.57+0.92f 56.24+1.46a 22.16+1.65b
DHF 2.15+1.03b 30.99+0.48¢ 33.73+1.48¢ 35.28+1.55a
BNF 1.29+0.42d 24.43+0.52¢ 40.84+0.62d 34.70+1.09a
His HLG 1.89+0.39¢ 30.45+0.78¢ 48.91+1.26¢ 20.65+1.00bc
Grassland ZBG 1.32+0.14d 58.11£1.69b 25.36+1.40f 16.53+2.84d
ORG 0.84+0.37¢ 93.16+1.07a 5.68+0.83¢g 1.16+0.26¢

e RHERAR R OGB4 B Y (LS13320, Beckman Coulter, 32 ) M5, #MEEMRL 2.00~0.05 mm ., ¥k 0.05~0.002 mm
FRL/NT 0.002 mm 439 o 3 PR RV [ AR 22, BN ] 2 B R R R [ AR 25 2R 48 P iz ds 4 22 5+ .35 ( P < 0.05 ). Note:: Soil particle

size distribution was determined using a laser diffraction particle size analyzer( LS13320, Beckman Coulter, USA ), and was: sand( 2.00-0.05

mm ), silt (0.05-0.002 mm ), and clay ( <0.002 mm ) . The data in the table are mean values + standard error. Different letters in the same

column indicate significant differences at the level of 0.05.
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53R PAHs 43154/ 1 RIE 2 s, HJEAA RS MEF31.81~164.40 ugkg ' . XSF208.82~976.47 ugkg
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. Nap, 2%; Acy, Jule; Ace, J&; Flu, 2j;  BDF, KJIf[b]2H; BKF, RIF[k]7¢HE; BaP, #Jf[a]tf; DahA, —ZJf|a,
h]H . BIPAN[R 2RE3R7R PAHs 4147 & it 25 5 .3 ( P < 0.05 ). N[, Note: Nap: Naphthalene; Acy: Acenaphthylene; Ace: Acenaphthene;
Flu: Fluorene; BbF: Benzo[b]fluoranthene; BKF: Benzo[k]fluoranthene; BaP: Benzo[a]pyrene; DahA: Dibenz[a, h]anthracene. Different
letters indicate significant differences between PAH component concentrations at the level of 0.05. The same below.

B 1 AR R A R S0 e PAHS 4143-% 84345 (a. MEF, b. XSF, c. SNF, d. DHF, e. BNF, f HLG, g ZBG, h. ORG)
Fig. 1 Distribution of PAH component concentrations in soils of typical forest and grassland ecosystems ( a. MEF, b. XSF, c. SNF, d. DHF,
e. BNF, f HLG, g.ZBG, h.ORG)
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LS 100 I BbF O XSF
I g [ Chr A SNF
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2~3¥PAHs Y [t
Percentage of 2 and 3 ring PAHs/%

KhEHb S Sampling sites

W oa) ANRAESERYG 3 16 i PAHs W EEH ;b)) ARIFF%EL PAHs T4, Note: a) Concentrations of 16 PAHs in different

ecosystems, b) Percentage of PAHs in different ring numbers.

K2 AFEAERGERAE R T HE D PAHSs (97K BE 21 S PR B0 A R AR

Fig. 2 Concentration composition and ring-based distribution of PAHs in soils from typical forest and grassland ecosystems

SNF18.86~24.80 ug'’kg'. DHF10.87~46.05 pg-kg ™',
BNF19.92~60.49 ug'kg'. MEF, SNF, DHF, BNF
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Fig. 3 Diagnostic ratios of PAHs in soils of typical forest and grassland ecosystems
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Fig. 4 Source contribution of PAHs in soils of typical forest and grassland ecosystems based on the PMF models ( a. MEF, b. XSF, c. SNF,
d. DHF, e.BNF, f.HLG, g.ZBG, h. ORG)
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