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Pollution Characteristics and Risk Assessment of Polycyclic Aromatic

Hydrocarbons in a Suburban Farmland Soil
ZHANG Xiu-xiu, LU Xiao-li, WEI Yu-chen, ZHU Chang-da, PAN Jian-jun " :
(College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China) a5 1
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Abstract; In order to assess the pollution of polycyclic aromatic hydrocarbgns( PAHs)in a suburban farmland soil 129 sampling sites were collected around Nanjlilg acgording
o the grid method, and the contents of 15 different PAHs were determined. Acenaphthene( Ace) was not detected i any of the samples. The total content-of PA“Hs in farnland
soil ranged from 24. 49 10 750. 04 pg-kg ™", with an avefage of 226:64 pg+kg™'. The spatial distribution’ of high-ring-PAHs) the main PAHs in the farﬁ]land. soil, iWas
similar to that of total PAHs. #There was no significant gorrelation belwe.ep PAHs-and soil organic matter( SOM) , pH, cation exchange capacity ( CEC)+/and toial_ nitgogen
(TN), whereas bulk density and low ring PAHs were significantly th‘relatgd.ﬂ Thieresults of source apportionhent showjthat the méin source of PAHs in the farmlandsoil is a
mjxtgré' of cqmbustio..r_p'a'rlld petroleum. The contamination severity; in T (_]_SI’) index shows that the PAHs doés not'-l-)ose an Jccolog‘féal tisk. The results_of the klgahﬁ.ri'sfl J
assessment show thaluthere is 16 potential carcinogenic-riskato-childfen-or awdu'its, and the main sequence of €xposure|is skin contact> ingestion > inhalation. ~ ' —
Key words ; suburbai; fafmland soil; polycyclic aromatic hydrgéarbons(PAHs-)"';i CSI index; risk assessmént f ,ﬂl
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Fig. 1 Distribution diagram of sampling points
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Table 1 PAHs content in farmland soil

WH T TEF %/Mﬁ,j %jﬁﬁ;l %Zl&j{ﬁ;l ol B o 2%

/ng kg /ng-kg /ng-kg /ng-kg /%
% (Nap) 2 0. 001 ND 82. 40 9.28 14. 46 41.18
% (Flu) 3 0. 001 ND 9.68 1.90 5.36 32.35
34E(Phe) 3 0. 001 2.42 159. 30 38.29 26.20 100. 00
B (Ant) 3 0.01 ND 8. 00 1.48 1.16 82.35
B (Fla) 4 0. 001 7.90 247.00 79. 61 77.10 100. 00
B (Pyr) 4 0. 001 4.27 118. 00 38.87 25. 60 100. 00
HFE[ a] B (BaA) 4 0.1 1.00 24. 00 6. 48 5.61 100. 00
i ( Chry) 4 0.01 3.25 42.80 16. 47 14. 80 100. 00
I b] 2 ( BbF) 5 0.1 2.25 27.90 11.40 10.70 100. 00
S k] 5E T ( BKF) 5 0.1 0.41 13.00 3.85 3.73 97. 06
#FF[a] E(BaP) 5 1 0.49 15. 60 5.06 4.62 100. 00
Z I a,h]E (DahA) 5 1 ND 3.86 1.49 1.58 76. 47
Bidf[1,2,3-c,d] H (InP) 6 0.1 ND 16. 00 6.15 7.41 76. 47
#3F[ g,h,i]4E(BghiP) 6 0.01 ND 17. 60 6.31 7.09 73.53
2 3 2 — ND 92.08 10.98 5.63 —
3 3 3 — 2.42 176. 98 41.67 34.08 —
4 7 4 — 16. 84 418.20 141. 43 141.27 —
5 5 — 3.51 59.16 21.79 21.71 e
6 ¥ 6 — 0.00 33.60 12.47 .41 7
{RFF 2-3 — 2.42 269. 06 52.65 40.76 S
L 4~6 — 242207 490.85 | [175.69 167. 41 f —m
> PAH14 — — Y 2449 750. 04 22664 | 197. 51 }.J-i
> PAHTc — s 8.74 141. 66 50790 50.01 e A

1)ND Zeri Ak it 5 ZPAHM FR 14 ﬁ%ﬂnk
it ef) ) VI,

=

sl e il Tzumzjj [ 2 ﬂ@ﬁ@?
5% ()

"PAURPAHs X AL PAHs (19 TR R A0 A 3 Fon,
Fla, Pgr. Phe il Chry J24% H -3 rh (LAY, 4%
S & B PAHs 1Y 35.12%., 17.15%. 16.89% #lI
7.27%,5 B4 FIBFFEEE A7 2ot Fla Al
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Table 2 Correlation analysis of PAHs and soil properties

Nap Flu Phe Ant Fla Pyr BghiP BaA Chry BbF BkF BaP InP  DahA PAHs
pH -0.08 0.51™ -0.15 -0.17 0.02 0.10 -0.05 0.17 0.06 0.03 0.07 0.09 0.01 -0.08 -0.02
SOM  0.39" 0.13 0.42* 0.45* 0.25 0.21 0.00 0.00 0.14 0.03 0.10 0.13 0.02 -0.11 0.26
Py, 0.63™ 0.51™ 0.65" 0.68™ -0.45"-0.53" -0.43"-0.29 -0.31 -0.25 -0.20 -0.24 -0.32 -0.21 -0.54"
CEC 0.22 -0.07 0.24 0.19 0.17 0.08 -0.14 -0.12 0.03 -0.13 -0.21 -0.32 -0.06 -0.22 0.12
TN 0.37 0.11 0.36 0.32 0.23 0.16 -0.07 -0.08 0.06 -0.09 -0.19 -0.24 -0.05 -0.21 0.21
1) *£7R P <0.05, ™ FR P<0.01

Phe), Flu/(Flu + Pyr), BaA/(BaA + Chry) #ll InP/
(InP + BghiP). fk ¥/ PAHs (LMW ) F1 & ¥ PAHs
(HMW ) () HAE A0 ] DL 1 H 3¢ B PAHs 19 Ok
PRV LMW/HMW > 1. 00 /R A, LMW/ HMW
<1.00 FRREETR. 1 4 (a) i, T A 3R 5
B LMW/HMW #/8NF 1. 00, Z BT X PAHs %

T L Ab A W R HE SR AR XA, e LAl

HAT M (B B R BB B L e BaA/ ( BaA +
Chry) Fil InP/ (InP + BghiP) X} PAHs eI 477
BaA/(BaA + Chry) /NF 0. 20 A1, /v F 0. 20
F10.35 Z 8] kg Ay R AR B R TR & R, KT
0.35 JgA IR | it B oA A= Py o (4 AN 52 4 Ik be s
InP/ (InP + BghiP) /N T 0. 20 K A7 i, A+ T 0. 20
F10. 50 Z[E] A A0 w58 2R KT 0.50 -
I BEaR S A A R AN S8 Ak B A 4
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Fig. 4 Characteristic ratio of PAHs in farmland soil
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HATE 071 048 0.80  0.85 0.87 091 0.9 0.87 0.93 4 0.93] 089 0.86 0,92 f 0.90 |
®iEE 1020 - — — = — — 40|\ - (& A9
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Fig. 5 Spatial distribution of CSI index in farmland soil
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Table 4  Carcinogenic risk of three exposure pathways in children and adults

WA JL#E TN
ILCRyg ILCR gy 1. ILCR e CR ILCRyg ILCR g 1. ILCR e CR

KfE  6.70E-08 1.30E -12 8.35E -08 1. 50E -07 5.23E-08 4.06E -12 9.29E -08 1.45E -07

f/IMA 2.73E -09 5.30E -14 3.41E -09 6. 14E - 09 2.13E -09 1.65E -13 3.79E -09 5.92E -09

FHME 2.40E -08 4.65E -13 2.99E -08 5.39E -08 1. 87E - 08 1.45E - 12 3.33E-08 5.20E -08
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