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Ceontents/, Soyrces , and Ecblogicﬁl Risk Assessment of Polycyclic Aromatic
Hydrocarbons (-PAHs ) in" Surface” Seils of Various Functional Zones in
Yangzhou City, China g
YAO Gheng'?, NI Jin-zhi>** | LIU Rui'?, YANG Liu-ming'?, CHEN Wei-feng’®, WEI Ran'"
(1. School of Geographical Science, Fujian Normal University, Fuzhou 350007, China; 2. Institute of Geography, Fujian Normal
University, Fuzhou 350007, China; 3. Fujian Provincial Key Laboratory for Plant Eco-physiology, Fujian Normal University, Fuzhou

350007, China)
Abstract: The contents and sources of 15 US EPA priority polycyclic aromatic hydrocarbons (PAHs) were analyzed in 59 surface soil

samples (0-10 e¢m depth) collected from six functional zones, including cultural and educational area, park, residential area,
vegetable garden, gas station, and industrial area, in Yangzhou City. The toxicity equivalent content of benzo[ a]pyrene (TEQ, ) was
adopted to assess PAH risks in soils. The results showed that the contents of Z 15PAHs in soil samples ranged from 21 to 36 118
pg-kg™", with a median value of 295 pg-kg™'. The composition of PAHs was dominated by 4-6 ring PAHs. The average contents of
Z 15PAHs in various functional zones in Yangzhou City was in the order of industrial area > gas station > cultural and educational area
> vegetable garden > residential area > park. Correlation analysis showed that the contents of Z 15PAHs were significantly positively
correlated with the contents of both TOC (P <0.05) and BC (P <0.01) in soil samples from whole Yangzhou City. However, the
contents of Z 15PAHs had no significant correlations with the contents of both TOC and BC in soil samples within each functional zone
except gas station, in which the contents of Z 15PAHs had a significant correlation with those of BC (P <0.01). The results of PAH
ratios showed that the sources of PAHs in soils of various functional zones were mainly from oil leakage and the combustion of oil, coal,
and biomass, although there were some differences among them. The values of Z TEQ,,, of 15 PAHs ranged from 2 to 4 448 pg-kg™'
in the soil samples of Yangzhou City. According to the standard value of 33 pg-kg™' of z TEQ,,, for 10 PAHs in the soil

environmental standard of Netherland, 45. 8% of soil samples exceeded the standard in Yangzhou City. The percentages of soil samples
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exceeding the standard of various functional zones in Yangzhou City were in the order of industrial area (70% ) > gas station (60% ) >
cultural and educational area (55.6% ) > vegetable garden (50.0% ) > residential area (30% ) > park (10% ). Hence, in all the

functional zones of Yangzhou City, there were some soil samples with potential ecological risks, which was relatively higher in industrial

area and gas station, and relatively lower in residential area and park.

Key words:; Polycyclic aromatic hydrocarbon (PAHs) ; functional zone; soil; source; ecological risk
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Table 1 Contents of TOC and BC in the tested soils/g-kg ™'
EEX . BEfh S
glidsd s #h
(BEAED 1 2 3 4 5 6 7 8 9 10
TOC 5.11 12.99  13.38 5.14 14.00  21.00  10.86 5.81 9.83
CHIX(9)
BC 0.82 3.23 1.94 2.99 5.13 4.70 2.33 3.17 1.89
ARI(10) TOC 2.95 5.97 4.76  42.72 7.21 8.95 8.53 4.27 1.94 2.99
BC 0.75 0.59 1.23 1.09 1.03 0.99 0.97 1.08 0.64 0.72
TOC 12.47 4.51 8.43  16.10 11.33 2.58 5.88  10.19 4.87 1.37
JERX(10)
BC 1.54 0.63 2.39 0.57 0.68 1.05 0.56 1.54 0.74 0.42
SEH(10) TOC 6.76 8.24  13.26 3.87 13.38  13.86  15.88  14.96  12.58 8.97
BC 1.37 2.02 3.21 0.60 1.01 1.63 1.00 1.17 0.90 1.20
s TOC 3.96 16.56  12.99  18.17 1.38 1.90  24.79 6.20  16.05 12.28
finmsk (10)
BC 0.47 3.62 1.34 1.68 0.55 0.43 1.41 1.95 2.39 1.60
TR (10) TOC 10.98 54.18  13.02  10.09 23.07  10.94 4.82  31.90  12.98 4.12
BC 1.83 3.62 2.28 2.04 5.88 0.90 1.49 4.39 2.51 2.15

T JF[a,h] B (DahA) K[ g, h,i]dE(BghiP) Al
EiFE[1,2,3-cd ] 1 (InP) . J& K BYDECRUN 8255 , A
S A I E |
1.4 ﬁg%”—?ﬁJ

i 2 [a] A HHA T PAHS {tm( EPA610) fifik.
FEHPAHS AL AW o B 800 - kg 7 vf:an‘
A I 1 AR B R, 4 N f ?%{3w¢
(977 BE P THEORISE . 15 Fh PAHS Slzi’éllﬁ]llﬁi(g,
L A81% 2% ~112% +4%. T BRS
1.5 KOS ST o

%Tﬁfﬁ"ﬁﬁ*ﬂﬁf@ﬁiﬂi Origin 2017, S'PSS-*

22.0 *ﬂ .Arcgls 1070 255k
2 _néﬁfﬁtle

2.1 AFEIIREXFRIZ L PAHs 54t er fiE
2.1.1 AFIIREXERIZE L HEH PAHs %
ANFZIREX K2 L3 15 Fl PAHs & 1 L%
2.k > 15PAHs SRDRE  ARIIREIX R 15
PAHs 22K, D 15PAHs B HIE K
AN A Tl DX > gt > SCHIX > S > J& RIX
>80 TolkIX > 15PAHs By 21 ~36 118

pe-kg ™ FHIE RS 817 pg-kg s AR D> 15PAHs
MO N 24 ~ 354 pgkg', FRME K 166
ng-kg ™. 7 FEUETE PAHSs 255 1K NIUT Ky
Tk IX > SCEX > finish > S > B R IX > A,
Hrp Tl XSF 44 2 2 989 pg-kg ™', A B SE 2 &
N 76 ng-kg ™' X HAZ N T XOR R T B IX % )2 +
Her > ISPAHs f i 5 3CHR([5,15 ] FPHGHE 19 45
R AFEIR A /] D) g X 3% 2 1 ¢ PAHs &

P AL AL A i 34, Tl XORUn il 35 PAHs 75

E'-E_ EI’J

B TOCHIX i R X R ST g IR J,:,Jm:ﬂe
ﬁzﬂ@juﬂ‘ﬁn_imiiz,,ﬁ\f%ﬁﬁ aJJ%‘B/\ﬁFﬁJl-tHjt
EEm,/ﬁ;fPEﬁjtiB PAHs F%%ﬁ/\%&mr
e HHTI&EWAMEF@@J%@FMEE%#(
Iﬁ%m&%/ﬁﬂﬁﬁkﬁﬂzm%ﬁ 3 S e PAHS 4
HZ. Jm«élﬁmﬁj W*ﬂzﬁj—‘pi%{mﬂb%ﬂﬂ EEﬂ:jQ
SEHLEZEBEAE LB 3 30 4334 A 2
B4 PSR o sl e Tﬂiﬁﬁﬁﬂﬁ,iﬁﬁ;ﬁ
HERISCR A e S 1SPAHS A A e 3%
o TR Y S T X A 55, HLEh AR
TR HE A R PAHs 32 B gk AR 9 + 4
o SRR PAHs A . T SCEX s ERLY)
TRAF=ARE SR B A5 TR T8 I WG 55 1 AL I, 4
PAHs & 5 A X4 = nl B 55 752 el P9 AL 2l 22 40 o 13 45
ZTHER R AR K.
2.1.2 AFIIHEXR)Z - PAHs 4 BURFAE
K2 A TIREIX 2 5 PAHs B9 4L it
fiE. BAORE AN IIREIX £ )2 158 PAHSs éﬂﬁj‘zu
4 ~6 ¥ PAHs 2y F'" 5 15 Fb PAHs & & Ay
85. 6% ~90. 4%, HH L L) 4 3 PAHs lﬁttrm,z ~
3 ¥ PAHs 5 LA X387 O PAHs S 1Y 9. 6%
~14. 4%, HHp 2 31 PAHs 5l & K. 2 ~3 ¥F PAHs
F A 25 ) #57 J FREE figt B I S D A3 1 A v 5 i
T H 2R, s ATl X A Nap #1 Ace AO RS H
REA> B R 60% I 10%, Ho & DI RE X A T A A dh
FRARKH Ace; B IRIX SCEIX AR HLH Nap ARG H
FOBIH 20%., 30% F1 40%, 11 4> el BT A R 5 R
Kt Nap. AR, Byt F0 Tl X H 6 5 PAHs
FEARRTEE T, 20 90 A 23. 5% F1 24, 2%, 7 Bel Al R
X1 6 ¥ PAHs (& HLAH X 8AIK, 43 3158 11.19% F1
13. 8% . AR TRE X %2 3 PAHs 41 BURFAE 19



1850 woom B % 41 %
R2 AEHERXRRELTES PAHs SE BaP SHLERE" /pg kg ™!
Table 2 Contents and TEQg,p of PAHs in surface soil of various functional zones/pg-kg ™!

SH NHX Al JERX St Tk Tl TER?)
Nap n.d. ~13 3 n.d. nd.  nd ~10 2 n.d. ~35 8 n.d. ~40 14 n.d. ~413 57 0.001
Ace n.d. n.d. n.d. n.d. n.d. n.d. n.d. nd  nd ~12 1 n.d. ~59 6 0.001
Flu n.d. ~5 2 n.d. ~4 1 n.d. ~7 2 n.d. ~12 3 n.d. ~19 4 n.d. ~550 63 0.001
Phe 14 ~147 51 5~54 18 8 ~105 37 12~71 38 6 ~246 62 6 ~4367 549 0.001
Ant 1~16 5 1~7 3 1~11 4 1~9 4 n.d. ~37 7 n.d. ~425 52 0.01
Fla 20 ~304 101 8 ~67 34 10~191 61 17~153 72 10 ~481 117 5~5202 84 0.001
Pyr 11 ~275 85 3~48 23 4 ~148 41 12 ~134 56 3~397 82 4 ~3654 547 0.001
BaA 9~141 46 1~23 13 n.d. ~67 25 9~76 32 5~204 66 2~2312 510 0.1
Chry 4 ~218 56 n.d. ~34 13 n.d. ~102 23 3~96 34 n.d. ~249 50 n.d. ~2810 417 0.01
BbF 11 ~242 68 2 ~44 19 nd ~125 32 9~116 46 2~218 76 2~3915 736 0.1
BkF 4 ~88 27 1~18 8 1~43 12 3~39 16 n.d ~109 28 nd ~1163 184 0.1
BaP 6 ~190 55 1~27 13 1~90 25 7~83 33 1~235 60 2~2335 349 1
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