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PAHs in surface wetland soils of the Pearl River Delta affected by urbanization: Levels, sources, and toxic
risks
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2.Environmental Development Center of Ministry of Ecology and Environment, Beijing 100029, China)

Abstract : Surface soil samples(0~10 ¢cm) from a typical rural river wetland (RRW), an urban river wetland (URW) and an artificial wet-
land(CW) in the Pearl River Delta(PRD) were collected and analyzed using GC—-MS to investigate the contents, sources and toxic risk lev-
els of 16 kinds of polycyclic aromatic hydrocarbons(PAHs) in these three wetlands. The results showed that the contents of 16 PAHs in the
three types of wetland soils ranged from 625.0 to 789.2 ng- g™, with an average of 666.3 ng+¢™'. The mean PAHs levels of three types of wet-
land soils followed the order CW (736.4 ng-¢')>RRW (639.3 ng-¢')>URW (625 ng-¢™"), with higher percentages of 3, 4, and 5 ringed
PAHs in RRW (81.42%) and URW (89.35%) soils and higher percentages of 2—4 ringed PAHs in CW soils. Among 16 kinds of PAHs,
higher naphthalene(Nap ), phenyl (Phe), and benzo [a] pyrene (Bap) contents were observed, with average values in the three types of wet-
lands being 98.68 ng-¢ ™', 109.8 ng+ g and 140.92 ng- g, respectively. The main sources of PAHs in CW and URW soils were derived
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from the combustion of coal-based fossil fuels (e.g., coal, oil, etc.), while in RRW soils, a mixed source of wood, oil, and other combustion

and petroleum emissions was observed. According to the Maliszewska—Kordybach analysis method in the Netherlands, accumulations of

PAHs in the three types of wetlands were all in the levels of moderate pollution, with some biotoxicity for fluorene (Fle). Ecological risks of

PAHs were assessed using the soil benzo[a]pyrene (TEQs.,,) toxicity equivalent concentration and risk evaluation method for the commercial

value of ecological risk of PAHs. The three kinds of wetland soils exhibited medium levels of ecological risks, following the order CW>

RRW>URW, and 69% of the isomers (including the Bap, Phe, etc.) were at a medium risk level, while benzo[a]pyrene (Bap) toxicity equiv-

alent concentration was the highest, with the biggest contribution to total toxicity equivalent concentration. The environmental pollution

caused by human activities due to urbanization in the PRD cannot be ignored and certain measures should be taken for wetland recovery

and remediation.

Keywords: Pearl River Delta; wetland soils; PAHs; source; risk assessment
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Figure 2 Composition characteristics of PAHs isomers in three types of wetland soils
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Table 2 Source identification with compositional analysis of

PAHs in soil samples

KL Phe/  Fla/ Ant/ Fla/ Baa/ Tp/
Plots Ant Pyr (Ant+Phe) (Fla+Pyr) (Baa+Chr) (I1p+Bgp)
RRW1 7.39 077  0.12 0.43 0.48 0.41
RRW2 947 122  0.10 0.55 0.54 0.45
CW 785 1.14 0.1 0.53 0.50 0.46
URWI 932 1.09  0.10 0.52 0.47 0.41
URW2 933 1.15  0.10 0.54 0.50 0.47
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Table 3 Concentration of PAHs toxic equivalent(TEQ) in

wetland soils

PAHs TEF  BEQ(RRW)  BEQ(URW) BEQ(CW)
Bap 1.00 126.00 116.20 90.40
Nap 0.00 0.08 0.04 0.15
Acy 0.00 0.00 0.01 0.00
Ace 0.00 0.00 0.00 0.00
Fle 0.00 0.03 0.03 0.04
Phe 0.00 0.13 0.14 0.15
Ant 0.01 0.15 0.18 0.16
Fla 0.00 0.06 0.06 0.06
Pyr 0.00 0.06 0.05 0.05
Baa 0.10 2.24 2.60 2.70
Chr 0.01 0.22 0.26 0.29
Bbf 0.10 3.67 4.00 435
Bkf 0.10 1.56 2.18 2.68
I1p 0.10 0.00 0.02 0.52
Daa 1.00 16.60 17.20 17.30
Bgp 0.01 227 2.06 222
TEQ 153.07 145.04 121.08

TEQ/Y PAHs 0.24 0.23 0.16

ng-g)>CW(121.08 ng-g™") , E AL H 1Y TEQs {H ., iX
FEE R PR T 2 A T A 1Y R R B
JEE W) 5t (Bap 1 Daa) , 3 H HAG 5 5 1Y TEFs 5 8%, o4
16PAHs TEQ fE ] 90% LA I, 3= 3 55 o 1) A= ) 53
PE. RRW Hl URW HA3 AL (% TEQs FAHXT TEQs {H.
(TEQs/ X PAHs) , X A] G 5 W 2SI 152 5% i M i itk 5%
s AL P YR R A G . 6 2004 ARG8T, B
X T % 7K HE SRR R 3 164.52 J7 v, Tolb & S HEik
524342 m®, AN TR = A b X AR 2 G fr 40 (0 A
K, HHT, 4 KA 5000 2% £ 44, 5 LLHE
TSI E MY B AL TR T R, i TR X
A K R AEEEIMELL S H 2 — H S P,
IR DN K R AR T Y [ A

CW - 58 HA AR /KT 19 TEQs 7T B8 -5 B iz 1Y
TR o A B Y R 1 28 3 R AR IR T AR A e i K
b A 3 T e R R A SR AN T
H LA R ) A RE T, TEQ/ X PAHs fE#AIK . AR
g R T KU 1 3 R B N A R A ) (CC-
ME,2010)", iz X A7 H () TEQs #{I% T 600 ng-
g LK

PAHs BRI Y, 16PAHs £F 25 KUK £5 9% 1 3¢ 4 fir
7N TE =251 BR T Chr Bkf, Daa . IP Fl Bgp {4
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1) RQNC<1 (4 CW [ Daa 1 Bkf, {1155 4 i BA 1K B
AR SR R A AR KU 1, FEAY PAHs BRI RQue (H 3
KF 1, RQuee (HII/NTF 1, BoR R p S8 KUK 2. SR
Nap HLRTE CW 15 1 £ 38 H 9 RQuee 4 1.06, K F
1, Bon RS K o [RIE Al =2 1 S
PAHs ) RQue (E 34/ F 800, 1H RQupe, B K F 1, BR
I Sl P 5 N U S S AN = e B 7 5 1 e e 5N ]
PAHs JCHH 5 1 A= A5 XU, {H A /0 5 PAHs SR A7 e h
SR g i - R N T N = 92 W ) N I i =
M, AT B R IG L,

R4 =R TR BKPAHs B NCs F1 MPCs & (ng-¢™")
Table 4 NCs and MPCs of individual PAHs in sediment and soil
(ng-g™) of three type of wetlands

RQue RQurec,
PAHs RQ RQ RQ RQ RQ RQ
(RRW) (URW) (CW) (RRW) (URW) (CW)
Nap 55.36 2043 106.14  0.55 0.29 1.06
Ace 2.75 6.67 2.42 0.03 0.07 0.02
Acy 1.25 3.50 3.25 0.01 0.04 0.03
Fle 26.17 28.50  29.75 0.26 0.29 0.30
Phe 24.94 2831  29.98 0.25 0.28 0.30
Ant 12.58 1533 13.67 0.13 0.15 0.14
Fla 2.20 2.18 2.33 0.02 0.02 0.02

Pyr 53.50 41.67 45.17 0.54 0.42 0.45
Baa 8.96 10.40 10.80 0.09 0.10 0.11
Chr 0.20 0.24 0.27 0.00 0.00 0.00

Bbf 14.68 16.00 17.40 0.15 0.16 0.17
Bkf 0.65 0.91 1.12 0.01 0.01 0.01
Bap 48.46 44.69 34.77 0.48 0.45 0.35
Daa 0.00 0.08 2.00 0.00 0.00 0.02
P 0.28 0.29 0.29 0.00 0.00 0.00

Bgp 0.30 027 030  0.00 0.00  0.00
SPAHs 25229 22848 299.65  2.52 228 3.00

3 it

(D FES T b &R TS 50 F , BRIT = A Ui Ml g
2T 445 Y PAHs 5 R/ AN TR b o e i
VIG R RCINTRLTS: LN = A VR RITRATS: 8 & R S N = 7]
B AZE ERUE I [t 3R B 5 3
DL 3FR 4 FRHI5 A PAHs & 5 i i, 2 BRI 6 R
PAHs W%/ | 2 B BR VT = A1 YA [7] 4 H ) B XHE 3
T HEPAHS 15 YL SE I AFTE 2257 .

(2) BRI = YN AR AT 375 08 b 4 48 P 9 PAHs V5
YU UR T A A RERIAS 58 2080 (B ) , Rl HE L

TR A TR T30 T Tl 37 38 e R A T3 4 1 338 4 PAHs
FERE TR AW TR b . XL Z A58k
TR FLARDTIR 3  A FRiE— 2R 1)

(3)PAHs 7E 3 T £ B2 X (A T ) + 3 g
PAHSs 75 5 B 2 8 T8 Tk 75 4 X CRORT ) 37 Ak
m ), H =25 3 JE FrhEis e, hmiZk
JRUBSE P 7 1% B TS 45 SR 34 R BR VL = A = Fh 2
UV Hb 1 5 PAHs 240 F o 25 XU ZKF-, (B A7 48 PAHs
BAPR AN - JE RIF[altl) HAA B s Y ik B A7
FE R AR KU, 75 BER U DG it E A iR BRI IE 42
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