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B F: UKW R AT IE 223857 6 (PAHS ) S AR AR S A 25 XURSE , SR S T80 PH AT 1915 St TR A A
N T EF SR 10 A>3k a5 A0 RE FITCAR PR , A1) e S8 AT 3% (X (HPLC) I 5 1 5 [ BRIE PR 3 L 16 1)
16 fift PAHs (955 AL Z5RRW], BF5E X8 PAHs &5 15 HoAb 3t DA O AR AL T F 25 4 A 7K SF- , IXUBS: 52
o XPKMH PAHSs {550 A4S AE 73T 2 W1, PAHs S ST R BE e 1) 3 > s 300 Tl X 5 I X TR A 91X
3R, 7353 958. 39 685. 97 858. 57 ng/L, FHE LMK > T4 (2 ~3 35) PAHs Sy Fo SRATHCAELEE 0 E B 70 Bk
Xt PAHs [RRITHEATARAT , 45 R 12 X 2805 Y IO RS AT BE ik be , P A A il . SR AT AR 1 Y
(EFEE bR R BT IR AL S XU EA T, 253 R i DB S 80% DX SN 7E A 25 UK , 20 Bt X /A 7R
A 2SR SR B , A ) B A 2850 XS MR 3 5 g 0 M IX o SR P B800 A5 A0 B ok B2 (TEQ) P 12 IX Y E08 X
W, 25 SRR B Tl DX R 0l 1 088 XL 5 e, B0 S AU VR FE 43 50 204 L. 76 ng/m”
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TR KRR I8 32 200 3 b PAHSs 1973 A7 R U8
AU AT T WFTE, AH I, BT R I U A A 3T
b PAHs AT D o AR SCIEUR TR (2R 78
FE DA W5 R R, X 2 R
B AR SR A, AEFE W IN T R AT v PAHs 1)
OIAHR R T5 Ge ok R L N BUR A S XU, IF Y
BERRS TR AR AR RS PR R4 F L T &
MERAASHE L.

W fs HER: 2019-10-24 &6 H#7: 2020-02-21

1B ik

1.1 HREHEFR

TE I T8 90 Y2 e 7R AR A Y T X 3 B 47 A
VAT 75 R 1 SR B 91X, 2 37 TR A A sl B A AR
Fo TIPSR TN T RV (B 1), AR 4R
K YOS, B AR IR 7E & , VU AB MR AR A, AL AR £ A,
BAF B BT AL 0.6 km?, Bk Bk 0. 4
km?

FEWFSE XA 1 T HA R MR 10 AR
g ST~ S10 (& 1), Hovr S1.S10 i F
A 5 FVESC A, S2 .89 v T 28 38 = T3 fif il
H. S9 Z54 i3kl , S3 .84 .85 .56 fi F Tk X 55
B I, ST (S8 v F A XK
1.2 HRXE

F 2016 4 8 H RERZKIES TR EFE
Ao KRR T 1A S B R ROROR £ i 32000 72 7K
HZH TR EY) (SL 465—2009) , ffiH 5 L
PR ROK 25 R R 2 KA IR AA i TR ) 3

EEWA: [FFRE YR 51 RHE AL 5(20142X07101-012-004)
PEZ®IIT: 0 (1994—) L WL AT A BFFE7 B M BRI 5 A . E-mail :291424199@ qq. com

BEEE: & HHR,E-mail : zrpeng@ shou. edu. cn

http: //www. shhydxxb. com



244 T, S N TSR 22 R 05 e A S A S B A 285

R AERETHKEE A 50 mg BRACERARSN, fr IR BCOK BURFEHAR SR T ) (HI 494—2009 ) 22
SEAIRAR)E , [ RBE R IR 6 mol/L 8%, 6 SKREEATA nUREE  RERZVIBIAE i B T % 2
IRFE pH /NTF 2, By I R Se R AL 7 i A AN Y 48P, T 4 C R~ AT

FEfi, BT 4 C RO MR s RIZ VIR
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Fig.1 Distribution of sampling sites
1.3 HRPTLERNETE UEJE BYZKAE PRI I 2 5 mL/min,

MOKFE P EC RS P 2SR, 0.75 wm )5 HLB /MEFEE S5 T T A 15 mL —45
FUAR B I8 21 4 2k 98 /K RE , FR i Jm , $ R B ey 3 URPEME , WCAE VR IR o FF F /W ASOKs Uk
F A SO R AR, it SUPELCO BAHAEE  Widk4s 23k T, HIEC be (agah) e A5 =
UAEICRAE PAHs, ZEHCRGT 2 B 10 mL OEERT 1 mL #ER8 pERE, £
HBAEKIEVETG L HLB [EAHAEHUINE , SR 5 2 T DUV s 15 J5 ik s 1 100 H X1 ,
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R RFHER PRI S. 000 g i AR il , ITA 2 g
Na,SO, Fl 1 g Vi UEJ5 Hi s , LLEBRTURY YK
Gy FT . TE H SR P2 g A 100 mL — 4
BN BT SR [V W Be) : VONER) =1: 1}
HELEANE 24 h(65 C) o FIRWACH A Ul R
ﬁﬁmﬁaﬁﬁﬁﬁﬁﬁlmhﬁﬁﬁ%%
mL JE CUGEk e A (A LR 2 EARIR
A1 em JCKELEZEN,3. 5 g Florisil kAl 1 em JG
IKBREREN) ¥efl , I 50 mL S e FlE C b TR
AW V(AR VOESKE) =203 ¥l H A
Py AR VR, I R WA e 4 2 1 mL, B 2 2
mL B SRR R

PI A T RE ff 35 5% I SP-20A 15 AN 1.3
ACCHA B HEA B 0 D 58 ) B 358 O 7 240
FERY 16 F PAHs FTab ik i, 354 AL5 24 ODS-
P(4.6 mm x250 mm x5 wm) , VL ZHE-7K R i sh
o BEEEVEBLAEF 2 0 ~7 min, V(IK): V(L
i) =20:80;7 ~17 min, V(/K): V(ZHE) =
0:100;17 ~42 min,V(/K): V( ZJE) =20: 80, {4
F55) 60 min, MEFEHE R 1 mL/min, AN
Ky 254 nm, JEFER N 20 L, SMPRYE E BT
SR 13 o PAHS , HR A ARG i FR73-531)
Ay (ANA, 0.15 ng/L, 1. 64 ng/g) . B (ANT,
0.14 ng/L, 2.94 ng/g) % B (FLA, 0.19 ng/L ,
3.15 ng/g) .FE(PYR , 0.22 ng/L., 0.94 ng/g) .
JE(CHR, 0.46 ng/L , 4.92 ng/g) &I [a] B
(BaA, 0.15 ng/L , 2.59 ng/g) A& If[ b ] 7 &
(BbF , 0.13 ng/L , 2.54 ng/g) I [ k] % &
(BkF , 0.12 ng/L, 1.92 ng/g) . K I [a] EE
(BaP, 0.41 ng/L, 2.12 ng/g) . —#Jf[a,h] &
(DBA, 0.13 ng/L , 0.67 ng/g) \EiFf-[1,2,3-cd]
BE(IPY , 0.15 ng/L, 0.66 ng/g) .JE(PHE, 0. 21
ng/L , 1.16 ng/g) A& g,h,i]JE(BPE , 0.62
ng/L , 1.61 ng/g) ,H.Ar PHE 5 BPE HYEPTFR
HOE R o A PR HER , XA St R AT BT 5 45
il , SR FH N B 5 i ik AT 0 [mT S 8 S 5, I %
L S S i RS ST T L S
71.3% ~ 112.4% , ~F- 17 ¥ b AH X A5 UE (i 22 72
20% AT
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2 4k

2.1 7k PAHs [REKE R 5 HTEMN
2.1.1  ZIFFRUREE K oA
TSR] K 22 340 05 Ja8 Jo s vk B2 G 11 2 Jorr
,/\Mmﬂjgﬂﬁkx 11 Ff, Horp 3 362 Fh 4 38
4ﬁ5ﬂ4ﬁ6ﬂlﬁ L3R (2 ~3 ¥F) PAHs
Oy T RAR AR, 2 LIA RS IE AU B, Buk
g RbE T, S3.S4.S5 il N £ BR R T R vk
i T H A 3k 25 (P = 0..001), 43 51 2 958. 39,
685.97 858. 57 ng/L,3 A uk i F Tk IX 53
ST, NN TG shik £, 5 Je i HE R & T 1
DX I, {75 9% X 35, PAHSs 5 e 3 25 oAt IX 95,
o S7.S8.S10 3 45 £ ¥R 35 & o vk B A AIK
(P=0.009) ,3 ™3k o J& FBl 222 g AR L, LA IX
{22 MR R 5 A% B A8 B Ak VG # 30 2% , PAHs i
/i did A A NP P R SE R Y DN E SN
IR B Z NN AT S, X T
M X UL B TR 58 X 3 A 3 4R B ML X, 22 B0 05 e o i
W BEAR O A o A% T A5 B E H RO B AR Ab 2 A
s s TR, zﬂ%ﬁﬁimmﬂxﬂiﬁ
H5 R BTG AR BT ATV A PAHSs R E 5
] R A T /K M4 PAHSs [t B (3% 1) X EL AT
L ZF T IR K A PAHSs i i B v T S0
“E’iﬂdﬁ)ﬂm?%ﬂ% ARTF AL S KT Bk
R, SMACK B HoK M4 PAHSs 4bF v 4575 Y
m¥o

¥ Six rings
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) 438 Four rings
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— —_
Do S
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1 000

PAHs i Bk
Mass concentration of PAHs/(ng/L)
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/A Site

2 KRR EIE PAHs [REIRE

Fig.2 PAHs mass concentrations with different

ring number in water sample
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F1 BERAREARHES PAHs REIRE
Tab.1 Mass concentrations of PAHs in

different rivers and lakes in China

W, PORIRIEHIE g
Research area Mass concentration Reference
range/ (ng/L)

PR Yanweiwan Village 119.50 ~958.40  AfifF5%
75 Chaohu Lake 95.63 ~370.13 [18]
J+111 Zhoushan 382.30 ~816.90 [19]
%7K Dishui Lake 66.20 ~269.00 [20]
HiifF Caohai 13.40 ~694.93 [21]
KA B

Wuhan in the middle
of Yangtze River

M2.00~6325.00  [22]

2.1.2 SRUEEHT

PAHs [P IR LA 2% , i # FIAN[R] PAHs 5
FAIAR A9 Ll R R0 T 88 58 VR A R AE B Oy 4 T
YUNKE 2" 5 5% % # BaA /( BaA + CHR) <
0.2 EEJ A3 ; BaA /( BaA + CHR) =0.35
JHREETER; 0.2 <BaA /( BaA + CHR) <0.35%
B FR R IR A AE . W& 3 frzs, S1.,S2.,85,86
B YL R A TR, S3 . S4 A Sl A T D
PREIESITFAE , ST S8 .89 . S10 3l i T E 5 YL Y5 Ny
WRBEIR . Z5 BN, ARG e E B A AE e R
DX AN T X, A R 75 e T 243 A T A0k X N
Ji RIX

0.5 5

=3

- RE:

0.4 . . _ﬁgw

o

g e s

=}

g 0.3 38

Lol o— 2

{:g n @28
5 0.2 =

& = " 8

0.1 £

3

N

0 . <

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
Vi Site

E 3 sk{frh BaA/(BaA + CHR)
Fig.3 Ratio of BaA and (BaA + CHR) in water

WA 22 34057 )8 i A R R, ] LUK H e
2 ~3 R4 ~6 Fho Gl H N LA IR E
ZIIFRETT I, 2 FOM 3 B PAHs (LMW) iy
7 18 FU R g 5 10 RAJRE e AR b S A AT R AN 52
SRR B ) ER Z 7 ReTs e, 4 ~ 6 3F

f) PAHs (HMW) & 8 8%, 24 LMW/ (LMW +
HMW) FEER T 0.5 1], Ay J2 2835 Bl £ il
W54 LMW/ (LMW + HMW) 98 /h T 0. 5 1, Tl
I E BTG YRR R % B
GHNETT i, X Z IR IR IR HEAT T W8 A
Wro WAL R LMW/ (LMW + HMW) ({6 40
4 JR :S1 ~S6 Bl i UEHAT 0.5, %X E 25
QeI AT IR, X 6 > i3 32 20 Ja RIX AN T
I A S Y B Ak 7)™ 5 ST ~ S10 3 AT EE
E3/NT 0.5, 25 GO IRBE IR, 2 IX J2 52
AR X 38, AT R p AT A5 AR 8 57 A B
.

—

TR
0il source

LMW/ (LMW+HMW)

A A A A
MW A O o N 0 © O

PRIFIR
Combustion
source

S1 S2 S3 S4 Sb S6 S7 S8 S9 S10
V5 Site

B4 ks LMW/ (LMW + HMW)
Fig.4 Ratio of LMW and (LMW + HMW) in water

F2 857 53 B v 0 7 5 G W R TR T TR
IR, B KR M RIZ T R E 2T
RV, ARz A R EF X 10 ASFE S
PAHs JF ik B AT 1 B4 20, 4R BT 4R AE
HAFIH3IANEF(E2),3 MHEFHEM
ZTHERFE R 95.972% & T E R E B
o W1 APREm Ll 4 ~6 305 £, Hisp CHR
BaA S BERIRBEUR (A48 7R 0, FLT SRS #1185 e 1)
TR, % T AR R R AT SR B T
T2 v ANT IPY .CHR #7455 , ANT #l CHR
IERIRBERITE R TIPY iR e R A
Femyy, M7 2 & R RERANIRS
U5 - 3 Hr L BKF (BbF 2 5=, BKF SR U5 R 753
R BOF 7 iS4 VR R S8 A thbe
AP IR T 3 5 SO AR, RSN T R
B UEEFIES b S Qe PR A TR ST
FIRAE VR4 R AHE T LA S/ 5 il R, i
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LT YT A B RS SE ) BT AN
%2 PAHs £ O HHEFHEE

Tab.2 Load value of principal component

analysis factors of PAHs

PAHs PC1 pPC2 PC3
ANA -0. 146 -0.663 0.499
ANT -0.936 0.627 0.115
FLA -0.307 -0.636 -0.524
PYR -0.001 0.189 -0.252
CHR 0.765 0.296 -0.270
BaA 0.008 0.025 -0.009
BbF -0.032 -0.015 0.610
BkF 0.929 0.047 0.536
BaP 0.110 0.003 0.159
DBA -0.012 0.011 -0.021
1PY 0.912 0.569 -0.095
Varianccjzoﬁmﬁ)?t\ii rate/ % 74.430 18.740 2.802

RBUr 22 TR

Cumulative variance 74.430 93.170  95.972

contribution rate/ %

2.1.3  7K{& PAHs B XS TEM

AR SO B0 KBS PN R DA R I [a ] 8
(BaP) b Z B8 Ay 209 55 20 T & Wk B2 [ TEQ
(BaP) ]7"  BaP F# P48 , A B 1 4 AF BF 5T
BOH 784y, ASHEFE R LA BaP g2 B B 808 2550
HF (Fop) TR TEQ, AR

Que =C; X Foy (1)
2 Qu BUE S8 TR E , ng/m* 5 €, PAHs
R ng/m’

WK 5 FroR, 43 A3t S1.,S4.89 3 s i
TEQ % /5, Y8 F 0.5;83 355 TEQ 4 0.1 ~
0.5; A ulh iy TEQ ¥/NTF 0.1, Horr: 28 JF
La ] EEER DURR R B K, o 49. 9% s R IF [ k] %
BRI D19 =R [a, h B EIIR( 1,2, 3-
cd] 6 BTER R AE 10% A4, At vimk R R
40.9% ; Hoor Z2 3105 F B BU8 DTk R BAIR
2.2 REMRY S PAHs REH B EHWIEM
2.2.1 PR PAHSs BTt o3 8O oA

DU RN ULV 10 ARAF AU 13 i 230
I, A5 RN R 6 TN S4.S5 .86 45 s
Tl X5 5758 XA N Ry i Bl R B0 X, TR
Yrh Z 305 K i o B (P =0..002) 5 A i
SFNIE P 30 2 DT h 22 B8 05 8 o i 43 BOR
Z AR X UTRR W v ) 22 B8 05 4 o i o3 B0 A1 .
K4 BRUMARD 257 (1 73 S b i UL B
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PAHs J& & 43507 0 ~ 100,100 ~ 1 0001 000 ~
5000, >5 000 ng/g i, 7 H4b TR P R
FEFNE TS Gy . AR AR E , S1 ST S8 i s sk T
BRRETG YK, ARl 3 A T B TS oK R
S7.S8 uli s AL FA BT, ST 3k i o R R IX,
HJE I oA B, 8 1) %t , PAHs HE B 1 3
B0 IR 2 UURY o PAHSs [ &2 S0 K
S5 3l m AL TR G K IR Ak, PAHS 5T 43 B
o [, A5 [y H A AR A S DT R 4 Hh PAHS
FER AL (3R 3) AL, B M T VTS AT
PAHs Ji 40 $04d T v 6 AR /K, ixX 5 87 15
2834 25 B R I U KU B9 4518 — 3K

1.0
0.8
0.6

0.4

BUW S BUR BIRE

Carcinogenic equivalent
mass concentration/ (ng/m?)

0.2

0
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YRR Site
BS KEPHBUESHRERE TEQ(BaP)
Fig.5 Carcinogenic equivalent

mass concentration TEQ( BaP) in water
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Fig.6 PAHs mass fraction with

different ring numbers in sediments
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BRI %9 A0

K=wppn/1 (2)
K K MBS R 2 wpan, N 230057 JE R i 5y
Bong/ g ATURYI IS YA IR (E. PAHSs
KPS MR AT LS 3 2657 4 A /N
T 10% R FE AR/ A T 10% F1 50% 2 1) 3%
AN EERZIR 3 KT 50% FRFE M . AR R AR
(ORI AR SRy K < 0. 1, IIA Sk TG vk 72 XU
0. I <K <3, MU e KSR, 3<K <7,
WUJEA A $ A R A 3 R 4, 7 < K< 10, I T A
AR o, K > 10, WA A7 7 A 25 AU

*3 ERARERMRIETRY P PAHs RENH
Tab.3 Mass fraction of PAHs in

sediments from different rural areas in China

St ) it

BRI 5 Sl
Mass fraction range/
Research area Reference
(ng/g)
BT R N
Huzhou Yanweiwan Lake 12.4~610.3 A
ZRITH I Dongjiang River 24.2 ~238.5 [35]
WAL T} Xinghua City 673.6 ~2 286.8 [36]
SYLTH Wujiang City 219.5 ~1628.6 [36]
B4 Yixing City 93.0 ~266.5 [36]
e A K
FATA B 45.6 ~210.9 [36]

Liuhe district, Nanjing

ARYBEFERI R S b, A 73. 8% 1 B is
TR PR AAEAEAE SRR o e ) ) 22 34
FPRERIRESL R, anEk 4 AT E (ANA) FE S5 3 %
1) K B R 1. 65, W% 76 A= 25 XU M 28 3 A1
(PHE) 7 S8 ¥l s/ K {54 0. 06, RAEFEAE K
5 5 BUCANT) 78 S3 3 g1 K AR 0. 03 , ANFEAEA:
A ; 98 B (FLA) 76 S4 3 5 KA{E R 0,19, 1%
TEAE SRS BE R A B (PYR) 7E S3 . S4 3l 55U Y
KAESYNT 0.1 A FEAE VR A 25 AU 5 Ji (CHR)
TE S2.S3 .84 S5 .56 ufi s K AH¥FE 0.1 ~3.0,
TRAEAE S XU MR 2R A AT [ a ] B (BaA ) 7E S4
S5.56 uli M K fHB/NT 0. 1, NFTERFEAE DS
JAURS: ;49 [ b ] ¢ B ( BbF ) & S4 (S5 .56 ,S10 ¥l i
1) KAEIFE 0.1 ~ 3.0, 57 AR 28 XURS ME R AR5
ARIF[ k] 5 (BKF) 78 82, S3 ufi j5 1) K {H ¥ 1
0.1~3.0, 1A S KRB K [a]
(BaP) 7E S2 3l s/ K {H Ry 0. 45, V578 A8 25 KU
BEARBAR; AT [a] BE (BaP) 7 S10 3l 51 K {H
5 0.05 AFEEAEAESKE; K H[a,h] &
(DBA) 7 S4 S5 .86 . S7 ufi i) K {HIFE 0.1 ~
3.0, TE AR A RUBS M R A AR TF [ g, b, i) dE
(BPE) 7£ S6 3l s (%) K {4 0. 07 , NAETEWTEAE
PN AN A2 S e ST O A R R N s R 2/ A8

F4 BERZUFTRBERYKER

Tab.4 Table of index K of polycyclic aromatic hydrocarbons at each site

fb4%) Compound S1 2 S3 s4 S5 S6 s7 S8 S9 S10
7 ANA - - - - 1.65 - - - - -
3k PHE - - - - - - - 0.06 - -
BANT - - 0.03 - - - - - - -
e FLA - - - 0.19 - - - - - -
I PYR - - 0.02 0.04 - - - - - -
Ji CHR - 0.15 0.17 0.27 0.23 0.39 - - - -
#I[a] B BaA - - - 0.05 0.05 0.05 - - - 0.10
#AJF[b] 9 BbF - - - 0.58 0.68 1.06 - - - 0.48
HIH[ k] FEH BKF - 0.22 0.37 - - - - - - -
%[ altE BaP - 0.45 - - - - - - - 0.05
— %3t [a,h]# DBA - - - 0.73 0.73 0.87 0.21 - 2.66 -
BiF[1,2,3-cd] 2 IPY - - - - - - - - - -
%3 [g,h,i]3E BPE - - - - - 0.07 - - - -

JAEI S 44

Notes: —. Not detected.

2.2.3  Hm RPN
WE 7 JrR :S2 F1 SO sl S TR Y TEQ i,
5334 2. 04 ng/m’ FlI 1.75 ng/m’;S1 Hl S8 i

TEQ A%, 4354 0. 01 ng/m’ F10.000 1 ng/m’,
R S50 ST v B T R, A X il e e
S2 3t ;N SO il s BT KU AH X 485 o

http: //www. shhydxxb. com
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Distribution and ecological risk assessment of PAHs in rivers of Yanweiwan
Village , Huzhou

CHEN Yihan, SHEN Luyao, PENG Ziran, HE Wenhui, PAN Yudi
(College of Marine Ecology and Environment, Shanghai Ocean University ,Shanghai 201306, China)

Abstract: In order to research pollution characteristics, sources and ecological risk assessment of polycyclic
aromatic hydrocarbons ( PAHs) from the rural rivers around the Taihu Lake, water and sediment samples were
collected from 10 stations in Yanweiwan Village, Huzhou City, a typical rural area around the Taihu Lake.
The content and composition of 16 priority PAHs were detected by high performance liquid chromatography
(HPLC). The results showed that the survey area was at the medium to low PAHs pollution level and at the
low risk, compared with other areas. According to the analysis of the distribution characteristics of PAHs
pollution in water, the three sites with the highest mass concentration were the mixed areas of industrial and
residential areas, respectively reaching 958. 39 ng/L, 685. 97 ng/L, 858.57 ng/L, and the PAHs were
primarily composed of 2-3 rings. The results of characteristic ratio and principal component analysis indicated
that PAHs mainly originated from combustion of straw and coal, and partly from oil pollution. The result of
ecological risk assessment of sediments indicated that more than 80% of the area were considered risk-free,
and a few areas maybe had a weak ecological risk, and serious ecological risk did not exist. The carcinogenic
risk of the survey area was assessed by the carcinogenic equivalent mass concentration ( TEQ). Results
demonstrated that the industrial area and the garbage station had high potential carcinogenic risk, and the
calculated mass concentration TEQ were 2. 04 ng/m’ and 1.76 ng/m’ respectively.

Key words: PAHs; distribution characteristics; source analysis; risk assessment
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