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FEE 1A LR M b DX 32 B AV VAT O T 4 A R A A RRAE A BT AN RO K IBOK AR R A R AR SRR . A
MM IX 3 4 B AR PRI . K I AT 43 Hr 6 B e 4 )8 B0 & 8 F0 25 (6] 43 A, 2% 5 4 8 ¥ e 48 Sk
CHPD F1 4 Fh U 2 A 3 (SSD) 47 A4 B RS 0 #r . Cu.Pb.Zn. Cd.Cr, As RV 4> B4 12. 46 ~1 830.01,
2.94~372.79.19.58 ~435.04,0.06 ~0.79,14.11~192.98 Hl 1.59~63.95 pg/L, I {E 4 5 H 801. 68.73. 80,
168.61.,0.26.81.06 Fll 23.53 pg/L. HPI AR EIH, 04 . F2 A1 il A2 4 v 4 )8 V5 Y ¥ & F1 ¥ 7 75
PR A ,01.02,03 1 A3 75 Y4 A2 B AL s Horpoxd oK i 3 4 Jm 35 Y STk R B B Y 4 R EE 4 JE 43 9 A Cul Ph,
Cd Ml Cr. SSD KM 253 W, Cu.Zn . Cr I As 76 BT 3 A7 19 2 B4 i A A KU, P 7E O4 Rl A2 sl i 3
BHA A A AU L U I 3 5 A IR 4 R T AE XK AR AR A R AR e . 2 Aok AR TR A T E 4R

PR TE R S R HE AT 1T AN L RE A AL B — I M 5 R AR L O AR TE

KR AT AR s AR S KU PR A 5 3N
hE %S :Q958.116 XHkARERD A

4 A P RS PE O A R S BOL AR A B e
B R IF I E SR 8, 75 S B R AW
2 (Dou et al, 2013;zhang et al, 2015; Yi et al,
2017 FFMB 45, 2015) . KA v i) 0 43 ) e 3 o i U
ALy 1 W A P i 2 4 4 A O 2 N AR A L TN
0 PR 4 S T YR B K A A TR A7 B R TR
(FREIE5.2018) . [RIEF KRR E 48 2 & A
Yy EEAAE B T OB b G AR, 2016) 02
e 7K PR 35 0 i 1) T AR A .

TN AL T W7 VL 48 K R, 4 T Bl e T AR 2 Oy
1.16 X 10" km® , Tk A& 3K TR1 3t 15 2 A 1 A B H Ak
e TR R B 4 A5 BT R RO T Ak T ATk (R AR
2017y, FBAY2EZ VAT T RN AT B DT ALY
SEMA (G 3CRE 2017 RIT% 2012 4k 645,
2017) , 5RAR I A5 (2016) Xof i M 30 e v 3R 3 J2 T AR
18 4 )8 (Cu.Pb.Zn.Cd.Cr.Hg. As) By & & 17
TR R BLEE X A A FERVE R s VL H BT
PR AR X35 25 6 N B 58, % i N 32 22 A0
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WG VL . s VL TSR JZ KA 6 ik AE XU 7
BEmHE4JE (Cu.Pb.Zn.Cd.Cr. As) [ & & 17
G3AT s IR R TR 42 08 U5 Y 48 B CHPD 14 Bl U
G345 (SSD) ¥ #E 47 A2 28 KUR: 43 s DL & 3R VFAN F
8 XSk K AR 4 1 T AR A A KU

1 #Rl57F*®

1.1 HERRESLE

VRO M B X N 3 4% BB A b, ks
VLVZEVL,F 2017 4F 5 H 15— 16 HREEKEE, HEE
TR B 3 A7 AE M el DX X3 A 3 7 LT 1,

BEA IR 3 AFATHE  FEM 2R 0.45 pm (Y S
T 2T ok 58 1ok 95 L A 2 mol /L A Al R 1 980 K
RrRe S pH M2 <2, T 4 CAREAR I R iz
[ 55 56 2 56 WA i A3 B LA
1.2 @

A JE U RE R RO S SF B R Y
(ICP-MS, % [H Agilent 7500cx &) W 5 , % JH 285
TARMENZ AW B RS2, Cu.Pb,Zn, Cd,
Cr Fl As By & i BR 43 51 2 0. 020, 0. 003, 0. 320,
0.005.2. 250 #1 0. 056 pg/L,

1.3 EMFAE

1.3.1 #=4E 744855 HPD EIFMHEKE
YA AL T2 (Zuo et al,2016; Singh et al,2017),
45 2 NS HORE T DL 56 FHE ST R
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Fig.1 Location of sampling sites in the three rivers
flowing to the sea at Wenzhou City
{E . AT 255 VPG E 4 Jm X B R OK B R B2 . 45 Bk
BT IAUEARFEHER PR ER R 2 £ H
S I B A 1 E IS O ST — A PR R ORI
B, 98 I 38 #3245 BT A HE 1975 2 80 (Mohan
et al,1996) ., HItF LR Ny .
TS« D ERRAR I ALE

k
Wifsil @
VA @ ANEL R bR 0 T SR FE 4.
Q,.=1oo><<g> ©)
S,
PIIE e A YRR =
QW)

HPI=" ®

>W,

Kp W, M AESBIRRONE;Q N
i A4 R AR AR 0 TR R B HPL oY 42 R S
YPGB b N AR YA 0 LB B OB T A
—MBEL DS, NIRRT E SR W WREFREEC R
KA 4 R 1 SEINR B s N S 5N N E AR
TR K. TN AR AT 3 K R i R b 3R K B B R
HARE) P TV BT 8, 0 S, R TV 28K R
XTIV P L 45 Je R BE AR 1R

Edet 1 Offiong(2002) $2 t ¥ V5 e 72 B 1] 43 Ky
B AR 3 AN, Y HPI<W15 B, 15 e R AR 5 24
15<<HPI=30 B}, ¥5 §e fE B 45 24 HPI>>30 B, 75
PRRE R . ARICRHIZ T R
1.3.2 W AR ATk R U A A R TR

T LTS — Y Ff B0 — V5 Qe i Jr 2 T2 i [A] —
FG R — RV R dEE, B S AT RE X
— M (Kooijman, 1987) , 1% 7 ¥ B & #i 57 R il &
B2y T A RS Ly 2 e b N o TR AL 7/
BT A A 25 B PE A GRS AR 8555, 20145 T 2243
45,2017 4 FH A%, 20165 45 7214, 20125 Wang et
al,2008) . TEITA M8 A BT, b oK o A= 9 55 7
BRI 2 AR B K M Y SSD il £k 1 101G K
R 2 T U (Prasad et al,2001),

AR SC A e A [ 4 (2013) R A SSD il £k
I 6 43 @ X 5 Y0 A W e AR 1E AT Yk
JEAE CHC; ) T J6 2400 6 B {6 (PNEC) 2 HC; 5
AN E - CAF) By LU . AR 8 46 0 49 b 1) 85k
PEFN S 2 10 7 2R BOHE DA B R R A O AR L B AR
=3(ECB,2003) . iz F 08 7% #E 17 KU FRAE M i
S DR T P AV YT 1 4 R s e 1 L

HC,

PNEC= "+ @

JUBS % (risk quotient, RQ) 42 52 M 24 1% #k &
(NEO) 5 PNEC M 0fA . 24 RQ<0.1 B, KA 2
KB 524 0.1<<RQ<C1.0 B, A AR KU ; 24 RQ
=1.0 B, ) Ay A 2 XU

NEC

RQ=pNEC ©
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W58 IX R B 22.4~25.7°C s pH 5.60~7.96,
RHL T 3 37 4 1 Ml 1 1 17 288 VR 2 VT ) 5 S
PE, IIRE SR 3. 41~8.17 mg/L, BT 35 7 7Y ¥
it i 8.08~8.17 mg/L. 1 Z VT H K = 1.5 5
7E 3. 41~5.61,4.73~7.09 mg/L,

HEERAWESMHILE 2, Cu.Pb.Zn . Cd.Cr,
As BV 43 WITE 12. 46 ~1 830.01.2.94~372.79,
19.58~435.04,0.06~0.79,14.11~192.98 Fl 1.59
~63.95 pg/L,FI{H 551k 801.68.73.80.168.61
0.26.81.06 il 23.53 pg/L. XF Ho( M1 % /K 36 55 ff &
FRdE)H Cu.Pb.Zn,Cd.Cr,As B IV /K 5 b i (8
( 1000,50,2000,5.,50,100 pg/L), Cu 7E O1.F1,
F2 A1 i fii kR ; Pb 78 O4, A2 35 1 # #5; Cr 1E
O1.F1.F2, A1, A2 35 fi i b, X 5 % B 4 5%
(2007) A FE 25 R AH AL, I Cu Al Pb 1 S KAE 533l
9 1196.8 1 287.03 pg/L. WFRKIN&HEE S &
R B HRORE B K 25 ) 43 A AN X 2
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(The solid black line indicates the Class IV standard for water quality)

Fig.2

22 EEEFRBHITEMN
EEEB BB (HPD R R 1, KU
P FESBMLGETTRBEE R O4>A2>F2>
A1>F1>01>02>A3>03, ZIT4&ui{; HPIE
AEAEIE R 5.39~68.26., 1 K E|/MKIK N A2> Al
> A3LVEEVTI T AL R A2 S5 TE e AR B R
Wer) A3 Sl YRR K. R T H 48 £ 28 i
Hb AR A T X, BT 453 7 HPT {45k

Concentration of the six heavy metals at each sampling site

TR 3.8~79.10, B K FI/MKIK R 04>01>02
>03,Hd 01,02 5 03 shifii iy HPI (¥ <<15,75
YA FEAR ; O4 3507 K 79.26, B 1k 30, 75 YL FEE i
KAL) F1 5 F2 3547 % HPI{E 4> %1k 20.90
40.11, B F1 i 75 Y B8 B vh 55, F2 3 7 15 e 2
JEE . DK I R XA — i AN TR, O4
HF2 A7 85 T DXk 0, 28 0 A R X A
P B A Tk FE X, AT BB A7 7E W B 5 Y B4

*x1 BEWMMAELRETEIEH(HPI)
Tab.1 Heavy metal pollution index (HPI) for each sampling site
o1 02 03 04 F1 F2 Al A2 A3
HPI 12.80 8.90 3.80 79.10 20.90 40.11 30.60 68.26 5.39
G (S {iS {is ] 4 ] ] ] {is

&y HPT W 82 FUA 4r L WL 3, Horp Pb &
T O4 F A2 S A7 T 4 Ja s YL R B v R R AL R
FUE e 3 R 75 % f1 57% . Cr &1 p F2 35 47
hESEG AR SNEE, REE SN 775,
LEAR ALY HPTAE ., & B 4 A ulifrds Je 7 5 .
1 A3 7 75 Yo A 3 v S5 3R A O A 4 A Sl v 75 G R
6. U T P 3 A VA 9T 0 T 4 R VT R R R R X

G INNER- S ¥ V8 o R 9 AR/ UL B~V RS I
2.3 FRERRIE S TR RS M

AR 5 A 2 ] 45 (2013) 57 1Y B 4 I ) i U
AP £k . Cu.Zn As . Cd.Cr \Pb X R [ HC, {4
B4 3.46,25.54,0.50,1.07,25.43,234.06 pg/L.,
AR AR i 7 1 ST T B 5% ok B85 L A% il A 1Y) Cd R
{E S F H X B i HC; fE . Cu A As PR (B35 &
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2.21 F1 1.46, R A B XU, oAb A7 b b &4 A
K. B RQEFIW, 6 Fh 5 4 8 i A= 285 XUBS: HE P
3 Cu>As>7Zn>Cr>Cd>Pb,

3 it

SR I A (2016) X6 38 1 30T 7 T S T AR 4 v Y
LB IEAT T A KU PE A L 45 R R B 64.8 %6 1 v 7
Cu & 8 BFR . R Cr, H i i X #5434 76 BT
R VL BT R B, AR SCRF 5 45 R B Cu,
Cr 7 I AT IAT 1 DX 3 B 4 v L AR S AU K

Risk quotient values of the six heavy metals for each sampling site

W Pearson #H ¢ P 43 #1 (RStudio v1.1.463) &
TN T2 AU AT I KA v R G R T SRR h
1) 4 T B e 2 IR AR P L A e R BR 0.97, 3K
A AT YT G0 K A v 11 B 4 D X 30 R ST AR A P Y
HEHEBEIGRA—ERMW,

T4 J Tk R R A XU DA 4 SR B 2 BT RRL YT
KRV VEAAEE SR &S % ., HPL A @
ZER IR O4.F2, A1, A2 N5 e X I, 75 Ye 7
FIHH O4>A2>F2>A1(FE 1, St i x5
e 3l (37 B ST T Bl XA Jey A 3 F 2 B, O4 3l 437 J] Bl
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BRANRER 14 Z Tk FE X 5345, A2 35 07 J& LA
7RI EX,F2 s A 14Tk X, Al b7
LA 9 R TAkFE X, 3 Tk el X E 2 K&
4 i AL B B AT W] L 4 R s
YRR BE 52 BT A 0 Tl el X5 i A K

PR 7 ik a5 R EL R R L 2. HPL b i e
KA 4 FE4JE Cu.Pb.Cr Fl Cd, 7E SSD J5 ¥ PEA
S5 SR AR R AR AE A KUK . AN, HPT 25 2R 3%
B O4 F1 A2 57k =575 Y F2 B, Pb 19 HPT 45 %8 5
FeA3 50 75 % 1 57 %, SSD K WIAE O4 F1 A2 ¥k
£ Pb i RQ (E ¥ i AR R, 2 Fhos ik R B O4
A2 K3k M FE 5, H Pb sy /™ &, 2 57
T HPT J2 3 Tl 28 7K 21 5% 03 2 A o ) IV 28 4 o Vi
FEAE TR AT, T RQ A W2 AR 48 K AR S BE h AR
Yy 1 Tt 2 [ (B P A2 L 2 A IEAY kO R A A R TR
BT 45 B AR L i an, HPT 48 %45 5 8 oR O1,
02,03 Fl A3 i fir A Ik 75 Y 82 B, SSD 1T 4 25 £ 0|
BR Cu As. Zn Fl Cr £ B 25 4 A1 7 KUK

4 R 15 Y48 B0 CHPD) F ) F S0P 43 A 1
#2 H OAT R BN R BT O . e 2 AR
(2017) W FH HPT 25 %8 476 87 Jil 241 0 7K F 4= e v iy
B 4 R AT PR L R TR A R K R BE T Pb
FVERL (ND AT s 2202 (2016) 8 ] HPT B384 1 8%
T Y KA B B 4 S T Y, 4 SR 3 I A5 SRR 7 A
KW HPI g 6.46 ~11.95, /K HPI iy 4.53 ~
210.53 53 T RIR & /9 3 7 HPT 48 504 s =
TR (2018) X vV Ol R oK AR R 4 T e e AR
BB AT IR . 25 R & B Cu 19 RQ {5 4.87 ~
1313, A 7E 5 AR B RK . Zn B RQ fH M 1.28 ~
17. 06, T A sl v 35 SRy 8 2R A8 AU 5 A  (2014) X 1
T AL I Y PR B RE A P (As) Lok (Hg) IX 2 #f
S BEIEAT AT BB As 7E K PR FNUT RN v 2 R %
A . RQ M F- ¥ {E 43 51 R 0.24 Fi 0,23, Hg
TERAR P ARARS: , RQ {5 Kl 0.36, (B AE BT
Hh XU 458 5

x2 BUMNESEISEEL(HPL) Y TG REME ST (SSD) £ R 5 47 L&

Tab.2 Comparison of HPI and ecological risk assessment based on SSD for each sampling site

BT A 4 &8 80k (HPD YRR 43 A A2 25 KU P (SSD-RQ)

o1 PR, Cr & bR K, H YR Cd #l Cu Cu.As.Zn #l Cr RN & A KK, Cd A 8 4 28 KU
02 Mimm Cr di lb e R k& Cd #1 Pb Cu.As.Zn Fl Cr RI A B AESKE ,Cd il Pb v &5 A 28 KU
03 /L%;P?{EE Cr i lbfe Rk k2 Cd Fl Pb Cu.As.Zn Fl Cr A &5 A B KK, Cd A 45 A B KU
04 5 YRR L Ph W L KGR Cd A Cr Cu.Pb.As.Zn Fl Cr W M 5 A AR, Cd o &5 A= 245 XU
F1 “‘Mﬂ*rh LCr 5 Ee e R HK O Cd it Cu Cu.As.Zn Fl Cr IR & A S, Cd o A 45 A4 25 KRG
F2 ‘ﬁxhrﬂm,uﬁuﬁjﬁ H{k;‘i— Cd fl Cu Cu.As.Zn Ml Cr RIS KE ,Cd 1 Pb v &5 A 25 KU
Al V5 Qe R BE R L Cr 5 ek, FOR & Cd il Cu Cu.As.Zn Fl Cr A &5 A KK, Cd S 45 A 8 KU
A2 *G%&J*m Pb ¥ Ji 5t =, k& Cd Al Cr Cu.Pb,As.Zn Fl Cr IR w4 A KUK . Cd g b &5 A 25 KU
A3 15 YRR AR, Cr b de K k& Cd il Pb Cu.As.Zn Ml Cr RN FAES KK, Cd Ry b & 4 28 KU

25 b BRI O R TR 45 A VTN I 4 R T e R
JE B0 B 0545 R AR [ A 52 B 2 A AT L S i o
HPI P-4 2 0 52 7K 1R B 4 R 75 Y 72 3 v 04 3 A7 =k
DX 38k, P 3 SSD P ik a2 e kAR A W A
PR Y AR AT A B IR S WA AT R £
KA A PR AR S

4 Hig

(1)Cu.Pb.Zn.Cd.Cr.As B ¥ ¥ 14 5
7 801.68.73.80,168.61,0.26.,81.06 F123.53 pg/L.
4R BTG YL R 5 SRR A7 BT A TN el X A
B,

(2) E 4@ 5 P e FOTF M 45 R LW, O4 . F2 Al
VRO R VA g - R 3 =N D W DAY
JEF4E,01,02,03 F1 A3 5K, ARG HPI

BEKRNEE B NG GIERBRE R O4>A2>F2>
A1>F1>()1>()2>A3>()30 Ho st Kk 4 )8

15 gL DT ER R B Y 4 R G 8 4350 Cu Pb.Cd
Cr,

(3) 3 T Wy B ROV 0 A 2B 28 UG PR AN 5 2R 3R
B1:Cu.Zn.Cr Ml As 76 Fr A wli 7 i R I 0 = 2B A
KBS Pb 78 O4 F1 A2 357 3R B0 A v A= 28 KU S % A=
WIAF e = TR TR S B 1 . 6 F o 4 08 19 A 28 KUK
HEFF y Cu> As > Zn > Cr > Cd > Pb,

O PIRR T 1 AN ] f1 BE T B 42 I8 i v 7E 2R 28
AR HEAT T PP RE A AL 25 & oAb e . @ BT
Wﬁa‘f‘ai_fi HPT PP 160 22 1 75 G A2 B2 A DX B

L SSD Az 2 RS PE - T 2k T 2 32 DX 2R A
e 1Y 4 e L AT R T
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Spatial Distribution and Risk Assessment of Six Heavy Metals in

Rivers Flowing into Sea at Wenzhou, Zhejiang Province
XU Hui-tao"?, XU Xiu-li's WANG Li-ping’

(1. School of Ocean Sciences,China University of Geosciences,Beijing 100083,P.R.China;
2. Water Environmental Research Institute,Chinese Research Academy of

Environmental Sciences, Beijing 100012,P.R.China)

Abstract: Wenzhou City is located in the southeast of Zhejiang Province with industries that are associated
with heavy metals. In order to understand the basic situation of heavy metal pollution in the coastal waters
of Wenzhou City, we investigated the spatial distribution characteristics of six heavy metals (Cu, Pb, Zn,
Cd, Cr and As) in three major rivers flowing to the sea (the Oujiang, Feiyun and Aojiang Rivers), and the
potential risk posed by each heavy metals was assessed using the heavy metal pollution index (HPI) and
species sensitivity distribution (SSD). Water samples were collected at nine representative sites near the
industrial zone on May 15 - 16, 2017 (O1 - O4 in Oujiang River, F1 —F2 in Feiyun River and Al — A3 in
Aojiang River) and the six heavy metals were determined using ICP-MS. The degree of heavy metal pollu-
tion at each sampling station was closely related its proximity to the industry zone. The metal concentra-
tion ranges and mean values (pg/L) were as follows: Cu (12.46 — 1 830.01, 801.68), Pb (2.94 - 372.79,
73.80), Zn (19.58 —435.04, 168.61), Cd (0.06 - 0.79, 0.26), Cr (14.11 —192.98, 81.06) and As (1.59 —
63.95, 23.53). The HPI indicated that heavy metal pollution was high at sites O4, F2, Al and A2; moder-
ate at site F1; and low at sites O1, O2, O3 and A3. The metals posing the highest potential risk in the
three rivers were, in order: Cu, Pb, Cd and Cr. The ecological risk assessment, based on SSD, showed
that Cu, Zn, Cr and As posed a high ecological risk at all sites, and Pb posed a high ecological risk at sites
04 and A2, indicating that these five heavy metals all posed a risk of adverse impact to aquatic organisms.
The HPI and SSD were calculated and compared in this study to more comprehensively evaluate the poten-
tial ecological risk of heavy metals and avoid the shortcomings of a single evaluation method. We recom-
mend that the HPI could be used to determine the degree of pollution, and the SSD could be used to evalu-
ate the ecological risk posed by toxic heavy metals. The risk analysis carried out in this study provides bas-
ic information on a key group of contaminants to guide future monitoring and development of pollution
control measures.
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