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Abstract
Based on the testing data of surface sediments in Hangzhou Bay, this study reveals the latest con-
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tent and distribution characteristics of heavy metals such as Cr, Cu, Zn, Pb, Hg, As, and Cd. Multi-
variate statistical methods were used to analyze their influencing factors and main sources. Pollu-
tion status and ecological risk were assessed using the geo-accumulation index method and the
potential ecological risk index method. By comparing multi-period data, the recent changes in
heavy metal pollution in the study area were discussed. The results show that the overall distribu-
tion of heavy metals in the study area is high in the middle and low on both the east and west sides,
controlled by sediment types and organic matter distribution, with terrestrial input being the
primary source for Cr, Cu, Zn, Pb, and Cd, while Hg and As mainly come from anthropogenic pollu-
tion. The geo-accumulation index assessment indicates that the Hangzhou Bay area is generally in
a clean state, but the north shore near the coast and some sites in the southern part of the bay
have medium potential ecological risks for Hg and Cd. The average contents of Cr, Cu, Zn, Pb, and
Cd showed a trend of first decreasing and then stabilizing from 2008 to 2023, which is related to
coastal construction, economic development, maritime activities, and the enhanced pollution con-
trol efforts by national and local governments to reduce terrestrial discharges. No significant
trend was observed for Hg and As during 2008~2023. Future efforts should focus on strengthening
the monitoring of the content, distribution, and trends of Hg, As, and Cd in the study area.
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1. 5|15

IAESR, WML IX H R 36K 0 TP AR =R\ 875 B il R IR AR ) B & @ TS Y [1] [2], LR
TS Xk, LS A, WA EAE AR, 5 TiERE SRR F a4, FEaTseRe
B 7K AR B AR DR N N B0, 0PI AR S PSSR N SIS 1) {8 e 3 R K £ 5 [3]-[6]1 - BTV
PR DU 2 Bk B KI5 R B SE [7], KIS AN i i X 85 Rk, T R IG5
R, R LR DORITARY A DL S5 A Wik o 8 3 HE I EE 4 J8 70 R AR [8]-[10]0 BT K T AR X 48 B 4
J& Y ARRFAE RN TEAEZS KU 0T 78 L B TR 2 R . i 07 %5 (2013) %t 2010 4F-R EUTAY) + 5 4 )
BT T vPAl, 45 SRR BAUNIE HITAR Ab TAR AR IRES[5] . 54/ F45(2015)FI H 1996~2012 41
GO, RTINS Je AR IR E PR h B S R I A ARRHE . SRURFIAEZS AR EAT 78R, 8 Hh Bl YR
& P42 0 28 4 i T AN [R) A 0 I 2 8 DA R i /K IR LG S il AN S i 1 2 4 R o 3 I AL ORI o A, FFEIX
SRS S, Hg fil Cd 2 FEAESKEERE -, KEsEeEIcRE 1996 | 2009 4 A 2 FFH
h, 1F 2009 F 2 JEISA (4] 22301 2E(2021)FIFH 2018 4R RFR TR, XF 7 FhE &8t T T AL,
SE R P R Zn ‘= SRR AR A, WO VB 7 AR 2 R S5 AR [3] o (X ST 5 bl T U 32
MZER, E&BMEE. SARHEMAES KGNS RAFAG—. W H, 1E RN TR A
BRLET TR AF=MAE T AR LR 4R R A 115 Yl i ARG B i ) S, X
FHFIRPUARY) B R & MM AL IE G . ASCHRYE 2023 3R ZUTRRMIR 7 Hr 5 k), R A 48
Gtk ot TR th E A R S B RHE . SRIE LG R R, KA R EOE IS L
A RS A FE BOE AT S LR AE S KBS VP, FR456 2008 FEA0 2017 AFEHkE, X o AF R AR Lk 3
BEAT TARVE, BTN AR S IR BT B S AN O DA SRR R R F S (IR A 4
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2. M55
2.1, HmARFARRELE

2023 4EA1 2017 3K Z PUBIRE SRR T e AR S PR BT IS0 H (1] 1), 2008 4 HERk KI5 T [F 54 10
WAETH, YAEZERME, HE 38 MHARALE 5 . B IR RAE, SIHGRE 0~2 om HIUTARYRE
i BT ROBETEEAGFT 4ACHRIA A T B2 = AT FEMPREE. AE, g5, b
P E X e AT [11] [12].
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Figure 1. Map showing the sampling positions in the study area

1. AR AR IS L E

HUIE B A SR TR ASUA K L BRI RS S P R ER B AE MU, /S Im BRI TR /|, B S R 3% i 1
Fl Microtrac S3500 ZYBGHL BEAGHEA TR 23 AT o BIUE SRR AL S LT 5 FH D B B ks oK, A
Axios PW4400 2 X 566 7 BT A (XRF) AT B0 AlLOs S 1IllE . IRWIFE S HNOs Al
HCIO, Vit R AbFE 5 , {8 X series 1 Y H B & 55 B9 1 G (ICP-MS)ill 2 # 42 J& JC % Cu. Zn. Pb,
Cd. Cr &, flif] AFS 930 JE 7o ETHIE As Fl Hg & 8. KM BB EL - EREERHT
WE G HUBK(TOC) B . R HFE G EL 15% L] AT FERIBRAEY BV ot 4% ], S R T 52

B K A Surfer11.0 11 Origin 2018 #4-HI7E, N SPSS19.0 B AFHEAT AH I 2 A AR F- 43 #7

2.2. IR E
HEJR NI — 2K JUR PN ik 45 & 4] [5]. ARYE 2023 SE ¥R, R Hh BAL e Hokxd it
FUIX GBI AR ST VPN [13], SRR A S XG5 BUE PN I I A A A [ 14]
Hi AR R 5 (Index of geo-accumulation, lgeo) 24 3 A :
lgeo =09, [C,/(15B,)]

X CoEE)® n i, By NHMERIL AT S0, ASTRGE TR, RAIWTFL X K AR ) <
J& BT SAE4] [15] (2 1) lgeo fEL5 EBJEVG AT HIR RN 7T H[13]: A lgeo /N T 0, IHHIRE; 0~1
IR FE R >3 MR E LG G
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Table 1. Summary of heavy metals contents of the surface sediment in the study and adjacent areas and the criteria (ug/g)
F1. MREXFBDSFAREMAIPES R TR S EGIT RERFE(U0)

5iH GECL) A
Cr Cu Zn Pb Hg As cd L BRI 1)
Ty 57.20 2550 62.90 18,60 0.048 505  0.099
WM AR 7881 37.00 9510 3400 0056 801 0200 AW5(2023 £F)
W/ME 2110 750  26.00 7.60 0.031 367  0.050
T S SEHE 4955 1959 5403 1819 0.044 576  0.106  AHFFT(2017 4F)
IR b FHME 79.94 3141 97.83 2307 0053 310 0.320  AHF(2008 4F)
WEFE AR — Fhm it 80 35 150 60 0.2 20 0.5 SCHR[19]
WU FH¥ME 50.90 2352 107.30 3280 0.049 299 0510 CHR[5] (2010 £E)
BUMEE K AR F3ME / 2320 7840 2630 0.080 827 0112  CHA[4] (2012 4F)
BN FYME 4832 2250  69.39 2193 0050 545  0.100  CHR[3] (2018 £F)
KL 3 F¥IE 66.80  15.07  67.40 2249 0.030 7.08  0.060 CHR[17] (2006 £F)
WL R i it FHIE 89.86  36.89 108.74 3215 0.041  6.09  0.134 CHR[18] (2017 £F)
AT 4Bk iR K E 90 50 175 70 0.25 15 1 SCHR[14]
U Sl 97.00 2060 80.50 21.00 0.039 9.99  0.102 SCHR[4] [15]

K1 Hakanson (1980) M 7EAEZS & 5 4R B0k HARYE At 7 5 4 @ P24 (7 Al X PP Fn i 77 18 %%
[14], HAAN:
Cy= ZCfi = Zc,imu/cri
RI=YE =XYT'xC|

A CUE AR —EERBMIGR R, Cly, WESMEE, C) NI R, Co RILHURLS L Fh
SIRGRRBLA, REEREE SRS BITREE. EAE—-ESRMBEESAHERY, L
G TR NIGYRE, TR SR BRI T, B LR R [16], A SCRA Hg =40, Cd
=30, As=10, Cu=Pb=5, Cr=2, Zn=1; RIEXAGEBEESEERL, £ R iRy
AN E G R TG YA S R BN G A . YN SON: E <40 BRI <105, WTEERRRIK:
40<E, <80 H105<RI <210, #{EAA MM R4, E =808k Rl >210, 7L LK.

3. &R 57He
3.1 EEREERDHEHE

WFIX 2023 LE R E VIR E 4 J8 7T E Cr. Cu. Zn. Pb. Hg. As. Cd ¥4 &34 N 57.20. 25.50.
62.90. 18.60. 0.048. 5.05 #10.099 pg/g (% 1). Sk b5 0BT F BT SORBOH 2, (KT RO
WL A R BB [ 17] [18]

I 2 ASRFE R Cu B B R (R DT I 24 HE(GB. 18668-2002) 1) — 2 britk,  HAth 4 X4y
SRFE S Cu FIFT RAE s A B 468 & 27 & —BhriE[19], 5T AR 7258 A0 — 51 [3]-[5] -

Cr. Cu. Zn. Pb. Cd & & S I Ay b 358 s i VG S0V THOR 25 S ANBHR A 0 AR RFAE (] 2), IR TE
R U T bR BT I R R X o Hg As IS S ARFE A B 5, e B DRI X 2 AH 18] 5 A s
SR BRI X AL RIS e T R B
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Figure 2. Distribution patterns of the heavy metals (ug/g) ((a)~(g)), and TOC content (%) (h) of the surface
sediment in the study area
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S CIX R Z VR 7 Bl 42 )@ e R AN Al Osy TOC LA CF5RI4R L f & il Pearson AH G 43 #r
(2, n=38), 4iREW], HeREESTRYTEREMAETMRGEE2), SHESERF LM, &
AT T 2% = ORR A v B S S SR AR LA R R Ok Y, LA 3 B2 BT R R 4 . T
RPN I SRR T3 A 5245 T IR KB 77 56 AF[20], AN TTARY 1 32 BRI NIt Y AE i T 72 [X 4R
AG DS i 0 A A BT E N Y, BE R AR AR AR P S DO X R R, < B G R
PFEIA[20] [21], FERCh e HAL B T I SR i e (B X o 58/ 155 (2015) R F 7 th 45 L ke /g
iz B Pl 1 NS B A0 AT g 4 ) AL IR 93 A [4] W XX DU B JR & B 5 TOC & B Al
K(# 2), ATRHAEAL(E 2), RIPIFZEIH T AR Hg As 704l ELETHLEL, Rom it 32 33
MR IR . BRI SR AE H, VIR Ho As I8 & 5 IR A W) i Ri[22], 58
Z 2B R DB SF AT FRIA RS R R IR [4] .

Table 2. Correlation analysis of heavy metals contents (ug/g), Al203 content (%), TOC content (%), mean grain-size (um)
and clay portions content (%) (n = 38) of the surface sediment in the study area

2. MIRXEEREYTESEESEWg/g). ALOsEE (%), TOCEE(%)FTEITHRIIZ(um). TR A2 (%)X
41t (n = 38)

Cr Cu Zn Pb Hg As Cd AlOs TOC  “F¥RifR Kit&E
Cr 1 0.842" 0.606™  —0.250 0.612"
Cu 0.816™ 1 0.766™ 0.863 —0.593™  0.732"
Zn  0.839™ 0.898™ 1 0.874™ 0.750" —-0.480™  0.638"
Pb  0.844™ 0.970™ 0.872" 1 0.840" 0.836™ —0.492™  0.743"
Hg 0.467™ 0.573" 0.415™ 0.588™ 1 0151 0592™  -0.376"  0.675"
As 0161 0.344° 0223 0.325° 0.478" 1 0.172 0.380°  -0.183 0.223

Cd 0761 0.921™ 0.865™ 0.891” 0460~ 0.271 1 0572" 0786~ -0484™ 0568
*AE 0.01 KPR R 2EADE, AE 0.05 KT (RN L 2 AH G

3.2. EGRKIRSHT

FHRAE TS KW : Cry Cus Zn. Pb. Cd Z[AIFHOGMEREZE, [FINF, BT 5RO 4050
oz el Y XA R T 1 2 B ) AL Os 5 B IEMIOR[23] (% 2), RIIEA LR EFEEMA . Hg. As 2
LR AT S HAb S Jmc s . TOC LUK R & A e Al 22, LIS ALOs MG %, 1A —
IR AN

K 3 Bt 4 ik (Principal Component Analysis, PCA) i — 48 7 iff 71X 5 4 i I R YR AR (R [24]
K K7 22T IR T lieds, B i FHEE N 2 ANy, BRI % 82.34%, Al UARE T 45K
IMERGE 3). B MITTERE N 69.91%, Cr. Cu. Zn. Pb. Cd. Al,Os. TOC FIUTAWH Ikt
FOORL & BB TE SR — A XA A A R I 3T (G5 3), 5 A DM o3 # o L IR - (A7 E S8 3 A DG MR I 5
FH 8 TR A E S8 0 R E IR A KRR R X BRI P dine NI AR 7=
AEHES,  HEREARUR TR AN I A A MU S R T AU R Z TRt . w5 BB A AT
1 AT MU AR A v K 22 B0 4 3[R RV T % b el YA TS TR0 R /K R AR I i Y46 [4] [24]
W TR B TTRREE N 12.43%, Hg A1 As EAT B 1 IE B AT, BT 78R W], Ho A1 As EZORIET A NT5 4%,
W =R A AEF= R R 2. ALARIIaR B DL N R A 375 K IR HE SR [25] [26]. 49/NF25(2015)F 7t 3%
BH H 4 JB 7 AN [R] A o 1R % 46 S it /K SR B TS G e it L IX UAR ) i Hg A1 As I EEZERIE 4] ARAE LA B b,
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YWABMHIERZIIRI ) Hg A1 As 32 5245 078 DI 3 15 RO AR TS D 5. 7341,
TOC ARG -5 BB AL SR — o A AR I R8T, 4 S ARME a2k, BT TARY R I AR AT A
MU B 4 1) F DN 43 A N i SR I R A T (52 0K FRORG R ZE IR . BORSEIEH N IR, 1%
8 UL AT DU AR I R i B TR 6] [25] [26].

Table 3. PCA factors information of heavy metals of the surface sediment in the study area

R3. MRXEEMRMESERFHNRIER

JAy
PSR
1 2

Cr 0.886 0.087
Cu 0.927 0.313
Zn 0.934 0.116
Cd 0.903 0.186
Pb 0.922 0.308
Hg 0.402 0.757
As 0.041 0.872
Al;03 0.816 0.273
TOC 0.779 0.452
i 0.696 0.433

3.3. SREEMBEESKEIT

WHFEIX 2023 SER RV H & )8 o 3R BARFEBOTO 45 RAR WINTN IS U AR A TR IR (R
4), AEILREMITHES Cd 1S R ILEGS, AT RS GRS . WEASKSIEN 4R EY, BFTIX Hg
AN Cd BAT AR AL A KU, A 34 SR 5 (7 B RAE £ 89.4%) 1 Hg AT 10 SR ki (1 4 KAF 11 26.3%)
[ty Cd WA NG RELE KT 40, HAEEIRTEM E B/ T 40,

Table 4. Pollution and potential ecological risk assessment of the heavy metals of the surface sediment in the study area

F4. MRXPRYPESE T RSRIEEMESRETTN

RAE L cr Cu Zn Pb Hg As Cd
S -1.63 -0.78 -1.23 -0.90 —0.44 -1.42 -0.62
lgeo =N} -0.88 0.26 -0.34 0.11 -0.06 -0.90 0.39
R/MA -2.79 -2.04 -2.22 -2.05 -0.92 -2.03 -1.61
15 47K ] Tk i T ] A AW - BTG
PHIME 1.02 475 0.67 4.33 44.74 5.77 31.18
E PN E] 1.62 8.98 1.18 8.10 57.44 8.02 58.82
w/ME 0.44 1.82 0.32 1.81 31.79 3.67 14.71
i E (%) 1.10 5.14 0.73 4.68 48.39 6.24 33.72
A A {13 i {iS i i i fiK -
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11 N RAE S BT AE S A AE 2L R KT 105, A7 5501 28.9%, B4 A5 T-Ab Bl 7 Al F i = 3 it
(15 3), FEAER KT8 Hg 1 Cd, & 73l ok 1 RS HE%L RI 1 48.39%F1 33.72%, HAR & milk
SREEAL, SRR —E[3]-[5]. 45 R nsam 7t Xt Hg F1 Cd 1 1,

| I N
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Figure 3. Distribution of potential ecologic risk assessment index (RI) of the surface sediment in the study area
E 3. fIRXRERFBEESKELIEFNERR) S

3.4. 2008~2023 fEH L

W7 X R ZVIRPIH Cry Cus Zn. Pb Fl Cd &~ FI4{EAE 2008 £ 2023 (a4 R IR 5L T R J5 I/
Frfa e At a%h, 2008~2010 £ENAHN mfE B, 2017~2023 “E NMAHMEME B, 1 Hg Al As &8
2008~2023 4FAIE RS, WA RGBS (E 4). 22/ FEE(2015) T LRI, 1996~2012
FEHAE Cus Zn AT As B EEAE 2009 SFEHT 5 70 R Iy AR TS, 2009 4E 9 AEX AL, Cd A Hg &
BEAAREEFaE. Cry Cu. Zn., Pb Al Cd 7£ 2008~2010 M E M AEME R I R . — & ai Ak, Cr.
Cu. Zn. Pb Fl Cd FEZRJFTREIRFIN, TN =k TR TREE D 7 NIGRYERE[27], $Aifk
BRIV WM I B 4 JE e R & i n[28]s R AWK IT = M N AU S R b X 28 50 A K
AR AR ZE DA S AR T TS /KRS I 0 s =R AL DISR, M T RIS S AT NS & & 7Rk [2] [9],
AHURIE 2, WA R AR, EEJEE L TR [4]. 2010 42 5 1T BEAR G e e AR G
AR EE S il 10 R E AT Inag s Yeia B 9D BEIRHERCE 5%, WIRTRTIA, Hg F1 As £ ZAZ4%
TR S B HE RO S S 2 B 52, Hg o6 3 R T T AR = % R AR iE 15 7K I HE S [25],
As FEJE TR AL EE[26], HUMITEHEEOK S EHBREI[7], —#F FLEUBFESEAEAFN 5 LT
Fo[2] [6]. F4h, WKIRFHERGTEIT RIS ST Hy Al As (7> A FVE 46 S ZL M [4]. BFFLIX Hg F As
PrEETE 2008~2023 A (] L A KR R (1 AR Ak B4 — 5 T Uk B I AF SR VS N o is Y 3, n—7
I, VNS RER, WFFXE 5l SR E VTR i Hg A1 Cd B 8B fE AR RS, ik, 40
FINEEAIATE T X Hg As Fl Cd & s A4 A S AR a3 rIE 7.
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Figure 4. Temporal changes of heavy metals contents of the surface sediment in the study area from the year of 2008 to

2023 (2010, 2012 and 2018 data from literature [3]-[5], respectively)
4. MREERENRVESES = FHE 2008~2023 FE L (EH 2010, 2012 F1 2018 F#HE 5 Bk B STEK[3]-[5])

4, gEip

1) WF5tIX 2023 SER EURFE4JECE Cr. Cu. Zn. Pb. Hg. As. Cd “F¥J& &%k 57.20.
25.50. 62.90. 18.60. 0.048. 5.05 1 0.099 pg/g. Cr. Cu. Zn. Pb. Cd & & Sk I A & m i vh fh v
TANZR S IMNEAR 1 73 A RHAE, 2 BURLDTAR AT HUR 2 A4, Hg As (8 85010 2 B 2 P R 2R 152
Wi, FHSCHERN AT AT B Cry Cus Zn. Pb. Cd FZH HFEFE N, Hg 1 As 3 ZoRIET AN A5 5%,
Hhy R FAFREOPPAN 25 SR 3R B DU PSS A A TBEPIRES bR R R 3 ) i st A Hg A Cd BT

2) WX RZVFYIH Cry Cu. Zn. Pb Al Cd & & FI{ETE 2008 & 2023 A SRR I A T %
Ja PRFERR R AR S, SR IX TR . BUT R JE UL SRS T R G s AT 10 43k [ 5 At
JinsRTE fa B D BEIRHERCE 9%, Hg AT As & & 7E 2008~2023 EHAR] L NG sh. 4 fE BNt
WX Hg. As 1 Cd & &AM S AR RITTIT . ASCR I T Bt B 5oy A T s b 1 et
15 A AL IX B G a5 e R, RSk AR A A Rl — T .
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