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Abstrat; The average’contents of'the hea\y metals Cd, Cuy Cr, ASTNi, P, and--Z’n in the sediment of sampling points in the Suzhou water network area were 1.4, 127.4,

83.2, 181 2, 5’1 7, 145. 1,0and 350.7 mg-kg ™", respectively, which were 13, 7,57, 1.1, 1.7, 1.9, 5.5, and 5.6 times the background values, respectively. The
proportions’ of points exceeding the risk screening values of the GB 15618- 2018 standard were 100.0%, 97.3%, 38.4%, 83.6%, 97.3%, 90.4%, and 100.0%,
respectively. The pollution degree of single heavy metal elements was evaluated using the improved ground accumulation index method. The pollution degree of the seven heavy
metal elements in the sediment of the Suzhou water network area was in the order of Cd > Cu > Ph >Zn > As > Cr > Ni. Among them, Cd showed extremely strong pollution, Cu
and Pb showed intense to extremely strong pollution, Zn showed strong pollution, As showed moderate to intense pollution, and Cr and Ni showed moderate pollution. Cd, Ph,
Cu, and Zn in the sediment samples of the ancient city area, northwest area, southwest area, and east area were the heavy metal elements with high pollution contributions.
The potential ecological risk degree of heavy metals was ranked as northwest > southwest > ancient city area > east. Correlation analysis and principal component analysis
showed that Cd, Cu, Cr, As, Ni, Pb, and Zn may have come from anthropogenic factors such as tail gas emissions, the use of chemical fertilizers and pesticides, and the
pollutant emissions of the electronic manufacturing industry.

Key words: sediment; heavy metals; Suzhou water network area; pollution assessment; ecological risk assessment
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Fig. 1 Layout of sampling sites in the Suzhou water network area
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97.3%. 38.4%< 83.6%. 97.3%. 90. 4% fils RUKFRRHL hﬁ%ﬁlﬁhﬂﬁﬁﬂ/\%[bﬁ#
35 ryr” ‘ #1 m*ll:klm E,ﬁﬁlﬂiﬁﬁﬁgﬁ_'&ﬁﬁ?ﬁ%” ) e
d =] Table 1 Descriptive std,tlstl(,d].drésu s.of hcavy metals in river sediment; uf the Suzhou water network area { — 2
X 48k T Bz Ccan P o As it Nil Pb P 710
RAH 26.5 F F1280d0) 395.0 109.0 121.0 1050.0 120070
j /M 0.2 14.9 J 26,5 7.7 21.2 15.8 62.8
%“'}FII;ﬂd?Xi'IimIZ g POrges 0.5 8. 3_—~ 875 16.0 4.7 70.6 198.0
e Y PE 1.4 127. 4 83.2 18.2 51.7 145.1 350.7
bRz 3.3 171.5 54.2 12.8 22.8 191. 1 405.7
a5 5 AR 243.6 134.6 65.1 70. 0 44.1 131.6 115.7
HR X FHME 1.0 142.7 82.2 17.4 56.8 205.9 404. 4
BERE 76.3 65.0 45.4 34.6 38.0 110. 4 71.3
L SEHE 2.3 119. 4 88.6 18.3 47.7 131. 1 349.9
LAY 247.9 109.7 87.9 55.7 44.1 79.2 83.3
PR FH(E 1.0 97.4 80.3 17.7 51.2 116.4 362.5
BRFRE 77.3 59.9 44.0 28.0 36.9 91.2 71. 4
s SFHE 1.1 148. 1 81.3 19.2 52.6 91.1 212.4
5 R A 241.8 180.0 60.3 106.7 51.6 164.3 90. 5
LA LR AE> 0.1 22.3 77.8 10. 6 26.7 26.2 62.6
IR 73 1 13 0.6 100. 0 300. 0 25.0 100. 0 140. 0 250.0

1) 28 5 R B B R % , HAR B Homg kg ™' 5 2) TLARAE 385 SLABE A SCRR[ 23] 5 3) A% AT Hb 39675 Y UG A8 5 b aflz ( GB 15618-2018)

Fin N K X b DA SR A 1 4 T 4 B s
it HETE A, 0. VE AR A SR AR A P13 R TR
w(Cd) (26.5 mg-kg ") J& + HETS FLIH A 265 £iF,
(Cr) (395.0 mg-kg ") &I FAHMN 5 5, AR
FSRAE S M5 JIETE 0 (Cu) (1280.0 mg-kg ') 155
{EIY 57 1%, w(As) (109 .0 mg-kg ™) JETF RAEH
10 £ ,M12 i @ (Ni) (121.0 mg-kg™") AT S{EH M
4.5 % M T HIIX I N6 4 JE o (Pb) (1050.0

mg-kg ") NTF R 40 £5,N8 4 w (Zn) (1200.0
mg-kg ™) NI RAER 19 F5. VEILES . PEREER . A
AR IX TR Y 7 P 4 e -2 it 2 B XL
6 07 16 1.

Xt —E 4B IC R, 4 T Kt B R [H
(3 A B, Cd JCZR I Fr i K/N A PEIEER > -3
> HIRX > PERHR; Cu JEE R &= A/N AR EE >
AR > PEALES > PR Cr TR &K/ N,
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PUALER > WX > K3 > Vi Hh; As TE T EK
ANRT L ARER > VAL > PE RS > kX Ni TR
RN AR IX > AR > PURSER > PEILES; Pb oo
EEm AR/ IR > P > PR > 435,
Zn TR R/ AR > PR ER > PEALHR > 7R
. T E AR A ROR R T A R RS Ve Y5 YLtk
A KU, A7 T IR I U6 T8 4 I 115 Y S5 LR
LA KBS A PEALFAY Cd F1 Cu, ZRFKAY Cd
Cu. As F1 Pb LR IR IX Y Ph AR S R BUEK, 25
) 22 SRR, FE T s Y S 9 PN I e AR SR
B DA R AR AT SR T s 75 ST T 4 8 A AR 1 1) R

Y.
2.2 FRJHIK B XT3 i 4 5 L PP

2.2.1 H—HEmI5Y

A IXIE , — e R ARFEBOE s 3 7
e 42 i JT 2R A T5 YRR B DA s 2R 431 R - Cd > Cu
>7n >Pb >Ni>As > Cr, H:it Cd, Cu, Pb %n‘zn &
TG, Ni T As JB THRREEVS e, Cr oI5 Y. i
PR b RS B Y, 7 M 4 IR CER Y5

%’%EEM%@H&K{TJ? .Cd > Cu >Ph'>Zn > As 3 .C_lj_d

> Nt C B TSRS e, G| Y A 5
Ry 2 AR e As T BRI 5
Yo Cr A NiJR TR TS Y [ 2 (o)l /L b B BT

ﬁ%ﬁﬁ%%%%%ﬁﬁ%ﬁﬂﬁ%ﬁﬁﬁ%%u
A As{ Co, i\ Zn fPh 15 R 4F LIS 5o

YLl Cu AL Cd TS e B R R T T
O A R L R K ISR R Cd
HT5 G K SE A X B, T Cu. Ni As Fll Zn FEAR
335 Ye i 75 Yo KO AR B 5 BT AR W) A
Griirh Cd JCE AL TP TS U BBUKOT, oKl
AW Cd TTE iR TS g BREUKE Y 8T
ERVLWE A J1 1130 11 Mg BEUE R K/ N . Cd >
Zn > Cu>Mn >Pb > Cr>Ni, Hofft Cr A1 Ni J& T C15
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85957 5 TR A — 1 o BB M o
T4 R A A IR T & RS T AR s e
SPHPIE IR 28 1 7 5 TS e 0L 0 PR R A T L, ]

MR KRN 45 4 T R e 1 A
B STl RV T X 05 R R 2R T 2R
A TE Y AR A BRSO

TEPEALIRL 1 2(b) 1,7 Fh 4 70 2 1 e
BEME EURAKR K A . Cd > Cu >Zn > Pb > As > Cr >
Ni, Horh Cd JB TGRS Y, Cu JB T 3R IET5 Y2, Ph Fl
Zn JB& THEREEEIG YL Cr Ml As JB T HETG YL Ni
B T IEE RS e, TE PR RRL I 2 (e) ], AR 4
A:Cd >Pb>7Zn>Cu>Ni>As > Cr, i, Cd Fl Pb
& TR TS U, Cu A Zn J& TP BE SRS 4 | Cr
As I Ni J& T g3 rh BEs gy, FE AR [ B 2(d) |
AN ZEH K . Cd > Cu>Pb >Zn > As > Ni > Cr, Ho,
Cd JB TR IS e, Cu JB T3 3 B M 38 75 2, P &
THRAETS Y, As F1 Zn JB TP BRI BE S e Ni B T
RS Y, Cr JB T TE B S e, PME 4 T
(T 25308 00 e Tl Bl I3 0 36 2 DR A
Cr. Cu, Ni il Zneff P54t BRHERKZ AN T 0, Ph
b S Y T, G Ab T o A e R e 2
A SR A B SRS B O T 2 S VS 2 T
7E RG] Y 2.( ) ] JAEM 45 58 . Ph > @d, > Zn
> Cu > Ni % A% 3, Myl Pl 13 T4 7 5B 3R e
Cd A Zn J THREETS 4, Cu JB T o B g5 45 8,
Ni As AT G b 75 0. 15 1 2
HRAE () T3 Mty X T IS Pd | Cd, Cu #l Zn A
L 65% (1) 25 Ak T oS I 35 2 AP LA (1
Wi
2.2.2 ZMELSRE ST

11 FF 0 R 7P 2R 006 I A A b SR A
BT 73 A RARE R 7 T 4 A T e 1 O (O
1 3) , FLrbvsm B R L V5 Y ) SR B A1 16, 5% ,
FE 3R JEE 5 e () 5K BE A 7 30, 19% , T e ) KA
Rt 21.9% , JeT5 G B b BE TS YL SRAE A 31 5%,
b EBHEBOT I 1. 83, A5 KB T Hh Y5
Yelterg PGS 0 B RE BT S 2. 21, 4b T
v B 3 V5 e, G 3 1 M B AR BT B R
1. 86 Ab T BE TS Yo s ARSI M BB BT H 0 H
1,30, 40 FrhBE v e s ol 30X 1 M SRR BT 49 (1
J.2. 03, Jh T BE BB B 15 Y. 5 e R FE 1 7 B
HEF R PEALHE > HIRIX > PEREHE > 2536, 35 MK 9
b DX V8 T 4 1 2 1 T

LR G R AT Y R TS
I b — Pk anve e BRI Je Y Cd A1 Pb Ab TR
BEV5 Y, Cu 1 Zn Ab T BESSR B TS e | % X 0 %
PR 4 AT e A R T b B Vs e SR AE T
B 1 i SRR e (P 46 2 g A S AR MR MR
(76 B A T IR AR B, 3 o e 5 i o SR IR
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Fig. 5 Potential ecological risk index RI of the Suzhou water network area
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RUTEGRBE IERAEY) b AT RE A KA P, i &
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FIA R ZMEES, T K TR S ESE Zn
S R A 3 L R T B M R S ok I
— T JRAR M A RN S A5 53 #T

Fin A P b DX T 3 PG e 7 4 B i A G 1 4y
MréE e Wz2,Cd, Cu, Cr, As, Ni, Pb fil Zn JCLE
PR 2 1) 52 0 35 TE AR G, SR Se i 4w ] 57 —
SEM RN, PTREIR A 2 A Ts g A 2.1
KT S RIS 45 8, N IRAE 5 B8N
JK B IX B4 )8 ICZE Cd, Cu, Cr, As, Ni, Pb FllZn
15 YL (A TTRRAS AT 2218
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Table 2 Correlation analysis of heavy metal contents in river sediment in the Suzhou water network area

As Ni P S

Cd Cu Cr

Cd 1 0.760 ** 0..800 ** 0.705 ** 0.424 0.354 " 0. 869

Cu 0. 760 ** 1 0,71 0.920 ** lof622 0.565" 0666,

Cr 0. 800 ** 0.711* 14 0.574* 068357 1 ) ] 0.369 A 0.8717

As 0.705  0.920". 0,574 1 /04417 0.515™ 0/585 . &

Ni _0.424™  0.6227 01835 0.441" [ 41y 0.410 ™ 0,623 (%

Pb A 0354 0.565" |1 10.369% ot 0.515" [ s 0410”0 W1 0. 495*
T S 00869 0666 /1 S 08T 0.585 ™ ' 0.6987 o 40.495" 1

" B -

D b o.0Ld ue) xrens ) /0L,
S K 00 s DX 39T 38 8 T 42 5 PCA, 10 )
FEMRERINE 3 JivR , PCA 25 A 2VIVRHIE St i)

& iy b 68, 71% 2. 20% , X1 19 BHALE 2

4y 80. 90, B 8 1 0 BF 5 5 8 P B B 7 e
Gyl g Sy 7 R T 4 IR A B v AR
(Cd, Cu. Cr, As, Ni, Pb #1 Zn 43515 0.87 . 0.91 .
0.90,0.82, 0.75. 0.61 F10.89), HL5h 4= 5 A Wi 4
% WREFRIES A v 10 T 4 43 /S T 1) B 55 B, B
BT AT I8 I IURE S VR T, S50 Ph I Zn 5 ke

.“._.l'.

% 5 o BRI (R R R 2 , Tl i T
7K 2 b e AT 0 T S 8 o o AR
PERENY AL K SR e h REE SR, 54
ZF WS Ph i B =, 38 0.55(Cd, Cu, Cr,
As, Ni Ml Zn 435k - 0.093, 0.254, - 0.397,
0.399, —0.343 1 -0.220) , AT GEAE B A 75 JH 7K 1]
DX ARZS | Biti | 330 BE A5 it 56 35, T3 5 18 B I
R KRR Ph S5 KA UIHEHE TS , 4k
TR, & DX = A AT 4 Rk 4 Fm.

®3 HMKkMRTEREEESBERIHHER"

Table 3 Principal component analysis of heavy metals in river sediment in the Suzhou water network area

o PRSI PRI A
Bt TETEE/ % BBTHE/ % Bt T7 ZETURR /% SBTRE %
1 4.810 68. 708 68. 708 4.810 68. 708 68. 708
2 0. 854 12.195 80. 903 0. 854 12.195 80. 903
3 0. 709 10. 133 91.036 — — —
4 0. 485 6.933 97.970 — — —
5 0. 080 1.142 99.112 — — —
6 0. 046 0. 659 99.771 — — —
7 0.016 0.229 100. 000 — — —

1) — R A SBGZ S R

PR IX AR A AT R TR R ERT
2 A ER, BT R IL 92, 50%, RERS LA T4
HFEIUA SRR, 55— R R EAE A 5. 42, T
ZTOHRE T 77. 40% 55 = F AT IR HEAE M 1. 06,
T ZTTHRR R 15. 10%, R 5Tk %G8 92.50% . 5

—EWPET Cu, Zn, Cd, As, Ni F Cr iX 6 Fif
FA R BTG YR, /IR BRI AR AR AR AT
AR SEN As, Cd, Pb, Zn, Cr Al Hg %
GBS RAGIFAR R EA 2 h &4 He, Cu, Cd
1 As AR W0 T BIRAE P A 4% 2 M
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A As, BRI R &4 Cu A
Zn. NIRRT P 4 B A ) A A S R, &
A T BT LTt B A Bl sl S A R, A
755 R, vl RE R A T HE R 24 K g AL ) 5E 4 Wk
W , 283 T K M T AT I, 3 A

B —E Pb AR5 R T R =, SRR
MABEHER S S 2 A5 PR B BRI Z — i 241
R — B 4, I3 N b X 52 38 42 2 00 AR
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Table 4  Principal component analysis results of heavy metals in river sediment of sub-region

5 [li[ A DU il LE S
% 2%l B 1 WAy 2 A1 BT 2
TR/ % 86. 151 74.971 79. 367 96. 652 77. 401 92.503
cd 0.941 0.942 0.929 -0.356 0.941 -0.086
Cu 0. 982 0. 947 0.973 -0.216 0.979 0. 092
Cr 0. 985 0. 899 0. 821 0. 561 0. 827 -0.521
As 0.922 0. 864 0. 875 -0.456 0. 889 0. 288
Ni 0.772 0.950 0.723 0. 682 0. 855 -0.474
Pb 0. 853 0.335 0.926 -0.167 0.675 0. 668
Zn 0.984 0. 945 0.962 0. 147 0.956 d ﬁ.'i_;p -
MV ES R & T R o F | / =
== ; | '

T USRS % F A B B 5. 96 , 77 % 5T
Wk A 85, 15%, YeiE T Cu, Cr, Ag. Zn. Ni% Cd F
Ph 507 F 4 R0 5 15 e, I A
Ml B 2 AU RS B L O A AT,
PRI BRI R T R A T4 R, LI
s S e M SUAEA K, WU AR,

IR/ E S NS e b U L S
2:ffi45 Pb., Zi, Cu.,'Ni Il Cd S5 H it Aﬁ‘(%;'.%_f

JE LR AT T SR T o R 3, 2T
i X PRI AT P30 — 2B 58 3 . W R4 B, 1
AIRES RIS A Pb, Cr, As 1 Cd 50K L
MK BEAATIE | 1 s et

XiF VU e R A R S AT B T B
T A F RSy, FRIE(E N 5.24, T 2 ST R R
74.97% . Fi—EW5TPE T Cu, Zn, Cd, As, Ni flI
CriX 6 PP 48 M = EORIE, SPEILHELL, Fir
A B B P, B B A S A, T
MV KA G BRI HE R i 5K

X 7R AR 4 JE B i EAT R e BT
2 NERS, BEUTTHR IS 96. 65%, 55— F 4 1
RN 5. 57,07 22 5THRER K 79. 37 %, 5% — F 851
FYRFIE(E R 1. 21, 7 22 5THR N 17.29% . 55— F L
33 Cu, Zn, Cd, As, Pb, Cr FI Ni ;X 7 FhE 4 )8
B B ZE G YRR 5 AR R Ni i Cr TR &
FLGYRIE WP B — E T LU R Ok H T
Tolb b K Agm AR E 4, B 2T KRR
VLR IR MUY, 5 — F A T LR R ok A
FRATESN Y EEE.

| { .

(1) FiHH 10078 k' K I8 8 1 J 2 73 1 B
7 R R 6 4 I S (3 VR L
B S RIA- 695 e MU 08, Cd | u s, Nigd
Ph 1 Zn 7T 20 4k 10 SRk s L 19045 25 , B AR
KI5 s, G I 38 1775 Y R 5 A, R 4728 SR
ALK A 2 RS IX 035 e T 9 S %, B
X Ik 17 1 2 SR

(2) i B 9 o B BE BT R B, Cd R
TGS, Cu, P B T30 R MR 3R IS5 e | Zn JB T
TS, As BT IS Y Cr, Ni B TR
FEV5 . 73 A TR AU R T oh VS . P LR AL
TP BRSSP AL TR B S e | AL T
PR e | K AL T B SRR B VS e | V5 YRR
EEEUERITUT N - PEALHS > HIRIX > PERGHS > K. 95
K 90 4 [ 8 T 4 8 75 e B AR 25 AR WA

(3) Mg 25 KUK H6 80, 73 A SR R e v 3
4JRICE Cr, As, Mn., Ni Hl Zn #BAL TAEXES ; oC
% Cd 1R A R Bk, T DX 3o R i R T
S PUREHS > PEALH > WX > AR, T ARG
13 JGZE Cu A1 Pb #Hid 80% 1K) RAE S8 TR KU,
LR BN IR IX > PEALE > A > 76
RIS, H IR e T SRR 4R A5
Y RV FE AR 25 AU, 45 R RE A R4 T b R B A L
A KRR

(4) FHISAE 43007 0 3 I 43430 97 22 T T8 R
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