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Abstract

To study the pollution characteristics of heavy metals and their ecological risk in Xinbian River of Suzhou
city, nine samples were collected and analyzed continuously from December 2019 to November 2020.
Based on the measurement of six heavy metals (As, Cd, Cu, Cr, Pb and Zn), the Nemerow comprehensive
pollution index and the quotient method were used to evaluate the pollution level and ecological hazard
risk of heavy metals, respectively. The results show that the total contents of six heavy metals in Xinbian
River are low, and the contents are As (5.40 * 3.65 ug/L) >Zn (3.20 + 1.74 pg/L) > Cu (0.88 + 0.75 pg/L) >
Cr (0.14 £ 0.07 pg/L) =2 Pb (0.10 = 0.08 pg/L) > Cd (0.03 £ 0.03 mu g/L). Compared with Class III level of
the Environmental Quality Standard for Surface Water (GB 3838-2002), the content of the selected heavy
metals do not exceed the standard, and the average pollution of heavy metals is at safety risk level.
However, when compared with the Standard for Drinking Water Quality (GB 5749-2006), the exceeding
proportion of As is 8.3%. The results of risk quotient value (RQ) showed that the RQ of the six heavy
metals from the largest to the smallest is: Cu (0.419 % 0.357) > As (0.106 + 0.072) > Zn (0.101 % 0.055) >
Cr (0.061 + 0.033) > Pb (0.008 + 0.007) > Cd (0.004 + 0.004). The mean RQ of Cu, As and Zn belong to the
medium ecological risk level (RQ > 0.1), and the RQ > 0.1 proportion of these there heavy metals ac-
counted for 98.1%, 43.5% and 46.3%, respectively. Since the RQ of Cu reaches its peak in August (0.941),
the ecological risk of Cu should be paid more attention in summer.
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1. 51§

B A SR T AR LA ERR IR, 30T K A 3l T N A TRV B R K R iy 5 g, R B 5 e B Al
EMMELIEL]. —SESFAR. 8. 8. . K. B BOREE) B A MEREAR. AR SRR B R OR
SERUNE, REKAEAMAK AR A ST B @ R fE F HOR[2] [3]. #7 s & o i s R OKiERUAR Y, 2 I8 R AR
YhELSEESE, EEES MBI R R T MR KV A TSR KK R, 7K 4
B G RFER AN E YO % 4. Rk, HRKE S 85 Y A SRR 52 B4 2 2E 3 2 5.

TN T T2 BB 6, N TAR% 116°09'~118°10'. b4 33°18'~34°38' 2 [A], AW F KM 13 N RAILER
Fethz —, BEORIEWfEE 60 x 10°t, IR =0 75% L E[4]. bR /K216 M T B Al e — 4 A ZK K 5 e,
ARG AT A2 RSB AIN I, ACHAAE I T 7K 238 skt S /KGR AT R R S IR R, 7K B YR 6 R R
FHE R AT, AHICH IR I B S VUK SRE MK TR A 2 IR . B8 IUK ) /K IR R A K AL
FHFIIK . P, SBIUK) BIZKIR TARBUK SR T8k 51 B, ] B E & AN AL BT QTR BT B o I
XTI (AR 78 E AR T T KA EAFAE . KB RPN [S1 AR SCE 6], LAJGIER K BT75 B P A . VB UTAR
WEERGE. SRS THEFRNE S PN, RS ET e S S, ¥ REE. "A. 1
R a SEXPHIT R KR 8 7 VP4 s SR B A5 [8]X iy i I it ek ] ok S A 2 2 ) 498 4 BRI AT
YV 2R HARSE[9]25A 1980 44 2000 41 J7 5K R BRI R B I A WAHER Fh (. FEA K
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i P T HT I Vi) o 4 AURFALE S A 2 KU 0 W

FRAEFRHEATIT AL AT + A A B (1018 P 7 Hb SR M0 A1 4 O 30 T 1) R U B R 75 L R 43 A
TEHEATYRG . M BTBFSCHURRT , S0 ] 5 4 8 45 1A 35 S AE DA 25 MUK TR 58 T AR 22 T«

ST, AHEFCLEH TR B E I K UK S MHE AT B T 9 SRR, FFIR T M) — B4R () R AR A 53
Wro AR N T T 4B (As, Cd, Cu, Cr, Pb, Zn)ifdr i, I M 5 15 Yt M0 AT LV A
G IR 7 R TR 7K A B 4 JS JeRIR J HEAE AS KU HEAT T V. £ A IEHE: 1) RAFTFAAM ES R
(RO AN 25 A U AAE, R L PT RS R 26, 2) ST LR A Vs YP AL A5 U, Rt s . WF T
PR AT [X K R I3 7 e s B A B AR B
2. MBIEH®
2.1. FREXER

BRI T 2RO AT Wb, BT, SRR, SRR BOE T M AT 54 T T B Y i — 4
SR T, BT IR Pk R e R 1966 4F 10 AN T 004, 1070 4ER T, FEFFMUsML i
5RE, TR SHUETF R . TE MK RGAR R IE, KBRS, SRR, U]
BRI AK 1272 AE, PR EZHAT NI ILIRIS T, S RER . R, TR, TURW g
N P I VT (1] RN OVEE . WS fK. KPR T KU, o6 T AR,
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Xinbianhe o—® ®
Dangshan - - oo N
'I ]}1066
N Xiaoxian | Km
®  Sampling site
@ ciy
@® County
----- “" County region
— Laosuihe catchment
Xinsuihe catchment Sl):ln

~~ Xinbianhe catchment
S~ Tuohe catchment

Huihe catchment

Figure 1. Location of study area and sampling points
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12 A & 2020 4 11 J A H Y E KRR TG (RRATS /K IR I E ARG ) (HI/T91-2002)347 7K
FEIRAE . T, fRAFE . AR S RETe TR I B AR FE S 7EKTH R 0.5 m ARREEKEE, fifr T
Beid =R CAE R 2% ERAT - IR bR AT« B (T)~ I E4A(DO) Vi 14 [ 44 & 52 (TDS) HiF: % (EC)~
pH. kit 5 H A7 (ORP).

222 HROh

FrRAKFET 24 /B N7 [ S25G %, 42 0.45 um K RIGFLIERE I8 S5, W pH < 2. FE& TR HUSR & 55
BT B RE A (ICP-MS, Shimadzu ICPMS-2030LF) &l & /K7 As. Cu. Cd+ Cr. Pb. Zn 5575 Fh B 48 IR
JKEEFRHE GBW (E) 081531 [ T 4%, As. Cd. Cr. Cu. Pb 1 Zn K Z 4 511 97.3%. 99.5%. 95.1%.
89.9%. 99.6%F1 94.6%. “TATHE 2 [ FIARHEm 22 /N T 5%, FrdEY e 5 S bR E iR 22/ T 5%, &5 FL5
B R K [12]
2.3. IKIFEERBISRKESH

K WS 2515 G e Bu2ont B 6 Jm V5 YK P IEAT 20 b o 7 S AR A T 4 8 5 2 P S SR H % 1. 1) B [ 7
SRR, RIS AN 2 R TR Vs Yefa 3. 1207 15 BEN I WL /K A4 B 42 8 V5 e i IR DA K & 5 4
BN A5 YA TTER, RIS RS e, KR I 4R TS Y (0 P 7 [13]. BRI TS et R
Z KT 4B 15 JFe B0t B A2 20 51 LR (1) F20(2) -

Pi = Ci /Si 1)

X, PASESENRR TS REE: P ASRZHTLRES 4G CONELE i MSllfkeE; S N
LK B bR, R A GB 3838-2002 H 1 111 7K At/ 923 (Cu = 1.0, As = 0.05, Cr = 0.05, Cd = 0.005, Pb =
0.05, Zn = 1.0) [14]; max (P,) Jy = &2 J B 58 735 Qe B B oK AH s ave(P,) A G J& B A 715 Qe BUi-F (8 .
KA B 4 S ()75 G VAN S5 S bR IS TR L.

Table 1. Evaluation standard of heavy metal pollution

#® 1 EERBFTMIRE

P P, IEE S i
P<1 P, <0.7 K7 o

1<P <2 07<P <1 50

2<P<3 1<P <2 LSS
P>3 P>2 e T Y

2.4. IKBESRBESRE TN

AR R BN 2 B 78 XK o 48 AR S S TR P . RiEE, ORGSR, F e
F— R BTG KR B AR FAHRE L, 2 — PRI &8 & fabr T e & 1S BB 1R/ K sk
FEARBLER 1) 2 MRARL V2 [15] o R ALY A 0 S o A 00 8 P S 28 A7t B0 LS 1 A 5% % 2 ¥R )2 (Environment. Exposure Con-
centration, EEC) 5 R AEZ )5 fis 35 A2 B2 (1 B PR 25040 (FR PR B ME 24 05, 0 LCB0 {i, EC50 {H%5)AH LbAst[16], 115
W (3):
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RQ = HMC/TOX 3)

X, HMC Ak h 48 & & (ug/L): TOX AFESEAE, W% KA HCS EAEATFESHE[LT], Ak
fJ Cr. Cd. Cu. Zn 1 Pb ] HC5 2155 5N 2.29 pug/L. 7.76 pug/L. 2.09 ug/L. 31.62 pg/L 1 12.59 pg/L [18],
As ] HC5 2% {d 4 50.83 pg/L [19]. MFEERITTO 25 SR 1) 4 it o1) T4 2.

Table 2. Evaluation index of ecological hazard by quotient method

2. BEFEESREITINIER

KBS A RQ RQ<0.1 0.1<RQ<10 RQ>1.0
HEAfLE BU& FAE—E AR e

2.5. BIRALTES 54

AR Excel 2016 X NFE SEMETRAME . SoME. FRESESIHER TR BdEETESH]), Hh
L S 5 AR AL R I A A A 2 U 4 K s 8] 341 £ 22 e OriginPro 8 52

3. ZBR5WiE
31 EEREFEBMRGR

FOTR IR R S SR IR T 45 SR 41 T 7 3. As. Cd. Cr.Cu-Pb 1 Zn P2 & &4 BN 5.40 + 3.65 pg/L.
0.03+0.03 pg/L. 0.14 +0.07 ug/L. 0.88 £0.75 pg/L. 0.10 + 0.08 pg/L 1 3.20 + 1.74 ug/L, K/MEICHN As > Zn >
Cu>Cr>Pb>Cd. FraMRIH ST (HIFRKIAE 245D (GB 3838-2002) 111 Z5/K B fRAE . $R1M, 7£ 108
A, A9 (i 8.3%) 1 As SIS T CAETEIRH K PAERRAE) (GB 5749-2006)F11H 5 BAZZHZL (IRAIK
TR (AR PAAL, 2017 F)4E FMEA0 pg/L). XEETRRHTaE R, 5B e g M T A TS
FAKIRHEES ,  RExE As 3EAT5 G P45 .

e 3 IRFH T AR B A P EEI L VRS BT SRR BT L AR DL R TE P T AR Al A X PR )
HRWAFI ALK 1 B LR S BN B Ol AW ST B As B T 5000 v (22 BOB) . BRI LA KL
BT Cd ey T v e B AR B, I TS0 A DL 7= X B R AT BT 7K s Cr AN T e B i
W, SHAKRZEAK; SEHFCKHIK R T Cu s T AW BL R Al A B B X R 6 7K ) Pb
28 1 T AT FUIRT BRI A8 P A 7K 2R o ) SR VR B

Table 3. Test results of heavy metals in Xinbian River and comparison from publications

=3 MTAEERMRGEREXLLER

HE)E As Cd Cr Cu Pb Zn
R 1.55~16.20 0.00~0.11 0.00~0.42 0.06~7.85 0.01~0.47 0.61~9.39
I{E(n = 108) 5.40 0.03 0.14 0.88 0.10 3.20
bt 72 3.65 0.03 0.07 0.75 0.08 1.74
GB 3838-2002 (111)* 50 5 50 1000 50 1000
GB 5749-2006° 10 5 50 1000 10 1000
HLiBi[20] 3.735 0.088 - 1.494 1.484
TR (R BY) [21] 0.141 0.011 0.147 0.153 0.121
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Continued
YW (R BY) [21] 0.097 0.008 0.079 0.118 0.071 -
Kis22] 10.40 1.03 - 5.72 3.84 -
HRIA[23] 170 5.22 3.20 - 30.95 -
B b K [23] 0.52 476 233 - 30.99 -

TE: ® (HiRKIREE R EARE) (GB 3838-2002, 11 KFikzHE); ° (AEVETRHIK BAERRAE) (GB 5749-2006).

32. EERB/RTENER

I FETT B B 4 i v G VAN 45 A RAE T R AR5 T3% 4. 1 A E 5 Hin & E 48 13 5 8 15 G Fa 4L
As>Cd>Zn>Pb>Cr>Cu; 12 A{rf1 6 A& EE BTG YENA As>Cd > 2Zn > Cr>Pb>Cu; M7 B
f, Cd-FEisduK-FIlR Tl 7 A% 11 A& BB P75 3508 As > Cr>Zn >Pb > Cu > Cd; 4
SERGENT R R K B4 B P35 Rt IR oL, A T2 20K, R WAL T2 4K As fE /NP 43 )8 B R 1
YRR A R S . NZ R TR ET5 B85 (Pn) K, /NPl & )8 1) 208 72 XK F8 201 Pn 7E 0.023~0.232 Y[,
Horb As 1 Pn fieimr, (HORE HERE KT, BARL T 24K, Tl g . /AW FLE N e~ X oK, 45
B R ERIBA K Pn A 0.7~1.0, J& T TS YKk [23].

Table 4. Calculation results of heavy metal pollution index in surface water of Xinbian River

F 4 FTAMFRKDESRISRIEBITELSR

Pi Pn
ZFN At sutE
As cd Cr Cu Pb Zn FleA ¥
JiFEl  0.048~0.073 0.012~0.014 0.000~0.004 0.001~0.001 0.001~0.002  0.003~0.005
12 A 0.035~0.053  0.046
B 0.064 0.013 0.002 0.001 0.001 0.004
JGF  0.037~0.048 0.012~0.014 0.000~0.006 0.000~0.001  0.001~0.003  0.003~0.004
X% 1A 0.027~0.035  0.032
¥IH 0.044 0.012 0.002 0.001 0.002 0.003
JiFE  0.031~0.036 0.012~0.014 0.001~0.003 0.000~0.001 0.002~0.005  0.003~0.009
2 A 0.023~0.026  0.024
Y 0.033 0.012 0.002 0.001 0.003 0.005
JiFE  0.039~0.055 0.011~0.013 0.001~0.008 0.001~0.001 0.002~0.006  0.002~0.005
3H 0.028~0.040  0.033
B 0.046 0.012 0.003 0.001 0.003 0.003
Jifl  0.051~0.108 0.011~0.013 0.001~0.002 0.000~0.001 0.001~0.009  0.002~0.008
#ZE 4R 0.037~0.078  0.052
HME 0.072 0.012 0.002 0.001 0.004 0.004
JGE 0.100~0.127 0.011~0.023 0.000~0.003 0.000~0.001  0.001~0.006 0.002~0.006
5 A 0.072~0.091  0.083
WE 0.115 0.013 0.001 0.001 0.002 0.004
JiFE  0.122~0.130 0.006~0.012 0.002~0.005 0.000~0.001 0.001~0.003  0.002~0.005
6 A 0.088~0.094  0.090
Y 0.126 0.007 0.003 0.001 0.002 0.004
JiFl  0.123~0.152 0.000~0.001 0.003~0.008 0.001~0.001 0.000~0.001  0.003~0.008
HZ& 74 0.089~0.109  0.098
B 0.137 0.000 0.005 0.001 0.001 0.005
JGF  0.276~0.324  0.000~0.001 0.003~0.005 0.001~0.008 0.001~0.008 0.001~0.008
8 H 0.198~0.232  0.222
HME 0.310 0.000 0.004 0.002 0.002 0.003
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Continued
JiF  0.138~0.190 0.000~0.001 0.002~0.004 0.001~0.001 0.000~0.007  0.001~0.003
9 A 0.099~0.136  0.119
WiE 0.166 0.000 0.003 0.001 0.001 0.001
JiFE  0.083~0.118 0.000~0.000 0.002~0.005 0.001~0.001 0.001~0.005 0.001~0.002
®ZF 10H 0.060~0.085 0.070
¥IE 0.098 0.000 0.004 0.001 0.002 0.002
JiF  0.069~0.108 0.000~0.001 0.003~0.005 0.001~0.002 0.001~0.004 0.001~0.002
11 A 0.050~0.078  0.063

¥iE 0.088 0.000 0.003 0.001 0.002 0.001

Nt AR IO RIS R ARACRAAE, X B0 S SR Bt i 1K) As AT 1 I () AR AR AFAE 74T (1] 2). H i 2 7T
F, B AsTRRERE LT, BEMATANEE; dMBFEFLEINET, AsisidaldveTtem, JiE8
ISRV AR, TTHRTT As T5 YRR 5 H R R IR K R

0.4

o o
e e

As single pollution index (ug L
e

o
T

o '0%@0 ’\@% of e?l, N "M;,Q' P»'?;Q "l\ﬁqﬁ’wﬁqﬁ’s\i\pf ?‘\)%LQ’C"&@Q’OC:;Q Ao
Time (month)
Figure 2. Single factor pollution index of arsenic with seasonal variation
2. MBETF ISR HMEETELE
TN BIRIT TR B, B =i 3K o 7 <5 Jam S R P2 PR T 2 RS- B R o 3 e R R 282 [ 24] - (EL 2

AR, HEJR S BT S R IR A & T E K I[25]. AR As BRI H AR T
K. BREFIMEM[26]. A, WA N AR As SEHEZ27]. BENFENEN L, 30
RARTIGIN, EZH) As AR LA SR (A B TR Bk A [28]0 g M 2SR ST, BERLETTRA
SN T AR A P A AR LA R TV R OK, R B A 5 (A, T RES AR e, ol A T gl KR ITAR
FE M AT A As [29]. PRItL,  EZE AR h s R ARG Bl R 2= A 56 B R A DUA R i R
AP BN AT REAS IZHE U BUR 2 As IR BEEHE A £ E A .

3.3. EEBESREFM

NI TE AR, BT BN R 6 J 1 KU P (B (RQ)ARAL L ] 3(a)~4] 3(HFs. —FHISEERN RQ
AUAE 0~0.941 Z [A]. Cd. Pb ¥ RQ ¥MIKT 0.1, 2FATAESKEIRE. AsHRQES HE 9 At 0.1, 1A
B A, 7E 8 AR RQ el /ETE, 8 AEZMiFk(% 3(); Cd7E7 A% 11 A RQ N/AFESEEH
A4F RQ HAK(E 3(b); Cu ) RQ &4FE7E 0.1 B L, J& T ARG, IHE 8 H RE T mik BIg(E(0.941), #ilx
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TREAESKERQ >1) (K3(d): Zn B RQ 7E8 HHI¥IKT 0.1, AT HABNETEHE, 8 HJFi&HiHIK(El 3(f).

N TR AR ACAFAE P 5T B S o o 6 i ) DU e (B R A 14 3(9)~ 1] 3(1) o o &% B & JBAE JULAN KA s 1)
RQ 7£ 0~0.623 2 [a], Cd. Cr 1 Pb B2 18153 A A4k 1) RQ Sh /RN, PIMIRAERS RS As 755 KAE AT 14 7
B, ¥ERT 0.1, @ THAASKE, HEAEESIAKR: Cu i) RQ BERAE s BRI SIA KR, HHERT
0.1, IAFIFEAZ KK, HIE S2 AFIEE©0.623) (K 3(3)); Zn K RQ 7EH AL KK (0.1) 1 R /NG ElF 5,
Horpde S5 IR T 0.1 (K 3(1)).

0.3 0.012 0.30
(@) (b) /()
0.0094 -
e k-1 0.20+
2 021 2 £
] °© -2
& & 0.0061 g 0.15-
% 0.141 ] 2
& & 2 010
P - & 0
< 0.07 © 0.0034 5 -
1 0.054 -
0.000+ 0.00+ S oob d o
RN R N\o“wng O RS RN RN @\“Qw%@a o RE AN R R TR WSO
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Time (month) Time (month) Time (month)
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Figure 3. Ecological risk of heavy metals with sampling time (a)~(f) and sampling place (g)~(1)
E 3. E€RBESREITAN LS RIERAERE])(a)~(F) FIRiE# 2=.(9)~ (NI 1L
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FAEVEA S AR 45 R kKB, 5 Cd. Cr #1 Pb ALk, As. Cu F1 Zn = b & J@ Wik 70 Bid pl i ]
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