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Ecological risk assessment of heavy metals in rainfall runoff of different land use types in
Suzhou of Taihu Basin”

SUN Tiantian, TIAN Yongjing™ , ZHAO Wei, SUN Kang & JIANG Tao
( Suzhou University of Science and Technology, Suzhou 215009, P.R.China)

Abstract: With the rapid development of urbanization, heavy metal pollution resulting from runoff increase and vary greatly in dif-
ferent land use. However, there is still a lack of research on the risk assessment of heavy metal carried by the runoff. In Suzhou ur-
ban area, four land use types including commercial area, residential area, historical and cultural protection area, and cultural and
educational area were selected to monitor the content of Cu, Zn and Pb in rainfall runoff. Further, the ecological risk of these three
heavy metals was evaluated by risk quotient (RQ) , which was on the basis of predicted no-effect concentration (PNEC) obtained
by species sensitivity distribution (SSD) curve. Based on the event mean concentration ( EMC) of six effective rainfall events,
compared with the Environmental Quality Standard for Surface Water ( GB 3838-2002) , statistical results show that Zn and Cu in
the rainfall runoff meet grade II water quality standard, while Pb is inferior to grade V water quality standard, which are mainly af-
fected by the traffic activities and roofing materials in different land use types. Correspondingly, commercial area is polluted by all
these three heavy metals worst, the other areas are polluted in different degrees by different heavy metals, resulting in a large differ-
ence in toxicity to aquatic organisms. Generally, the ecological risks by heavy metals in rainfall runoff are in high-risk degree, and
in the order of Pb>Cu>Zn. Therefore, the current environmental quality standard for surface water in China does not fully consider
the ecological impact and underestimates the ecological risks of heavy metals.
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Tab.1 Summary of rainfall runoff sampling sites in Suzhou
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Fig.1 Layout of rainfall runoff sampling sites in Suzhou
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Fig.2 Ecological risk assessment process of heavy metals in rainfall runoff

Rl 2K BRI S B A i) (GB 3838—2002) , % 2 FR (AR AR IE)
F M FRACK IR BE D R AR H AR 192K B e B o4 8 TR P AR EE (mg/ L)
o IR BAKRIR 4R 5 2 Rl L3k 2. Tab.2 Criteria of Cu, Zn and Pb concentration
AR S NG EREE RN R AR HC H IR in Surface Water Environmental
FER4F > F ARG Cu Zn P (1) SSD 2k, B 58 Quality Standard of China
KM E &8 A VEw BB T 5¢ M EPA ECTOX &g muel  1% 0% W% N% V%
B4 (http . // www. epa. gov/ ecotox ) , FoH Cu Zn 11 Cu< 001 1.0 1.0 L0 1.0
Ph {97 HUECHR AR A 16 .21 21 /. ek iy e 005 1o 1o 20 20
Fft (R34 BOBCE 2E A7 405 SSD i £, W R A0 45 Ph< 0.01 0.0l 0.5 005 0.1

EREN NSNS ety
1. ARARK S BOESE S AP BRI S T 40040784 R EHEVE I (hasand concentration, HC) , JERE
XIS R 95% YIRS RCTS Y v ™ . BN I (PNEC) Y HC, 5340



1624 J. Lake Sci. (#38#3) ,2020,32(6)

[T~ (assessment factor, AF) {4 F AR AR R R SR L ARFE R ™ B 5 Al 1) AF UL, 7S SCRR s BT B A
SSD ik Hh & i YR EICR: (TR AR BB I B T AF = 2.
PNEC= HC,/AF (1)
RQ ZSM IR E MR B ( measure environment concentration, MEC) 5 PNEC ) AR, o EGAE K/ @ A 7S X
QESIRE ™. RO<0.1 MR LA 0.1 <SRO<1 Kb SRR s RO> 1 4 45 AL A KR . FERE HIA2 3
AR, ST e B (event mean concentration, EMC) (EAE R SN BRI BE (MEC) | S REAR A X I
AR AR AE L. 5B RRE MR RKHE B4 ORI B o 45 Jm AN [R] 1) A7 T 25 % 7K 2R 2R 0 1 2 ) 2
S A AR T KRG v G < i v B e B AR 25 KU 2 1 T . T 7E T AR T AR rhoKORH 1 o 463 2 B
BEOTFI A, AR T LUK S 5 SRR X AAE M B & R d THEG U8, % T 5 ERKIKsE i,
[FIRE BA A A R0, DRI, A 38 A A2 Tt KR v B ) AR S XU B B A AR S A R 4 R
G (MEC,) B MEC, B3 LLF HB 432080 VA I A T 4 2 it B ARV 25 0 55 BR 4 BRGS T =X A7 A 1y UL AS
LR,
RQ= MEC,/PNEC (2)
KIS+ RIS (3)

MEC, = VRS % « EMC+BURL 5% - EMC o
Jon ER

1.4 Gt o

AW AR5 07 TAE ZZHKEE Microsoft Office Excel 2007 2 44 58 i, KA 257 K K
ZEMFIFH ArcGIS Desktop 9.3 . Adobe PhotoShop CS6 K Origin 9.0 2241 i, ZARBF 5 ILHAE 6 KA % I+
F 433 R T 20180620 20180704 20180722 20181202 20190115 J R {F 20190227

2 #FREiTiE

2.1 BRRRERKESN

2.1.1 FA R IR B AR A v I i e BE AT X BOE S A K, AR S A SR AN 3. h P 3
TR A [ o P X IO A E AR AE 95% ELAR XTI A, St B HR BB O 2t A, R AR I 4 & EMC ¥k
JEFAT B0 (0 % BOE A5 A v, B $ G0 O 5 P (8 BT 30 2 A e Y R kL 0 Bk R
20180704 HH7ER AR AR MARFUKEE Pb (54 (H)5 , 7R RN 6 YA REN S b & A (EE
D) FREERE (SCHIX) L 1 508 (I S SCA PR X)) A A (Rl D) S0 e v SRAE BT i 00 5 4 A 8K, T
AR 4 TR AL R RE AR OL. P, SR 73 Hr L Lk Wl s 25 258 .

Wap T 7 A AR U I A 2 ok S8 7K AT, A T3] 246 28 ) A 70 THT A4 A6 T AR e B 22 S K, S S M
BB RSCHE R, 4 AGETTHE R AT L, Cu (Pb Al Zn 3% 2 7 AN [R] FH 3t 288 784 P4 9 20 A A A5 — 5 22 5
Horp, Cu e BERGR YL 15 4R FRAE R AR (R X)), HOR 1 5348 (D5 52 S BRI X)) FER A (FEE X)) LA
LeRE-EI5E (SCHIX) 0 A0 s Ph (15 e DA TR AR 7E Ay 3 Ak W 00 s A e PR A5G 5 Zn 119 485 5 e IX 4
hTHRE S A R A MRS B R AR, 2 LB, A 52 s AR R O, R 3
Ak W S AN TR R L 52 B AN [R) < A 5 e

T MR TR i ZOK BRI TR ARE) (3 2) , LAY B TSR GE T, Cu e Bl A%, 4 A I s ik T
I 2K B I oK A EE A1 25 15 50% 5 Zn Ye 25 Cu e B2 R BOMA], B8 b 1 10 280K I (54% ) 5 i P ¢ 2
AR, N T ZROK TR 45 V FOR AT e, 3 Bl 2 R R 7 20190115 B FR K AR AR e v, P ik B2 35
WA A AGE A R B~ (B R B, nT LUK BRTE SR IR DX B 4 /> i 50 T R A 0 v, Zin Cu ¥R 2
£ 2K Bbrifi s Ph ¥R B V 2ROk Bibife, Ferb AR 6 Pb ¥R Ry
202 FLBERAHKX LI EMC (E A RERITTRAS W0 0l 48 B4R JRE & i 3 J ViR B2 ) 20 A R AIE. 1A S
PR, G5 K F , EARIE Zn 153 2 LUBOR ZSAFAE , Cu Al Ph #5345 T S AL

R 4 R0 I 3 B AR o I T K TR 28.25% 264, (ELFC IR R AR I 0T 7K PRIE ) 4 ok 2
9 BTk k 35% ~75% . BITRARSKURS 12 , WUAM B 2% AL AEAT S FRAE T A5 300 1ot W00 a2 o o JOORS P 19 7K
VA KSR FEIGE , I SRS R VA ok T AR 3L v o 4 J X K PR T 9 A 25 KUK 6 3 S 2% JH b 2 A i T (AR



FIEFRE . KRR NIRE RE AR E R S RABR T E4LE G A S RS0 1625

99.5¢ o MUK P 9.5 o NI .
o B[ TREAMMIK o B[ o FRREASMIE
2 -—— LIRE ML ) —-—— FBRE %
& 70 . 2 70t ;
R KR g
40 i 40t
Ka Ka
E 1ot H 1ot
N </ CultyiF A BRI N ZnffTF AR
mu=-4.35502, sigma=1.45965 mu=-2.0883, sigma=1.57505
-10 -8 -6 -4 -2 0 8 -6 -4 2 0 2 4
InC/(mg/L) InC/(mg/L)
99.5F & TS

_ o 95p e THREME AT

& ———- FIRESME

& 90l

& A

m 40t

Ka

=10

PbAYIE AR A
Ir - mu=-3.30493, sigma=1.90451
-10 -8 -6 -4 -2 0 2 4

InC/(mg/L)
&l 3 AN 4 S X EOE SRS

Fig.3 Lognormal probability distribution of different heavy metals
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Fig.4 The EMC values of heavy metals in different land use types (n=71)
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Tab.3 The existing state of heavy metals in the particulate matter in different land use types
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Fig.5 The average concentrations and proportions of different heavy metals
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Tab.4 Detection results of heavy metal content roof runoff in China

Hb oS, kiR ) Cu Zn Pb
(RN T pg/L 19.4 131.0 19.9
MR IR ! pg/L — 15.3~27.9 8.3~12.4
T T R R pg/L — 28.2~45.1 4.8~18.1
TN+ R T me/kg 164.1 1124.8 212.2
I R T mg/kg 184.1 1087.1 195.5
LU W TR e i LY mg/L 0.0120 0.0630 0.0166
LB T s mg/L 0.012 0.144 0.006
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Tab.5 Statistical results of risk quotient (RQ) of heavy metals at different monitoring sites
RQ(Cu) RQ(Zn) RQ(Pb)
WA
L EHIE L EHIME L EEIME
FEX 0~48.33 9.65 0~13.51 3.72 0~72.65 15.58
HIX 0~55.60 13.41 0~4.24 1.52 0.11~80.12 16.00
T3 s SCAR PR X 0~62.01 13.84 0~25.94 9.05 0~100.95 17.26
RIS 0~59.12 12.65 0~19.46 5.83 0~116.01 21.19
LA 12.39 5.03 17.51
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Fig.6 RQ value of heavy metals in rainfall

events in different land use types in Suzhou
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