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Abstract: In order to learn about the status of heavy metals and ecological risks in Chinese lakes, species sensitivity distributions
(SSD) method was applied to assess the ecological risk of six kinds of heavy metal (Zn, Cd, Cr, Cu, Hg and Pb) to freshwater
organisms, while principal component analysis was applied to analyze the distributions and source of heavy metal. The evaluation
indexes are including the potential affected fractions (PAF) and multi-substance PAF ( msPAF) , which rank the ecological risk
levels. The results showed that among the 18 lakes, the average concentrations of Zn, Pb, Cd, Cu, Cr and Hg were 17.06 pg/L
(range is 4.03-29.33 pg/L), 9.33 pg/L (range is 0.04-33.7 pg/L), 5.56 pug/L (range is 0.65-40.0 pg/L), 3.71 pg/L
(range is 0.02-10.2 pg/L), 1.17 pg/L (range is 0.01-13.6 pg/L) and 0.19 wg/L (range is 0.03-1.04 pg/L) , respectively.

The distribution of heavy metal in 18 lakes was reflected by three principal components with the contribution rates of F1 ( Cu, Zn
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and Hg), F2 (Pb and Cd) and F3 (Cr, Cu) were 28.50% , 24.17% and 18.40% , respectively, which was less affected by eco-
nomic and geographical differences. Different kinds of heavy metal have different HCS values for all freshwater organisms with Cu
for the lowest HC5 value ( the order is Cu<Cr<Hg<Cd<Ph<Zn) , indicating freshwater organisms have the highest sensitivity to Cu.
In the selected 18 lakes, the order of msPAF of heavy metal in each lake was: Lake Hulun (67.0% ) > Lake Luhu (56.7% ) >
Lake Erhai (52.7% ) > Lake Jinyin (52.3% ) > Lake Taithu (40.5% ) > Lake Moshui (39.3% ) > Lake Gehu (30.2% ) > Lake
Poyang (26.8% ) > Lake Hongze (23.1% ) > Lake Gaobao (22.4% ) > Lake Chaohu (20.7% ) > Lake Wuliangsu (19.7% ) >
Lake Donghu (19.1% ) > Lake Liangzi (4.0% ) > Lake Tangxun (2.0% ) > Lake Dongting (1.0% ) > Lake Honghu (0) = Lake
Luoma (0). Based on the above work, the ecological risks of heavy metal pollution in lakes were evaluated, which provided a sci-
entific theoretical basis for lake risk management and protection.

Keywords; Lakes; heavy metals; freshwater organisms; ecological risks; species sensitivity distributions
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2 WA 6 FhE R YR (LCs 3 EC)) (png/L)
Tab.2 Toxicity data (LCs, or EC5,) of the six kinds of heavy metal (ug/L)

Sl Zn Cd Cr Cu Hg Pb
125 (1Cs) 631 302 22400 201 185 100
W HE(ECy) 49 58 301 13 22 2
HI5E35(1Cs) 377 129 75 25 26 26
A2 (LCs) 4404 144 410 — 220 35
TCEHES P (1Cs) 123 226 50.5 75 30 67
BRI (1Cs ) - 46 — 179 22 40
B HL (LCs) 2550 149 872 — 45 14
PIEsh ) (LCsy) 1072 170 29600 67 80 —
Bl Eom 21 40 16 16 40 21

b
HC(q) = ————r (2)
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i, ¢=0.05.
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Fig.1 A typical SSD curve and its applications
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Fig.2 Concentration of heavy metal in waters of lakes
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Tab.3 Pearson correlation coefficients of heavy metal in lakes

LR Pb Cr Cu Zn Cd Hg
Pb 1.000
Cr -0.262 1.000
Cu -0.035 0.345 1.000
Zn 0.109 -0.152 0.325 1.000
Cd 0.238 -0.029 0.018 0.109 1.000
Hg -0.287 -0.051 0.359 0.262 -0.022 1.000

FEAEMER T 1A 5047 FILF2 FTF3,5X 3
AT I 2 TR 71.07% , i T 18
ANRIKIIA 6 Tl Hi <5 Jm 0 3R 4 23 A1 15 B0 B9
71.07%. H, SFHEZERT 3 09 4 W Fb4T4y  BUr RRIRE Jr2ETURR/%  RHJT 22 TR/ %

=4 ERA ISR
Tab.4 The main calculated results of PCA

MrE &ae & &MU M IGRaE R, F1 7/ 1 1.710 28.50 28.50

F2 B9 77 22 5Tk R0 71 8 28.50% F1 24.17% , 2 1.450 24.17 52.67

T8 155 T 0 4 B 5 SR P i H At PR R T X 3 1.104 18.40 71.07

A BT T3 o 8 4 T 5 B 2 B A LA 4 o818 13.64 84.71

PEPEE X (F4). hE 3 W, CuZn FI Hg 22 0 OO 067 94.38
. 6 0.337 5.62 100.00

F1 N I B A A% 09 1IF 2867, Pb Al Cd 7E F2

BRI ELA A 9 E 2m7 1 Cr F1 Cu 7F F3

B R X IE 2R A, AR 35 R4 4 B i 12- Fl1 F2 F3
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A4 C % PP 2 0 MG PE R AR e S 0

() E B2 BURSY , 3 I W30 P B 4R 1 R . 6 6]
0.018~0.359 22 [i] , {3 I i (4 KT M 125 7 - e 55 01|‘ |
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A TTHR AR 24.17% , EEALHE Pb Fl Cd; % 3 & Fig.3 The loading distribution of
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Fig.4 SSD curves for different kinds of heavy metal to all species
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1 Cu<Cr<Hg<Cd<Pb<Zn, 45 HCS {E1 7 5L, 6 M 5w %R K Az W 00 A 25 KURSE AR U ARG A ) % 2 7k
JER AR Cu 520 Y2 5 RN HL IR, RIGIR A A= 0 4 A 25 KU B K s B4 JR Zn 520 1 4 B o L f91
/Iy, RIA= 2 KUK fie /1N, HCS AELHL B B T3 K A W0l B <3 Jos e 38 9 B P 2 S, HLCS (EDBINBE IR K A= W)
TR G TR S AR B 5 Z B R Cd \Cr (Cu #I Hg 4 FPE G J8 (9 HCS {EHE4/N T 10 pg/L, Hifk
JEARAEXHR AKWIIA A 25 R GESE LR 5 107 Ph A Zn B XHRAK A AR 25 2 G2 152 W AH X 55N,
# 5 6 FhE G E X 2R YA HCS {EH(ne/L)
Tab.5 HCS values of six kinds of heavy metal to all species (ug/L)

BLE Cd Cr Cu Hg Pb 7Zn

23R4 (HCS) 7.76 2.29 2.09 3.31 12.59 31.62

2.3.3 M@ ST ASCHEN W E 4R Cd.Cr Cu Hg Pb 1 Zn ) SSD {1£k, 18 AWK A 6 Fh i 4: )
f) PAF Fll msPAF 43 6 iR, 18 NMIAH, A 13 NI E4)E Pb (1 PAF 7 0% , (UK M 2T 88K
W AR B AT 6 M ThE 48 Pb 1Y PAF 435128 2% (1% .24% (30% .52% il 56% , iX SE A7 7E
Pb 75 YL 25 AR B8R TA 2R 2 A IR T WA, 4R TP AR R DU SR 00 &b M X, T e SR R R 3T Talk 23k, 5 4%
PRI R AR A IR TT N5 KR 330 P A S XS HE 5r s 408 Cr 19 PAF 2978 5% LITF, 3840 AT &
&)@ Cr (%) PAF 5 O, A A X/ AR Cu (19 PAF ZE 210 AR T 10% , FE 7RV TE I AE S XU,
EARSCTE s A Zn ZEWINA P B BEARE A (R A R URR PR LA, PAF BRI IE 5% A K3/ 4w
Cd FERRIA HR AR BEAR AR, A S8 — - TA A Cd 9 PAF 3 16% , R LR, Cd XF IR AK A A TR R
ARG 42 JE He FEBITA K A Pk BERAIS, PAF (B4 O, XA K AR AE AR AR 2 KUK

18 NMITATE 48 1) msPAF K E/IMK IR g AR (67.0% ) > &3 (56.7% ) >THME (52.7% ) >4 4R i
(52.3% ) > Kt (40.5% ) >557K W (39.3% ) > TR (30.2% ) >HFBH I ( 26.8% ) >k (23. 1% ) > g = AIH
(22.4% )> 5. (20.7% ) > B ZRHF (19.7% ) >R (19.1% ) > B2 (4.0% ) > #h ¥ (2.0% ) > k& ¥
(1.0% ) >HW1(0)= L LW (0) (£ 6).

ARICIHERY 18 ABIIA Y, msPAF>40% B W1IA A WS 51 B 150 IR S8R0 R4, A2 B E 4 Jm TS Y i
A 25 DR T 8 Ay T, 9 1 T I IR R ) S AT B A AR R Mt 5 msPAF Oy 20% ~40% (15170 47 587K 180 | 6
BH RIS A 2 DG Ay b 5 R 0 O T kit i — 0 Ak I SR R — 2 I 1 it A AT 9 B
msPAF<20% VA SR 220 R0 60 | o 5 BT SR 0 T W R B W S AR SRR R O R
B, T EAE PR LR R KT AR PR SSD £ 0 , A A 35 KUK AR A TA A T RN 4% 5.

2.3.4 R MM N PR AR AE A T AR A KU PP A v AN BT 3RE G ) I AL, 35RO e R B R T R R Tk
JE ST A S AR 3T R XU AR R A AL

1) FEEEHT TR AT P R P B R TR S R A 1R 22 S Wi i 22 , SRR B ) ) R 5 —
ARG E TR 22 5, A A A KU PPN AT — 2 BRI M. A SCrp &30 ) 3 4 VR A
Padiok [ T A AMATF & 9 ST , 7T B 88 40T I 2332 B R[] S 36 38 B8 i 40 LA ] 2 25 T 5 1) 7
F2 AR FE N, (E T 4 e 8 (0 2 7 A B, T IR AR ) S 6 2 A 45 SR AR S PR 25V Y
WCTEARBIR G v B 88 20 W v (AN ek SR, LR DA 45 2L 14 5 2 P 32 1.

2)) BERE 43T < AR SR FH 14 0 o S A AR SRy SR 55 R 43 T AN R S 9 DR R =2 — | R4 SSD ik
B3z B AR A RS TN (AT LA 4 B0 WA B % A B A 00 S  ol F) 2 2 5H0 A HE 1) E SR SR
FEVEROSL A IR 37 e — 2 IO E k. ok, A SCHIRIE S22, 2 a8 R A% ] 5% Ml T000 26 25 R G K -1
16 E RN . A SCHEA 35 [ EPA ECTOX B4 4 # g SSD kg, 2% T hi SCkIF AL T 35 BRECHE 7 08 4%
PR )R] REARUE SL 50 IR AR R IR [ ARRAS , =T FARIRBE K (R SR B2 R -0 pH A AL 5t 255 i
FRRTE 48 B PR R AS R, 3X AT g2 4 J5 A AR B L R B G T (9 IR, AN 2o S A ke sk I A 5% i A 1
TR BRI 25 5

3) XU FRAE - T 4 & XSIVE IR K A= 0 1 A 2 R, S et V5 Y ) 2 g v R SR AR 340l 20 ok i [m] ¢
FER), P WASHR R P B SR e 8 1) T JXURG: A A ol 2 . AR S0 35 1 38K ) S B IR ) 2 Fn Tl A 5 41 21
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CSIRO $24E 1 BurrlizO 8- F A4 d Bt L3R03 A0 i 48, SR Bueel I 84 53 A5 AT U5 i 30 S 400G Jr vk
E [ AN ZS KBS P 0I5 8 AR 2132 18 .

PR, AR ST 48 R T A RO 25 T BOBEALL, 25 PR v al BE ) BLAG 5 22 P2 mT LR R RS2 49
X HCRT I RIS 222 SR T T A8 Y O VP 4 SR T SR 1 AR5 Bl — A TR R R M 5 U
ORISR RN SR T i A e AR A R G v AR AL AN D RE , U5 B 5 A v | 052 F) 2R 2 U BT
k.

R 6 WAER W LB (PAF) B 525 W AERZ WA HE (msPAF ) T B
Tab.6 Predicted PAF and msPAF values of heavy metal

HiME] ST 1 Pb Cr Cu Zn cd Hg msPAF/%
FOBHW Y Uk (pe/L) 4.4 3.13 5.4 15.9 0.3 0 26.8
PAF/% 0 8 18 3 0 0
TpEwI e/ (ne/L) 0.04 0 0.07 8.86 0.05 0.04 1.0
PAF/% 0 0 0 1 0 0
HT SEBEREE/ (pe/L) 6.3 1.3 3.4 59 1.1 0.3 20.7
PAF/% 0 1 11 10 0 0
P SRR (/L) 0 0.65 0.02 4.03 0.01 0.03 0
PAF/% 0 0 0 0 0 0
FH EYRE/ (pg/L) 3.84 40 2.9 11 0.9 0.12 40.5
PAF/% 0 34 9 1 0 0
Y EERE/ (py/L) 3.7 2.4 4.99 13 1.44 0.77 23.1
PAF/% 0 5 17 2 0 0
W PR/ (pe/L)  3.46 3.2 5.89 23.8 0.75 0.15 30.2
PAF/% 0 8 20 4 0 0
EEAMAm ) Sk (pe/L) 3.27 1.9 4.26 17.2 1.19 0.07 22.4
PAF/% 0 4 14 3 0 0
2l e/ (ne/L) 8.54 0.8 0.23 10.6 0.23 0.190 0
PAF/% 0 0 0 0 0 0
He SEHHRE/ (pe/L) 10.3 1.19 4.07 16.5 0.239 0.107 19.1
PAF/% 2 1 14 3 0 0
W SRR/ (ne/L) 10.1 1.59 1.14 10.9 0.09 0.05 4.0
PAF/% 1 2 0 1 0 0
BT SR/ (ne/L) 18.3 1.71 4.62 12.4 0.12 0.08 39.3
PAF/% 24 3 16 2 0 0
Bl SERREE/ (pg/L) 8.9 1.28 0.08 6.2 0.07 0.09 2.0
PAF/% 0 1 0 1 0 0
SRS SR/ (ne/L) 20.4 2.69 3.51 19.9 13.6 0.13 52.3
PAF/% 30 6 11 3 16 0
£ 145 SEHgHeE/ (pe/L) 30.8 2.34 1.64 11.1 0.29 0.05 56.7
PAF/% 52 5 3 2 0 0
L Ewe SEEREE/ (ue/L) 1.06 4.91 7.91 25.76 0.02 1.04 19.7
PAF/% 0 12 25 4 0 0
E- i3 147 MR/ (pg/L) 0.7 30.9 10.2 11.7 0.5 0 52.7
PAF/% 0 31 30 2 0 0
MM SR/ (ng/L)  33.74 0 6.46 29.33 0.19 0 67.0
PAF/% 56 0 21 5 0 0
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