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The Correlational Study Between the Community Characteristics of Benthic Macroinvertebrates and the
Potential Ecological Risk of Heavy Metal in Baiyangdian
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(1.State Key Laboratory of Water Environment Simulation, School of Environment, Beijing Normal University, Beijing 100875, China; 2.School
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Abstract: In the present study, the contents of seven heavy metals were determined using X-ray fluorescence spectrometry in Baiyangdian
Lake sediments and their spatial and temporal distribution characters were analyzed in April, August, and November 2011. Hakanson’s
methodology was applied to determine the degree of contamination and the ecological risk of these heavy metals: Cd, As, Pb, Cu, Hg, Cr and
Zn. The results showed that according to the contents, these heavy metals in the surface sediments followed the order as Zn>Cr>Cu>Pb>As>
Cd>Hg, the potential ecological risk index showed that the heavy metals pollution risk was relatively low in the lake. According to the impact
extent of the potential ecological risk, the pollutants could be ranged as Hg>Cd>As>Cu>Ph>Cr>Zn, the potential ecological risk index is ap—
peared the spatial and temporal differences. The community structure metrics of benthic macroinvertebrate were investigated, and the corre—
lations between the risk index of heavy metals and community structural metrics were analyzed. The distribution of community structural
metrics are also appeared the spatial and temporal differences. According to the spatial distribution, the maximum of HBI, PTT, NDT, PC,
PDT, and CLI were appeared in Habitat 1, the maximum of PIT, PNI, and CSI were appeared in Habitat 3, the maximum of TR was appeared
in Habitata 2; for the temporal distribution, the maximum of HBI, PTT, TR, NDT, PNI, PC, PDT, and CLI were appeared in August, the
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maximum of PIT and CSI were appeared in April. Through the Pearson correlation analysis between structural metrics and potential risk in—

dex, the results showed that the correlation among E! Cd, E! Cr, E} Cu, E! Pb, RI and NDT is the most significance, between E; Hg and CSI

is the most significance, and between E; Zn and CLI is the most significance. Thus, we can use the community structural metrics, especially

the NDT, CLI, and CSI metrics in the biomonitoring of ecological risk for heavy metal in Baiyangdian Lake.

Keywords: Baiyangdian; heavy metal; Hakanson potential ecological risk; benthic macroinvertebrate; biomonitoring
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Figure 1 Eight sampling sites of Baiyangdian Lake
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Table 2 The spatial and temporal distribution of chemical

parameters in surface sediment

ZHC AR 4 ] 8 /1 11 H
TN/g-kg 1 2.12+1.20 2.90+0.78 2.6120.62
2 1.7720.27 2.26+0.48 1.54+0.83
3 1.28+0.51 2.09+0.84 1.48+2.57
TP/g-kg” 1 2.68+0.24 1.4720.65 1.550.33
2 232+1.15 0.68+0.13 0.85+0.10
3 2.07+0.07 0.67+0.14 0.74+0.20
OM/g-kg™! 1 51.1126.60  70.00£7.35  53.35%2.90
2 27324852 31.17£14.76  34.50+11.88
3 26.23+440  53.87+£39.08  55.50+24.72
Hu/g-kg 1 28.98+1.75  37.85:8.13  29.50+2.40
2 1527+4.18  18.08+8.55  20.03x6.88
3 15204257  31.26222.69  32.20+14.31
TOC/g kg 1 39.98+4.57  49.15+7.85  36.45+6.72
2 16.70+6.37  18.08+8.55  20.03+6.88
3 1420£351  31.26222.69  32.20x14.31
DOC/g kg 1 0.29+0.01 0.35+0.00 0.28+0.02
2 0.17+0.01 0.1920.05 0.1420.05
3 0.25+0.08 0.3120.04 0.2420.20

R 1 BFRE 8 MRERBIASTIEHE

Table 1 The anthropogenic disturbance characteristics of eight sampling sites in Baiyangdian Lake

RFE B AR FHAFE
S1 Jb4h 38.9044° 44 115.9238° F B AR TR TS5 K 5
S2 Jb4k 38.9045°4: 4% 115.9348° FEEZ AT kT i K e B I SR, R R B
S3 Jb4i 38.9177°4:4 116.0114° FHEZIRFN N, b R 4
S4 Jb£h 38.9407° 4328 115.9997° A
S5 JL4h 38.9021°4: % 116.0804° FIVEVEM R VE A, 2 A TR
S6 Jt4h 38.8604°%< 4 116.0282° FEZ I, 2R R
S7 Jb4i 38.8249°4:4 116.0102° FREEL D W AR B

S8 b4 38.8470° 74 115.9506°

FHZ TN R A
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Table 4 The toxic effect coefficient for different heavy metals

P 7 P40 4% Cu Pb Zn Cr.Cd Hg.As FI PCB 3t 8 Fi% L Ci/me ke
PG i T T R AR LIS 27k y . o
IR T TR s Y P A OB o 3% o 2x(5) (BRI %
TR R AL, A TS Y SR i 5 X 5 Ph 5%(5)"/(BPI)2 70
HBEA T HOEE, TR T D22 5 N S TS e i 52, 2 Cu 5x(5)"/(BPT)™ 50
Y U 4 8 5 e R R R 4 f— Hg 40x(5)"4(BP1) 025
ﬁﬁ%m-@]o Zn 1x(5)"/(BPI)" 175
3 BEFRKRMEYESEEYIER
Table 3 The community structural metrics of benthic macroinvertebrates in Baiyangdian Lake
Bt E X E= PG
Hilsenhoff A W44 (HBI) % pji, s 2, Sy i RS HECH A LU 500 02 0 RTINS PR EC [32]
HSAE AL (PTT) (RS AR A F IO 100 [33]
THIEFE S (PIT) (VSRR AT A R EO> 100 [34]
FPEL(TR) Bt o T R [35]
X HFPE(NDT) XU H R [33]
AR A EL(PND IR SRR BT A RO %100 [34,36]
PRI A (PC) (R BRI AT F )< 100 [37,38]
PEAFNE AL (PDT)  (HRBFI AN EURE i A0 %100 [38.39]
REVE IR TR (CLID) CLI=dfa L e EFTAFE SIS B ECE s d B2 s IR B EG e EXT RS IR EEL  [34,39)

FEFARPIVEE £ (CSD) CSI:% L3 A SRS U BLRN LG B R X R R SRR K S C R ITARE SR BRI E . [34,39]

A TS (E(PTV ) TSRk 0~10, (PTV<4 315 Rl ;4 <PTV <6 FetEFl; PTV>6 il i5 5 ) ; i 7580 18 & A4l USEPA, 1999,
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Table 5 The division for different ecological risk

E RI TS S FE R
E<10 RI<30 MRA A
10<Ei<20 30<RI<60 A S XU
20<Ei<40 60<RI<120 B R S KU
40<FE:<80 RI=120 AR SRR
E =80 R 5 A A XU

.18 Pearson AU i i o M-l IE 2500 A1 B 2K
B, BB 30 B P<0.05,P<0.01, Giit o tria
JH1 SPSS 16.0 A

2 HRESH

21 A¥RESEREASNEHE S
HFEERZDIRY S 7 FhE SR ICE SR
1 0LFE 6, 7E 2011 4 4—11 A ,As.Cd. Cr.Cu. Pb.
Hg. Zn W B2 30 [ 43 5] 24 7.97~20.79.,0.07~0.67
51.74 ~100.50,13.61 ~61.50 .15.42 ~53.00 ,0.04 ~0.10 ,
21.90~134.00 mg-kg' (3£ 6). B4 Jm )2 [B] 4341 HLAE
HAEAERE 1 iR %A R AR S5 A L R
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3R 6 The spatial-temporal distribution of heavy metals in sediment

HeR B 4 H 8 H 114
As/mg-kg™ 1 10.79+2.13  20.79+2.60  10.67+1.65
2 9.40+1.45 17.73%1.85 9.03£1.50
3 8.50+3.27 15.77+4.68 7.97£3.00
Cd/mg kg 1 0.38+0.02 0.67+0.37 0.25+0.04
2 0.25+0.02 0.33+0.10 0.17+0.05
3 0.110.02 0.16+0.03 0.07+0.02
Cr/mg-kg 1 84.53+1.77  100.50£9.19  75.49+1.26
2 76.847.22  76.67£12.50  67.54+5.23
3 65.70£3.11  75.00+5.00  51.74%4.56
Cu/mg-kg! 1 35.90+1.78  61.50£19.09  36.49+0.17
2 28.12+1.95  31.00+5.57  30.033.17
3 20.59+1.38  27.33%1.15 13.61£1.65
Ph/mg-kg! 1 32.40+3.13  53.00x11.31  29.35+2.10
2 26.82+1.99  26.00+4.58  24.55+2.35
3 22224210  24.67+3.05  15.42+0.43
Hg/mg kg™ 1 0.080.02 0.10+0.04 0.08+0.01
2 0.05+0.01 0.05+0.02 0.05+0.01
3 0.04+0.01 0.04+0.01 0.040.01
Zn/mg kg 1 127.96+22.41  134.00£18.38  71.15+2.04
2 75.30+8.80  98.67x12.70  53.72+0.80
3 57.28+44.49  75.00+2.65  21.90+4.53

8 H WG, M 8 2 11 F B HAREAL . As 7 3 Fil
PRSP U AE 4 A 239 10.79.9.40,8.50
mg ke 7E 8 A3k 20.79 .17.73 .15.77 mg kg™ ; 7
11 J343510 10.67 .9.03.7.97 mg- kg™, HAth T 43 J& Hy it
2o As AHL(ER 6) o T A B H 42 )8 5 1 35 AH G
PE(r=0.559~0.967 ) , F B iX $L 8 4 Jag HA AR .

TEAN R A= 35 v A M e 45 Jg BT i RT A 71 29 LG RTGj
(%) G 2 itz A8 R I 2s 8 A By 22 5% 4
JAEAESE 1 AARSR 2 b, FRAAERRSR H T Hg
(32.07% F01 27.94% ) , 2Lk Jy Cd(28.57% #1 26.20% )
il As(18.03% H1 21.89% ) fEA: 454 3 h, FEAY R
AU >k H T Hg(30.77% ), Hok S As(27.24% ) Fil Cd
(15.87%). 8 J] A4 1 h A A SR H T
Cd(31.96% ), H:¥k 2l Hg(25.44% ) Fll As(22.04% ) ; 1F
RN 2 EE R A KRR T As(31.99% ), Hak
Jy Cd(26.80% ) Fil Hg(21.65% ) ; {E4E 1 3 v 844k
AR A F As(37.14% ), Hk ol Hg(22.61% ) il
Cd(16.96%). 11 F e85 1 FERp A XK A
FHg(36.32% ), Hok hy Cd(21.28% ) Fl As(20.18% );
FEA BT 2 R A58 3 EE WA BN R A T Hg
(31.15% F1 36.47% ), Hek g As(23.44% H1 30.27% )
F1 Cd(19.86% F111.97%) .,

Az SR (RDAR A4 25 (8] 23 RS FEAE B 1 v
e (R1L,;=39.91, Rl; =62.89,R1,,,=35.24 ) , Hak A
3% 2(RI, 5 =28.63,RI5;;=36.94,R1,, ;=25.68) FI/4:1% 3
(RI,;=20.80,RI3;=28.30,R1,,;;=17.55)., RI AYHF[a] 5
AT N 4 T3] 8 J1 s, mi bk 8 J1 %) 11 J
T L | o R A A KR A I 2 AR R 5 R T
PURIREE ARG (18 2),

22 BiFREMNY S IER =2

15 2011 4E 4—11 JIXF EIPETE I sh ) 51 7%
FEAI], —ERAES 13 Fhemishyy, Horp A3 1
A AT A2 A T Rl A 3 A 10 R (R 7).
HEXE L TR AR AP N T Y5 Rl Chironomus plumosus
H Glyptotendipes sp., FIK NIHEVERP Tendipes insolita
NE. A2 P LIS F O HAFRE, s R
L) Bithynia sp. . Tokunagayusurika akamushi F1 Glyp—
totendipes sp. N £ ; HIK AR Cipangopaludia
Chinensis .Cipangopaludina Cathayensis 1 Bellamya
purificata 7 F , VA AT ()3 A Caridina den—
ticulata, =355 3 R URPERCDOLHARIRE , Fetimh 3222
VL Cipangopaludia Chinensis F Bellamya purificata 4
£, HEWAFIEM Caridina denticulata 2%
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Figure 2 The spatial and temporal distribution of risk index for heavy metals in sediment

TERAERE], HBT (35 E N 4.87~9.18(S.D.=+1.68 ),
PTT (35 B 0.15~0.88(S.D.= £0.23 ), PIT (35 FE

R 7 BFEARERRRMBEINIEN

Table 7 Benthic macroinvertebrate composition of Baiyangdian

Lake
. e BRI N2 AR
S1 S2 S3 S6 S8 S4 S5 S7
B shl ] W hitmania pigra 0
Cipangopaludia Chinensis X X X X X X
BAKSNWI ] Cipangopaludina Cathayensis 0 0 +
Bellamya purificata XXX X X X O
Radix sp 0 0 0
Bithynia sp + X X X O
Caridina denticulata (0] 0 0
Eriocheir sinensis (0]
Tokunagayusurika akamushi O + X (0] X
TSI Tendipes insolita + 0
Chironomus plumosus XX XX
Glyptotendipes sp X 0
Pantala flarescens 0

Abundance classes of the macroinvertebrate taxa are indicated by : +:

2%~5%;0 :5%~10%; X : 10%~50% ; XX : 50%~95%.

+

0.00~0.30(S.D.=+0.12), TR 7L [l &y 0.50~3.33(S.D.=
+1.01),NDT f¥3E FEl M 0.67~3.50(S.D.=+0.99 ), PNI [
T FE R 0.00~0.89(S.D.=+0.31) ,PC 43 [E 4 0.07~1.0
(S.D.=+0.40),PDT B34 0.50~0.93(S.D.=+0.17),
CLI [{{5 A 0.48~1.88(S.D.= +0.57 ), CSI 478 Ky
0.00~0.60(S.D.=+0.23), MZs[0]4> i k% ,HBI .PTT,
NDT .PC .PDT CLI P KAEI R BAEA 85 1 o PIT,
PNI.CSI i RAEHE BRA= 5% 3 TR A d5c R 3
TEASE 2 vy DAEH) 4341 >k F , HBI PTT TR \NDT,
PNI.PC .PDT CLI (% #5 KA H BLAE 8 H ,PIT.CSI 11y
RAMHEPE 4 A (K 3).
23 BFERMEIMENERSESREEBEESX
R AR oK 1
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Figure 3 The community structural metrics of benthic

macorinvertebrate in Baiyangdian Lake
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Table 8 The Pearson correlation coefficient between community structural metrics and ecological risk of heavy metals

Metrics A= #3585 E As E: Cd E Cr E! Cu E: Pb E Hg E! Zn RI
HBI 0.429 0.854%** 0.817%* 0.856%* 0.827%* 0.975%* 0.810%* 0.862%*
PTT 0.329 0.839%* 0.729%* 0.810%* 0.797* 0.935%* 0.724* 0.813%*
PIT -0.626 -0.731* —-0.785%* -0.752% -0.655 —-0.723%* -0.795% -0.770*
TR 0.130 -0.235 -0.221 -0.305 -0.289 -0.657 -0.257 -0.293
NDT 0.510 0.911%%* 0.850%* 0.913%* 0.890%* 0.974%* 0.801%* 0.913%*
PNI 0.019 -0.597 -0.516 -0.630 -0.613 —0.856%* -0.484 -0.577
PC 0.188 0.701%* 0.677* 0.757* 0.723%* 0.945%* 0.643 0.715%*
PDT 0.372 0.807%* 0.759* 0.811%* 0.777* 0.965%* 0.753* 0.817%*
CLI 0.470 0.860%* 0.829%* 0.824%* 0.807%* 0.948%* 0.861%* 0.863**
CSI -0.394 —(0.833%* —0.801%%* —-0.857%#%* —0.837%* —0.983%* -0.788* —0.847%*

T % DG A VETE 0.055 %% AHSC B EEAE 0.01,
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Table 9 The correlation among each heavy metals in sediment

Metrics 4B ILE  As Cd Cr Cu Pb Hg 7Zn

As 1

Cd 0.752% 1

Cr 0.740*% 0.931** 1

Cu 0.725% 0.952**0.936** 1

Pb 0.708* 0.962*%*0.941#%0.983** 1

Hg 0.389 0.825%* 0.784* 0.870%*0.850** 1

Zn 0.696% 0.889%*0.942%%0.824**(0.834**0.708** 1

H:#P<0.05 ;% P<0.01 (BB ) o
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