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Abstract: River habitat integrity plays a key role in maintaining the safety and health of environment, ecology, and
hydrology of rivers. To investigate the relationship of the distribution of heavy metals in sediments to vegetation diversity and
macroinvertebrate communities in riparian wetlands, the surface sediments, vegetations and benthic invertebrates were
sampled in Luanhe River. Six heavy metals, including Ni, Cr, Zn, Cu, Pb and Cd, were measured. Effects range-median
quotient and integrated potentially ecological risk index were calculated to evaluate the pollution characteristics of heavy
metals. The biological communities were assessed with the application of vegetation diversity index and benthic

macroinvertebrate-based index of biotic integrity ( B-IBI). The results showed that the surface sediments of Luanhe River
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were at clean status, but the distribution of heavy metals varied substantially in different sections. Along the river, the
ecological harm index and potential ecological index were the highest at the lower reaches. A total of 219 vascular plant
species and 105 macroinvertebrate species were collected in Luanhe River. The plant diversity and benthic
macroinvertebrate integrity was lower in the downstream than in the middle and up stream. Overall, heavy metals in
sediments of the downstream showed a high potentially biological toxicity on biological communities in Luanhe River,
reducing the vegetation species diversity and benthic community integrity in the riparian wetlands. The B-IBI reflects the
change of the structural characteristics of benthic macroinvertebrate communities effectively and has significant implications

in assessing ecological health of riparian wetlands.
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Table 1 Level criterion of ecological risk assessment

&34 EYOEY i &5 LR VA S ARG HE 4K JRUR: S5 2%
Rank ERMQ Level of ecological harm RI Level of ecological risk
1 <0.1 fik < 150 fik
2 0.1—0.5 I 150—300 o
3 0.5—1.5 e 300—600 [
4 >1.5 o >600 Wi

ERMOQ: {0 25 Effects range—median quotient; RI; 55V AE A 25 KU #84X Integrated potential ecological risk index
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Table 2 Heavy metal concentrations (mg/kg) in the sediments of Luanhe River
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kg e i TiiE
| [ 1 [0 [
E0T UL S
By 05— — — = = = = = — — — o m —— - L— - =
= 5
ﬁ a; 04 th E’%a
2EE 1 e ¥
Bz 02f % @l
2801t - = 1= T -
s LT T I T T e s
—
~ 180 " o
L T e e e e L - - B
< <
3§§3 10t i ??’go
%g S 90t gg
d ZE 60 e
@.g 30 #
= a - =
: L HinisiniRiRi=ininisliinl= E
2 v E R P H B £ E £ K 2 H
2R L & g g v T mo@ K H H X
K I i & £ B < % = = I O
L - - o o H O OH <
— — — <+ — — — - 5 i & Ny 5
~ 3 43 3

B2 FARBYESENLZE ERMQ FIEE XK 55 RI

Fig.2 Effects range-median quotient (ERMQ) values and potential ecological risk indices (R/) of heavy metals in sediments
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Fig.4 The macroinvertebrate density, biomass and benthic macroinvertebrate-based index of biotic integrity ( B-IBI) in Luanhe River
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Fig.5 Principal component analysis (PCA) of macroinvertebrate species, vegetation communities, and sediment indicators

G o P by mt S X BRI, T AR A AR I B A K BE G A T2 UG | B8R 15 YK 12
AR, (B R BOK SR TURR Y 463 5 AT TEDBE AR , A5 P a4 s Yo R b v R il s i) 28 B0k 1o e e
JE RG] 5 TS R W BLUURR Y S R 15 YA L T b A R B A T TS YK, AR S R RRE
i FAEAN [ okt 1) T4 J 25 B B ORI S0 AR B 0 AR o rh R P I b TR 45 o B R R K
—E R LU Bl T REX T 7K 28 DURR ) B <5 i o A1 3 R T

] T 4 R A U SR ST A R0 S DDA DG B i) Ll A b i 3 T s JEURILL X, A 35
BB RGN FRR B H AW A Kk BT i o N 8 Tl AR B B IX, J) 1 A7 R A 1, T
Az Al RESE AT H 4 B A 2R R, BB Zn FEORIETHMBEMETEES L, Cu F2EORIE T S8R R,
H.Zn Cu Cd Pb M Cr il 7776 TAC AN, BT i i b 48 8 Ly, i XN V4 iR Tl &
5, Hif e B SRR AR, A B AT ST 45 SR 23 M m] R, ] B < i B R IO T Ui S X TRl A
TR 11 P R Rl | A AT i Ge0) S E

R R Z2 RV E R S P 52 B M AN A2 25 R G R ARG 2 ) SR A | %) AR Bl B HAT — E 48 R A
o ABEFE R L PR TS R 2R R R, X S E A ISR R R R A
Wy v 5 0t A A A R DA G, IRk PR s e 0 e & e R A ) A I 1, G RIT A
TR N5 BERS S B A M 005, LA A IR TR B A VAR, o 1T S BORE 0 i 52 P22 O My AR AL 3E
T BRI AR PEREAR . IR0 RSt /K A5 o o 14 B B4 /s AR ), X A S5 A A 70 B0, 4 LA
BN Z BIPLBmE  HPESE R I ARD A R RS AT, TR R RO e R TS e AR T B
e AET WA Sl A e R B R T R R B, o M I P R RE R SRR S e R — D R R SRR B
PRI DR AR A, L TR R R IE AL 2o A VT A A B 0 S BB v e AR A 0 85 R O AN BB VM S W
A3 8 X BRI DR 1 (KR R, 310, 25 IS 45 ) A 7K PR JE AV s A 0 o T 4 TR 15 e A 7, & B 1L 2

http ; //www. ecologica. cn



53 LhHE A DAL R Y U T <GB A XA U ot 22 R MR 3l A B 5 R 1) 52 ) 2009

PRICRH BE DU P S SR B S TR R TR AR AR I E W KRR S A B 5 K IS B A
SRR Z EA R, B S E SR & R RN B E EAE, Wang 5512 BF50 R T LARRICH £ 18 2 2%
BB (DARESON F) S UURB s TR BE S 0 38 TEANSG . DAAERI S U W Bl i) S D0 AR 7 e e 2 3, 308 7>
TS5 SRS Sy 49y 22 HE A 34 | KR IR sl el i A 2 AR e B O SURR AR ), AR R VF 2T 50 3 S IR B
W56 B VEFR A ( B-IBI) £ WUV h A i T S5 A D BB AFAE , PP R A 28 R Ge e 22 A58 rh iRl R
P IEATS S ) e Bk A2 U WU R ) v B 4 i T QB 1 T 0 AT S W A A Tt 95 o ) 8 o 66 A v %
PR% BE AN A Yy a8, 3% 5 O DR 4 A -5

THR A R AR ) AR AT Sh 7 55 DURR W) o B DA OG, (I DURR M RiAR 15 e 5 i VB SRR KF-55
RFAE A RS AT RES A T AR AL AR h TR 43 R S YK S A Y TS R 2 R I AT Bl
Wrse B PE R SEOC R UL T B3R 15 YL R IR 1 KRB b, X AR B A1 R AV 2l 0 2 0 A 5, 7 8 P 3 s
SR ¢ITAN

4 ZR5EWL

(1) B TR SIS I (R B A Y ik s () 22 S e T 3k T e DU AR ) o 4 8 A ) R 1k A 3 RNV A 2R
AU T A e, R U AR B DU A S RS YL

(2) A=y PR R B A4 AR ) 219 Ff, KAELTCHE HEIRE s 105 F, T WA Y 1 V% 0 Fb 2 R P i
1%, BRI b s R AR BB s BN, K TR U, U A A e R 2R e 2 TR S e R
e, BB AR s ), B B A R 7 Shannon-Wiener #5848 H 1 Pielou ¥J4) 40 J BA &M%
(P<0.05)

(3) B e B Ve T e de 2=, A b b i) B A SR as 1 AR e AR s W) 2 B IR B IR 7 T4, IR
WA S Y s e e SR R AT (0 EWE R N4 25 . 36T Kruskal-Wallis 75 B9 [R) 0] B 2 ) 56 B PE 45
BAESER I 455, T iif B-IBLH8 8008 T Ll fnrbie , BAT i EPE 25 5% (P<0.05)

(4) FRIT A s R s 5 —HE e Bl s R AR B R 2 A2 W B R0 R B (ERMQ) |, DA 4
J& V5 AR B S YR AR B SO 5 S ) S SR PEFR B ( B-1BL) S A SC B TR TS YLK PR 5
U I LT | R R 2195 s RS 7 2 e

AT O RR A 2 5 M Y0 P58 I R A 28 i 5 o B R O, ARt B A B L — 25 i s YL IR R
PR AR T TS G HE RN AR M T 55 % | 76 70 DR B B TRl K 5 Ml A A2 4 VAT 2 e T R R A
G 2 H , AR5 r 0 B a5 SR T I DR ) B V5 Y W R ke B A A RV N B B iR R e A A AR 2 T4
PRI R Y AT S S A S T A AR U5 YRR R I I 6 FR TSI R A B DR A Y A
FEPEFURA 24 50 B 18 50 B-1BL 9 AT I 7K SC-7K R /K A 28— Ak Wi 5 KU IPAN FE iR &

5% 30k ( References) ;

[ 1] AlmeidaJ A, DinizY S, Marques S F G, Faine L. A, Ribas B O, Burneiko R C, Novelli E L B. The use of the oxidative stress responses as
biomarkers in Nile tilapia ( Oreochromis niloticus) exposed to in vivo cadmium contamination. Environment International, 2002, 27(8) : 673-679.

[2] Wang XX, SuP, Lin QD, SongJ X, Sun HT, Cheng D D, Wang S Q, Peng J L, Fu J X. Distribution, assessment and coupling relationship of
heavy metals and macroinvertebrates in sediments of the Weihe River Basin. Sustainable Cities and Society, 2019, 50 101665.

[ 3] Mirzaei R, Ghorbani H, Hafezi Moghaddas N, Martin J A R. Ecological risk of heavy metal hotspots in topsoils in the Province of Golestan, Iran.
Journal of Geochemical Exploration, 2014, 147 268-276.

(4] M€, VR, &0, R, 406, REIR, BEmGE. RITH R WEs A K AR EUsE i 2 B AU RRIE B R BREERE 4| 2020, 41
(09) ; 4030-4041.

[ 5] Dias V, Vasseur C, Bonzom J M. Exposure of Chironomus riparius larvae to uranium: effects on survival, development time, growth, and
mouthpart deformities. Chemosphere, 2008, 71(3) . 574-581.

[6] GaleSA, King C K, Hyne R V. Chronic sublethal sediment toxicity testing using the estuarine amphipod, Melita plumulosa ( Zeidler) ; evaluation
using metal - spiked and field - contaminated sediments. Environmental Toxicology and Chemistry, 2006, 25(7) . 1887-1898.

[ 7] Dabney B L, Clements W H, Williamson J L, Ranville J F. Influence of metal contamination and sediment deposition on benthic invertebrate

http ; //www. ecologica. cn



2010 A E = 41 5

[8]
[9]
[10]
(1]
[12]
[13]
[14]
[15]
[16]
[17]
[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]
[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]
[37]

colonization at the North Fork Clear Creek Superfund Site, Colorado, USA. Environmental Science & Technology, 2018, 52(12) ; 7072-7080.
Costas N, Pardo I, Méndez-Fernandez L., Martinez-Madrid M, Rodriguez P. Sensitivity of macroinvertebrate indicator taxa to metal gradients in
mining areas in Northern Spain. Ecological Indicators, 2018, 93 207-218.

Bere T, Dalu T, Mwedzi T. Detecting the impact of heavy metal contaminated sediment on benthic macroinvertebrate communities in tropical
streams. Science of the Total Environment, 2016, 572 147-156.

Ubk, AR, RET, RIET. BRI S AKTE SRR A, K R REE, 2018, 32(2) ; 264-269.

ZRFCH , XIHFE . PR AS [ B 2 7K B o 4 S U5 e G R XUR A, AL BRBERL 2543, 2009, 28(6) : 1177-1184.

fiRag, RO, ERoe, 200, T L e X SRR K TS AR MO, BRIEERR AR, 2012, 32(3) ; 645-653.

FI0, LR, SO, AR, RISCE. BT R R ZDURRY T SRR I E AR Y B SRR SO M. PR TR, 2017, 11
(10) : 5429-5439.

BRI, XEE, 282, B0k, #Tse, XS, T BRSO TS AR BTN SR IRFENT. BRIERLE AR, 2010,
30(2) ; 246-253.

HWT, A, 2N, YOI, RE. 1960—2017 4R H i K 42 o BE S 4 I A R AE. UM R AR . BB,
2019, 55(4) ; 468-475.

F i, XUERES, R, e JURTH UK R Z VIR A RURLAS & 4 R IE S R e A R, ROl R BERL =254, 2015, 34(5) .
964-972.

MacDonald D D, Ingersoll C G, Berger T A. Development and evaluation of consensus-based sediment quality guidelines for freshwater ecosystems.
Archives of Environmental Contamination and Toxicology, 2000, 39(1) : 20-31.

Roach A C. Assessment of metals in sediments from Lake Macquarie, New South Wales, Australia, using normalisation models and sediment
quality guidelines. Marine Environmental Research, 2005, 59(5) ; 453-472.

Hakanson L. An ecological risk index for aquatic pollution control. a sedimentological approach. Water Research, 1980, 14(8) . 975-1001.
Huang Y, Chen Q Q, Deng M H, Japenga J, Li T Q, Yang X E, He Z L. Heavy metal pollution and health risk assessment of agricultural soils in
a typical peri-urban area in southeast China. Journal of Environmental Management, 2018, 207 159-168.

TG, A, KA, IRV, ARG, XSEA. FHEWIDIIRY E GE 2 WA A A R AR, T E R AL, 2019, 39(2)
802-811.

WU, IMEE, XIWLL, BRI, A&, . R GERBID R R AN Rl R AR B R AR M VR 251 5 2R PERIF Y. RO AR, 2020, 28
(1):184-192.

Shi X, LiuJ L, You X G, Bao K, Meng B, Bin C. Evaluation of river habitat integrity based on benthic macroinvertebrate-based multi-metric
model. Ecological Modelling, 2017, 353, 63-76.

Shi X, Liu J L, You X G, Bao K, Meng B. Shared effects of hydromorphological and physico-chemical factors on benthic macroinvertebrate
integrity for substrate types. Ecological Indicators, 2019, 105 . 406-414.

E RO )R, P EPEIEIE. PE TR S RE. AU PEFERA L, 1990.

FOLL, b, AR, MR, BEEE, BUAR, Apl. BEWRSRUUARY) A R A A AR S XU PP M. Ak, 2012, 31(6) .
1000-1005.

MR, PMVRGE, R, PR, BRI R A ARG E i DR TR T A AR S KU Y. BREERR, 2012, 33(2) : 606-611.
FRATRE, BAOREE, RESCH, BN, ERR. A i i ok R R Z VU I AR SR TS JokoP g, SRERREAEIR, 2015, 35
(9) : 2860-2866.

Lenat D R, Penrose D L. History of the EPT taxa richness metric. Bulletin of the North American Benthological Society, 1996, 13(2) ; 305-307.
Wang S P, Wang Y H, Zhang R J, Wang W T, Xu D Q, Guo J, Li P Y, Yu K F. Historical levels of heavy metals reconstructed from sedimentary
record in the Hejiang River, located in a typical mining region of Southern China. Science of the Total Environment, 2015, 532 645-654.
Zhang G L, Bai J H, Xiao R, Zhao Q Q, JiaJ, Cui B S, Liu X H. Heavy metal fractions and ecological risk assessment in sediments from urban,
rural and reclamation-affected rivers of the Pearl River Estuary, China. Chemosphere, 2017, 184 . 278-288.

JAgHR, SRImAe, RAL, PN, ML, E4RE, KR, B TR Y 2R s gk ol makdL IR SOk AR, 2015, 13
(3):448-452, 462-462.

ST, TN, BEERAL, MR, K, FHRE. BRI S RN S A R E M AT BREERARLAE ) 2014, 40(6) : 1-6.
Peng F J, Pan C G, Zhang N S, ter Braak C J F, Salvito D, Selck H, Ying G G, Van Den Brink P J. Benthic invertebrate and microbial
biodiversity in sub-tropical urban rivers: Correlations with environmental variables and emerging chemicals. Science of the Total Environment,
2020, 709 136281.

UG, XA, HOHERL. VR VTR K B I X 18 T A DR B R A S W R S e R IR . A AR A4, 2019, 28(1) .
117-127.

s, THW, ki, B, I RESRAURME Y 5 RIZTIRY ESRITR. LS, 2016, 25(2) : 286-291.

FHMS, gold, MREET, FRBH, skiz, T2, Wik, R SR S 4 A4 1) o8 B v 4 B RPN . T I ERERE MR, 2019, 35(4) : 50-58.

http ; //www. ecologica. cn



