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Pollution Characteristic and Potential Risk Assessment of Heavy Metals in Surface Sediment from Fuhe River
and Baiyangdian Lake, North China
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Abstract : Contamination of heavy metals in sediment is an essential component of environmental pollution assessment. It is also regarded as
very important parameters reflecting water environmental quality. Pollution characteristics of heavy metals(Zn, Pb, Cu, Ni, Cd, Cr and As) in
nineteen surface sediments and three soils from Fuhe River and Baiyangdian Lake, North China, were investigated. The potential environmen—
tal risk assessments were conducted systematically by using the Index of Geoaccumulation(I,,), the Potential Ecological Risk Index(RI) and
Sediment Quality Guidelines(SQGs ), respectively. The potential sources of heavy metals in sediments were examined. The results showed
that average concentrations of Zn, Cu, Pb and Cd in sediments from Fuhe River were 1 147.1, 190.5, 109.7 mg-kg™ and 3.3 mg-kg™, respec—
tively, whereas these in sediment from Baiyangdian Lake were 269.4, 31.3, 16.3 mg-kg™ and 0.3 mg-kg™. The concentrations of heavy metals
(Zn, Cu, Pb and Cd) in sediments from Fuhe River were higher than those of Baiyangdian Lake. The heavy metal contamination of Zn, Pb, Cu
and Cd in surface sediment from Fuhe River was serious. Potential ecological risk assessments indicated that the potential risk of sediment
from Fuhe River was larger than that of Baiyangdian Lake. The heavy metals in sediment sample from S3 indicated the highest total toxic units
(20.93) among all the sample sites. Correlation analysis suggested that heavy metals in sediments from Fuhe River and Baiyangdian Lake
might come from similar sources, which were possibly from industrial and domestic sewage discharge and the smaller metal refinery plants a—
long the bank of Fuhe River. In view of the potential ecological risk of heavy metals in sediments from Fuhe and Baiyangdian Lake, control
strategies and suggestion were provided, based on city environmental management, ecological restoration, environmental education and com—
munication.

Keywords: heavy metals; pollution characteristics; risk assessment; surface sediment; Fuhe River; Baiyangdian Lake
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Figure 1 Sampling sites of surface sediments in Fuhe River and Baiyangdian Lake , North China
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THEFPRICTTARY) (B 3R )05 g FRIUM R
FRH, A VERSER 5.0 mL, AR 2.0 mL J5 , FAR 0
WEET, BEIA 1.0 mL SER, MAEERAMWE
RO SRIGH 5 mL FRfisBR (AR E R 1:1) % fibe
MR E Y, R 25 mL KBTS, g,
HAEZE AR R FRBC 0B (5 6800)
M %€ Cu.Pb.Zn.Cd.Ni #l Cr; % H,S0,~HNO, JH &
UUR A 38, SR 5 R RGE TR 9 6k B (ke
THALEY A AFS-230a)5E As®, 43 6 M hif—
AT, FAT M AR 21 I TE 15% AN o
1.3 #BDHT

% Fi SPSS11.0 B {4 AT B S MR A ¢ K 3, FH
Pearson XM & & BITRZBAIMXRER, BEHK
i EH 0.05,

2 HREWE

2.1 MBEMHPEEE D HIFI

DB EES P ESENCSERILE 1. £
P UTRRYIRE i, Cd 1 As B9RS H 2353 8 57.9%
1 78.9% . WRZIRY S Zn Cu . Pb.Cd ) F1y
EEAHN 1147.1,190.5,109.7 mg kg™ 11 3.3 mg-
kg™ HVFEIERZTIHY S Zn Cu Pb.Cd P& &
S5 269.4.31.3.16.3 mg-kg F1 0.3 mg-kg o JFFIA
MEFEZELS RIS ENBRERRKRZER  EP I
ZIATMHESBLERANBEERES THERE (P<
0.05), XFIHE5 MY 1R & T A TE 15 /K F Tk
KB XK, Y871 VORHRA , PR T m A HERCE KA
k2 200 %, FE P K4k AL T B 7 (ERYL AT
S 1\Y, BHEBUR K B2 30 7 to TRk EEM
T AR EERE FhYE. BRRETE
ZEBIEKAHE, HE1EKOEEARFI5KHEK
BN R IR FARAETTTERS, B 20 t22 60 EALK,
JFRIEEE o AR T HETS 905 BT . EIPRTE SR
BRI 20 e 70 FRMEL T
1991—1993 4 [a], o E B2 B A AH R B Bt v R VE
X 3K 5 Je i AT T IR ABFSEM; 2005 48, FHCR}
WAL I PEVE VR TE S BUR AT TR M, 5 20
20 90 AR BERAE L, JRTRITTER I Cu.Cr.Zn As
&R TR B, 1M Pb.Cd HFEEESR
FHE S NI (3 & B RIE R K BEETEDT
Y Cu M Zn B RS EAF R BEE, TS
G KICA R R & TR AL A 5%, T A EERE
JURRYI Pb F1 Cd M F3H & B2IEEA K,
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Table 1 Concentrations of heavy metals in surface sediments from

Fuhe River and Baiyangdian Lake ,North China(mg-kg™)

KEES Cu Pb cd Ni Cr Zn As
s1 154 147 <01 229 633 9722 938
S2 1394 1039 <01 401 272 12060 109
S3 7921 4586 18 490 1179 20725 243
S4 5930 1856 12 39.8 1032 6910 182
S5 31.7 180 <01 266 762 47527 19
S6 2434 1520 50 308 79.8 4633 149
7 89.9 719 30 648 1379 4333 236
S8 1154 1193 18 241 666 8986 140
S9 1203 1090 80 766 1921 7697  26.7
S10 599 204 33 608 1346 3149 180
S11 332 203 <01 264 750 4947 17
S12 524 244 21 298 893 6967 82
S13 214 195 03 205 530 2758 <0.1
s14 277 139 02 286 727 3403  <0.1
S15 198 87 <01 288 665 2675 <0.1
S16 784 278 04 222 617 2219 07
S17 370 976 <0.1 335 747 3031 52
S18 142 216 <01 202 522 2005  <0.1
S19 206 130 <01 217 618 2766 9.8
S20 330196 15798 7.0 261 61.6 447395 481
S21 44207 18151 20 1565 5467 72483 810
S22 52092 14097 1.6 647 87.8 228540 13.8

ERL* 34 46.7 - 20.9 81 150 -
ERM 270 218 - 51.6 370 410 -
TEL 18.7 30.2 - 159 523 124 -
PET  108.2 112.2 - 428 1604 271 -

T :* ERL 1 ERM 351 32 7% 200, 11 BB R A 1807 91 Fl {85 TEL
1 PEL 53511275 o s 52800 e BE AN SRZBNHEE

ERL:effect range low, ERM:effect range median, TEL:threshold ef—
fect level , PEL: probable effect level.

e e e o A SN ERA 2 SR CIE I = PSR o)
Y 7 R ES RIS R, 45 R B R R
1 Cd.Zn.Cu 1 Pb B F & B ALEEHRLE
w{HY 46.8.16.9.9.5 f5F1 4.6 i, T HFEERRETT
B Cd.Zn f1 Cu ME B FINEEEF LT RE
) 4.2.4.0 f5F0 1.6 £, R A BEFE TR
Cd MEERTHMESLBIENSE, HECGH
Bl ER LTS E OSBRI, UL Cd 26/
A PEVE TS Yl H , X — P9 45 R 51 5 S B
FEERIA B LT 12 RS H,S2
(i ) . S3(FEE) S4(F ) .S8(X H ) (SO (BUTE )
KREEZESBEATER™E, HP S3 (FFE)Cu
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(792.1 mg-kg™) 1 Pb {5 & 5 =5 (458.6 mg-kg™),
S9 (B )Cd (7.98 mg-kg™) . Ni (76.6 mg-kg™).Cr
(192.1 mg-kg™) 1 As(26.7 mg-kg™) H) & B 5 ;S5
(P )Zn(4752.7 mg-kg™ ) B35 By o MRAE AT
B, R PR E T AR AR TS 15 2K B TS T, B AR
W55 ST RIS T R A Tl K, AT
ARBEWEKPE. S2(3h¥iE ) S3(FE )AL FI-E
X, S5(#hA ) BE B HETS BT R e, AR 1 5 K Al
TR BRI HE™H, NTRRELETER
= o

XTI o (L MAELRR I )3 A 338 i v (520,
S21.822)E&BHT T i, HKES RS ERER
TR R E DO Y E 42 )8 % & (P<0.05) ,Zn,
Cu.Pb.Cr.Ni.As.Cd B & B0 5k 24 947.2.14
216.5.1 601.6.232.0.82.4 .47.6 3.5 mg-kg, +HEkE
w7 RV E &R RS B R TRy T E
£JEH) 21.7.74.6.14.6.2.4 2.0 3.1 f5F1 1.1 4%, B H
FIEILE YR 92.6.454.4.982.3.3.3.7.9.1 1% 1
12.0 £ . AR EEIE R B AR ) (GB15618—1995) 3
B3N TIERGESEGREE Y, FRER,S20
fL5 Cu Fl Zn 193 B8 H IR T & = R E(E
83 51 89 £, DL EAREGER BN, TR 2N
HMHER HIEZES B H, XATRESMIE
HLAR B ST RS IR ENE S A R R o N
A/ IMED 8 3 e R 1 46 TR B A B 7 =X, AR X
BB AN ENSE, TAESREX 5 55 i [F
PO PSR id s A R SRR
22 AP ESRETREX ST

R T EIE R T RPN ESETR
SR AIAHSCRIL , ABF SR R PR RE R B TR Y
S RhE4JE TR AT T Pearson FEAMT, 45 A0
T2 PR, HTF Cd Ml As RIERRS RS PR FE2E
SIMTANEAEXRITR AR 2 ATLUEH,BR T Zn F
Ni.Zn F1 Cr LASL, HAWE & REITR Z AERFEEAR
RREEMACRR UL Al H R B VTR
i) Cu.Pb F1 Zn fFAEIE R AR AL a3 , [R] It 336 BT i
3MESEIGRER —EMFEM. CuFl Pb AIFHE
FRECKTF 0.8, ULHAPIE 2 0] 155 B IEAH R
2.3 BRYHPESENTEITEN

T EHERE T R - B R R DU
HERITTR B AR GE  ASCRAMER R
18 0¥ (Geoaccumulation Index, I, ) Fl 7 76 A= 725 XU
5 550 (Risk Index, RI) XA 1 2 B VE TR #EAT

R 2 HA-BFERENMRAYPESCESERX S (n=19)
Table 2 Pearson correlation analysis of heavy metals contents in

surface sediments from Fuhe River and Baiyangdian Lake,

North China(n=19)

Cu Pb Ni Cr Zn
Cu 1.000
Pb 0.874%* 1.000
Ni 0.691* 0.493* 1.000
Cr 0.532% 0.463* 0.765%* 1.000

Zn 0.479* 0.468* 0.407 0.367 1.000

T RORAHRREE 0.05 K L B#E,* FIORMRREIE 0.01
KFERE,

Note: one asterisk indicates significant difference at 0.05 level, two as—

terisks indicate very significant difference at 0.01 level.

VI PR s A 2 BT R FEHE (SQGs ) I #r H:
AR FMERR . [ Cd #1 As ZESR A UTEUIAE &y
H i, BT ATE TR 4 R R RIS BORAE W E X
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FE, ASCR AR E KRR ER L S EE R
SIEAED; 15 ATFRERBEREER, % L.
HAEELSBERNS R T AEHR, FECHE0)
T (1,<0) (1) (0<l,<1) . ()R (1<l <
2) (B)H B (2</<3) . (4 IR E (3<l<d ) . (5) 2 E
(4<Io<5 ) FN(6) R T T5 G (Lp>5 )34,
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CE¥ME R 2.88), 15 4F2 5 MR IS L BIRE TS
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AR Tk K ATETE K K EHERAE 565 Cu 1) Iy,
TEAS SR BR T ST )R s A1, L (BTG I 7E
0.07~4.71 ZJa], is YR B N R Vs e 2 = E {5 4L,
S3 1 S4(A& AT M) A RAF S Cu 5 YL iR ™H ,
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ZHCRFE S H Ni Al Cr B L, (E/NF 0, ULBANFRIZZ
Ni 1 Cr {5 PR RR . 28 B, AT 12 AR S
HERBITRGRABEERIUT A Zn>Cu>Pb>Ni= Cr, £
SRBMAMMERER BT SLGEYE ) .S10(Z M
B ST FH ) S12 (235 KAF )4 A RAE s 4h , H
MRS ZBNEL BN EIF Y, P S3(MEFE)
A SACT W )5 Ye e =, ¥ FHFREM S ,Zn /Y I,
AR A K, HAE 7 0.81~1.58, His e R AL F
BEET5YL; Cu 78 S16(GE3E ) F1 S17CEMIE )M 1, (E
43BIH 1.38 F110.29, 154 4% ; Pb Ni I Cr 7E A7
TE T ANRAE R Lo (BN T 0, X UL I IERZ X 3
MELSETCERERENR . GAFEX S MESRET
RXAETER T Yy, AR R B IS e B EE IS Gtk
A, BELR YR E IR Zn>Cu>Pb=Ni=Cr, 43C
FIFAMA BREOMM AR ES RIS REFRNER
558 EHA—3, 2005 4, BFRER TR Cd 55
R BIGRFEE , Pb 15 Yk B 4575 Y2, Cu Ml Zn
KA IG5 Y s AR LGSR Zn . Cu Pb Ni Cr FEHE
By, KRB TR - B YR X W] BE
53075 BUR IR PR E SR TS YR B 1A % H
2005 fELIK, WALABUN G 3 T B EA SR

PRI, SRR B 2ot Ak, ER AT T
W EFEVENE N B SR X, SR SRS X U
WIS Y TER G IR
2.3.2 WEASEAEEEE (R

i 2% Hakanson T 1980 4F$2 H MW AEA DS
fEFEIEOE, XPER: FEZREZVIFYHES
JE MR Fh2S B DL BOK R B &R I5 4
TURMESE 4 D7 TR R 4R R IR I XA PEAN T vk
MIEEETNESBENEYBEAEL L, BT £
s e LR -G R, 8 BRI B A S H
HRRE ., BEASEERERDITEAXR:

RI=Y Ei= Y Tix e
Ko :RIHTIRY h 2R E S BB EASEEREG
C R H—ITTRINE; CoN R —TCR S WE; TN
MELSBITRENBEEREGE NS (FIESENRE
HEDSEE RS Hikanson 8 TILMELBHEMER
¥:Cuky 5,Pbk5,Zn % 1,Cd H30,Cr K 2,As Ky
10,Ni 3% 2, DAFRERBGUIRY BRI 2T S EE R
KHESBENSIE, KIEESENBEEESEFER
B (E) AR B &8 5 L RILRI 43 5 45§

R3 BA-BFERENRANES R TR R RIELIIIER

Table 3 Index of geoaccumulation and classification of heavy metals pollution of the surface sediments from Fuhe River and
Baiyangdian Lake, North China

RREL Cu Pb Ni Cr Zn 4GB R
I pacd I pacd I pacd I pacd I pacd I pacd
S1 -0.97 0 -1.25 0 -0.87 0 -0.91 0 3.09 4 -0.92 0
S2 2.21 3 1.57 2 -0.07 0 -2.13 0 3.40 4 4.99 5
S3 4.7 5 3.71 4 0.22 1 -0.01 0 4.18 5 12.82 6
sS4 4.30 5 2.41 3 -0.08 0 -0.21 0 2.60 3 9.02 6
S5 0.07 1 -0.96 0 -0.66 0 -0.64 0 5.38 6 3.19 4
S6 3.01 4 2.12 3 -0.45 0 -0.58 0 2.02 3 6.13 6
S7 1.57 2 1.04 2 0.63 1 0.21 1 1.93 2 5.38 6
S8 1.93 2 1.77 2 -0.80 0 -0.84 0 2.98 3 5.04 6
S9 1.99 2 1.64 2 0.87 1 0.69 1 2.76 3 795 6
S10 0.99 1 -0.25 0 0.53 1 0.18 1 1.47 2 2.92 3
S11 0.14 1 -0.25 0 -0.67 0 -0.67 0 2.12 3 0.66 1
S12 0.79 1 -0.52 0 -0.49 0 -0.41 0 2.61 3 1.98 2
S13 -0.50 0 -0.84 0 -1.04 0 -1.17 0 1.27 2 -2.27 0
S14 -0.12 0 -1.33 0 -0.56 0 -0.71 0 1.58 2 -1.14 0
S15 -0.61 0 -2.00 0 -0.54 0 -0.84 0 1.23 2 =271 0
S16 1.38 2 -0.33 0 -0.92 0 -0.95 0 0.96 1 0.14 1
S17 0.29 1 -1.84 0 -0.32 0 -0.67 0 1.41 2 -1.13 0
S18 -1.09 0 -0.70 0 -1.05 0 -1.19 0 0.81 1 -3.21 0
S19 -0.55 0 -1.42 0 -0.95 0 -0.95 0 1.28 2 -2.60 0
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Table 4 Relationship between potential ecological risk coefficients
(E}!),risk indices(RI) of heavy metals and pollution degree

E; RI ENEERE
<40 <150 BMRESEE
40~80 150~300 PEERAESEE

80~160 300~600 BEESAEE
160~320 >600 RERA A E
>320 BRI ESGE

- PR E VTR E SR B A S KUK
TEM SR N3 5 Fi7s o 7R BRI 12 SRR,
T ARSI Cd B AEASEERBI AT
160, K BRI A A ELS (EEHE N 198);Cu
WP EEAEDEE RBORT 40, BT ELER
B, Hor 83 RAE S ()T  Cu M EAES
f&E 25 (196.8), 3T 160, B RIR A D fEE
%5, Pb.Ni,Cr.Zn fl As fEIBHEADRBEERK
B/NF 40, Ui 5 MESBIIRRIRMAESE
FLIN AR 4 PRTEN ARSI B TETTRR Y T E
ERNAESEEFRE, RPN Cu.Pb.Zn Ni.Cd,
Cr.As WX AEAE AL E RBY/NT 40, Ui A
VIR =SB 5 Yk RS A ERT,

FI A A S FEF TG E(RD VRN T A1 P E
VIR P EEB TG REN, R EA L SL,
S2.S5 Al S11 REEHMASEERER TRMES;
S8 KAt p B T S ;S3.54.,56.,S7 1 S10 J& Fik
FIESEERS, T S9 B TRMMAESEEHRS . XF
FAEBFRM S .7 RS NS EER BN
F 150, K e AR FE L TRMIIN . SMATS , B
FREM G KR BRI HKERER, #ERE
Y ELSERALESEEHES TANRE., T
HASEEREB(RD, 5 E P A X a iR =
SRIGYERAML, BFRIBYESEERETT
R IN TGN S e M = B2 S 5 d A S [
R | I e IR AR S A W3 | e e
DEE BHSBEDEE MR- FESEERI
2.3.3 WEEAEWEE RS T

USG5 15 VRN R AR TR i

*5 FA-B#ERERRYE
EESRERY EEREBRERESR
Table 5 Potential ecological risk coefficients(E; ) and risk indices
(RI) of heavy metals in surface sediments from Fuhe River and

Baiyangdian Lake, North China

R E r LB
fisi Cu Pb Ni C Zn As Cd ERE
SI 38 31 16 16 128 174 00 404 %%
S2 346 223 29 07 159 194 00 958 %M

S3 1968 985 35 3.0 273 432 1654 5377 &
S4 1474 398 28 26 9.1 323 1129 3469 &
S5 79 39 19 19 625 141 00 922 B
S6 605 326 22 20 61 265 4559 5858 &
S7 223 154 46 35 57 41.8 2674 3608 iR
S8 287 256 17 17 11.8 249 159.1 2535 &%
S9 299 234 55 48 101 475 7235 844.8 1R
S10 149 63 43 34 41 320 2970 362.0 &
S11 83 63 19 19 65 136 00 385 &K
S12 13.0 52 21 23 92 145 1947 241.0 %
S13 53 42 15 13 36 00 241 400 #fK
S14 69 30 20 18 45 00 218 400 B
S15 49 19 21 17 35 00 00 140 2
S16 195 60 16 16 29 13 339 667 R
S17 92 21 24 19 40 93 00 288 #fH
S18 35 46 14 13 26 00 00 136 #H
S19 51 28 15 16 36 174 00 321 #fH®

YUk K575 Gy TR W B AR B A B A=
FHBAEMRL S, TIRYREENE (sediment quality
guidelines, SQGs ) H1 &4 b7 1 il I B (ERL ) F1% 0z 7
HE (ERM) P22 5 F R it b B0 FAE L 19 2E
AR HTR R, 8% FRIEM TR ELS R i5
VS TEAE R, — B O T, MU s e
WEEAKT ERL B, AR B RN AR > & A2 5 MU
Y5 YLk B R T ERM B, AW d s i i &
A HUTRY TS Rk E T ERL Al ERM 22 [H]
B, AW R SO (R R R AR IR T , R W —Fh )L
FhE & R E T B ] 15 B R B A R Y
P T B (Toxic units, TU ) XE SR EEHE M AL 270k
FE ST B PEL (B2 FL2Y, SRAFE a5 Stk 31k F 2
HES BT RA B (STUs ) K FIE, Pedersen 55
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Figure 2 Total toxic units(3TUs) heavy metals in surface sediments from Fuhe River and Baiyangdian Lake, North China
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