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Pollution Characteristics and Potential Ecological Risk Assessment of Heavy Metals in Surface Sediment from
Changtan Reservoir, Guangdong Province, China

HU Guo—cheng, XU Zhen—cheng", PENG Xiao—wu, ZHAO Xue-min, LIU Wei—feng, YAO Ling—ai, ZHOU Yang, ZOU Jie

(Urban Environment Research Center, South China Institute of Environmental Sciences, Ministry of Environmental Protection, Guangzhou

510655, China)

Abstract: The concentrations of heavy metals(Cu, Pb, Zn, Cr, Ni, Cd, As and Hg) in eight surface sediment samples from Changtan Reser—

voir, Guangdong Province were analyzed by using atomic absorption spectroscopy. Pollution characteristics of heavy metals were observed on
the basis of background values of heavy metals in red soil of Guangdong Province and Grade I values of the National Standard of Soil Envi—

ronmental Quality. Potential ecological risk assessment was evaluated by using the geoaccumulation index(/,,) and potential ecological risk
index(RI). The results indicated that the sediments from Changtan Reservoir had been slightly contaminated by heavy metals. The average

concentrations of Cu, Pb, Zn, Cr, Ni, As and Hg in surface sediments from Changtan Reservoir were 55.7 mg-kg™, 65.1 mg-kg™, 280.9 mg-

kg™, 30.7 mg-kg™, 16.2 mg-kg™, 10.9 mg-kg™ and 0.05 mg-kg™, respectively. Cd was not detected in all samples. According to the geoaccu—
mulation index, the pollution degree of heavy metals in surface sediment from Changtan Reservoir ranged from zero pollution to moderate de—
gree. The potential ecological risk of heavy metals was slight degree. Natural factors and anthropogenic activities contributed to potential
sources of heavy metals in Changtan Reservoir, which included industrial and agricultural activities, untreated sewage discharge, and tourism
activities. Environmental management should pay attention to the surface source pollution in the upstream of Changtan Reservoir.
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EEBRE ZHETARANITE IR HX
HEBITRAETBY P S ENSMG, TUBERES
JRITCRIEIZ X IBTE YL AR IR B Bk (k2
FMT, KEVIFRYHESET#EES—RFYHE
A BB R, RBUKFE kKI5,
FEE IR SRR 20, FHiL, YR ES
JE & BB EAI BRI R R B W EESE TR i
RELR G BEKELHBHE, A BT THRIRY
H £ R IC R M HhER L 208 LR AE SO AE B A B3
N, R FHRI ek XA S5 sl 3 AR EA
YE R 7R

KEKENLFTRAE M TR BT, PG48
Vs, JbEEEA R, UK EKERIN R,
KT 1990 km?, BER 1.72 {2 o, 23
&7 558 m’s?, KEKER—ELLHRR T, HH B
Pt HEE K ik T RE R R RIK I, AR T AN
FEUS B3k %) 25 /K L 1 TBLK PR R A e AR A
I HRABSE AL, PR R pAw ek BB N A RS A
R Vm B 2 T 7E A B4 AW R, anE
1 fiR

AR, BEEERXZT R, Tl s I8 KAk
T VRIS e, KEK K IR 2R 4E T Mg, A
SRR I PR R AR A B B B R K 4R B
%, BT, RTFREKELESHENR FTEEPE
JE X & 1 3 MR A O R RS T, 6T
VIR ES B IS Y M AR AR . ASCRAHIEK TR
YINBFFENTEL, 00T 8 FHEE 4B AT Y It B H o
U PRV TEA S KU, SIS YU, LA R B iA
KEKEESEGY, BN R AR Bk %
& ARIPK R L AR A IR B A HR T & B A B
R

1 #RExR*E

1.1 HARESLE

2010 4F 6 A, FtESH#RIBAIERKIEKERE
FZ(0~10 em) VTFIHE G REE S LA IR 1
TN, SRR RSN 1 B o & FE s Y BURE 3 1K IR A
¥R BUL kg R FIEE E B4 B L=
G 4 CRRFER . DB REESRETERILT
5 BHES , FH 200 B 5 M 3 5 IS A AT o
1.2 H&a 5k

HEFIFRBURE R 0.5 g AR ISR Z B Ber o,
AWREER 5.0 mL, EHR 2.0 mL 5, “PAINREIR
T, HIA 1.0 mL SER, MAEQWE R, B4, &
JEF 5 mL #fSER (RFRELOA 1:1) W fR AR P 1 5R B8
Y, B2 25 mL REMES, SIERF, HEZS A
o A SR R IR A 6 B BRI E Pb Al Cd
TR AR TR I EENE CuZn Cr
FINI & ;AR R R BeEN e TR Bk &
B AR ATINE BT AR R B 6800 H 112 i
ST, FIFRGEREFZEIEE T (AFS-230a
2001-12224, b T FRAERA FRAFDIE As®, PR
HSRPHEFEA. WEYR GSD-12(GBW07312)
B A TRER A DN A VR TR RS M o B v
JEiH Cu.Pb.Zn,Cr.Ni,Cd.As Fl Hg ()78 5 R 5055
H 2.7% 3.9% .3.6% .8.6% .10.2% .1.5% .3.9% F
10.7% , ¥1/NF 15% , BB 43 7 05 2 LA 3 S
VEFIER B, S0 2 AT & oK
1.3 IEREIESR
1.3.1 #FH BIRH:

AR BAEEOE (1) RIEEBE K Miller 12 H 49
— PR SRS H E 4R 15 YL M B AR RY,

® 1 " FERKEKETRY RN R R

Table 1 The description of sample sites from Changtan Reservoir, Guangdong Province

£ B I AFR(N,E) B/

s1 HER:R 24°51'26.4" 116°04'43.4" PLFREW LR A EEEREE
s2 WD 24°49'29.1" 116°04'30.0” PLFZETFMRCAKE K EL
S3 PN 24°48'05.6" 116°05'11.9” BB K", X BB
S4 VHEEHL G 24°46'29.2" 116°06'29.5" BB K", X BB
S5 i 24°42'53.7" 116°07'00.0" BB K", X BB
S6 IR 24°42'53.6" 116°06'59.7" AL F gt L eI

s7 EES 24°42'25.1" 116°07'20.9” AL F gt L eI

S8 KB 24°42'16.4" 116°07'47.1" AL T KK ZEAINET 500 m
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S1-[F F= i u , S2— L Mg 3k, S3—TG LY 1, S4- Vb EF e b , S50, S6- /IR, S7T-T 35, S8—/K I I+
S1-Yuanfen Station, S2—Putan Station , S3—Xishan Station, S4—Shaping Station, S5—-Zhuyefeng, S6-Baxi, S7-Baimei , S8—Changtan Dam
| KEAERETRORETEE

Figure 1 Sampling sites of surface sediments in Changtan Reservoir, Guangdong Province
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1.3.2 WEAD KB EOE

SR F SB35 Hakanson W 7EAE G FFaEi0xr
KIEK RV B & RIS TEAE R XK HEA T PN, 1

TEEDEEFRBEP BT REVRYPESERN
BB R MK SRR 4R 5 Y AR
WRIGZTT I, VIR P SR E SR TR A SN 1
BRI FARN

RI=Y Ei=Y Txer
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18, I K B ARG XN R R D 2137, AR SR
FHERI 3t [X 27 S ¥ 4 JR SRR 1 B AR o0 S LA T
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Table 2 Reference values and toxicity coefficients of

different heavy metals
JLE Cu Pb Zn Ni C Cd As Hg
Ci/mg-kg?  14.38 34.38 48.75 13.00 43.25 0.034 10.50 0.075
T; 5 5 1 2 2 30 10 40

R ESREEESRERB(E) . BEEHRDE
BRERESEZKXR
Table 3 Relationship between potential ecological risk coefficients
(E}),risk indices(RI)of heavy metals and pollution degree

Ei RI S ERE
<40 <150 24
40~80 150~300 g
80~160 300~600 [
160~320 >600 RR
>320 M3

2 ERGWL

21 MBYHPESESEKTE
KEKERZRY S 8 HELSRSEKEL
F 4. NRATUES , KEKETFRYH Cd W& &
ETFALAERAE H BR (/NT 0.1 mg-kg™) , IR KU DAL
B RIZOCER ; Hipth 7 FE SR & B/ PRS2
HIBE A Zn>Pb>Cu>Cr>Ni>As>Hg, AN WA S5 B
LB & RKFHEFEZS, CuPb.Zn Fl Ni {8 &IKF
1E V) B B 3k (S4) B A, 20 B 32.6.28.1.,54.2.10.7
mg-kg™; Cr Fl Hg B & B/KFAE A 3 (ST) &k, 737
R 7.2 mg-kg™ F10.02 mg kg™ WD L (S2)As B
BAK(5.7 mg+kg™) o Cu.Pb.Zn B & EKF5HI7EVE L
P 1 (S3) . /NE(S6) ., & MRS =k (S2) e i , 43 7l hy
83.7.117.0.428.1 mg-kg™;Cr F1 Hg A& B /K FEAER

R4 KEKERETRYESERE(ng-kg)
Table 4 Heavy metals concentrations in surface sediments from

Changtan Reservoir, Guangdong Province(mg-kg™)

REES Cu Pb Cr Zn Ni Cd As Hg

S1 462 499 469 776 196 <01 102 0.06
S2 469 368 266 4281 112 <01 57 0.05
S3 837 62,6 325 3940 145 <01 59 006
S4 326 281 206 542 107 <01 72 005
S5 59.7 698 333 2944 161 <0.1 84  0.06
S6 526 1170 394 4022 172 <01 143 0.02
S7 712 808 7.5 3402 236 <01 234 0.02
S8 527 755 387 2570 169 <0.1 120 0.04

vl (SRR, 705104 46.9 mg-kg™ 1 0.06 mg-kg™;
Ni Fl As B & BKV7EH X (ST) &, 2 50 23.6
mg-kg™ F123.4 mg-kg™,

KIRK PRI RERE AR B ZOK IR AR X, XK R85
FRBEORER . ASCHA (LFEIRIE R EARE) (GB
15618—1995) I ARHERIFANKIEK VIR Y) HE
SRR, KEUKETIRYH Cr.Ni As #
Hg B9 F3 8 BIIET R R (RS R B bn i) 1 %
HARH S{E;CuZn M1 Pb R-FH S BB H ARETR
{EC T hniE) B RBARERCR R, 20 51 2.2 1 3,
SIRE HAUK PRI SR HE, M A KR
KEEERGRRTEAR B E i XK TR
YESRESEY, ARESEEREKEIRY T
R RS Es  KEKEZES RS RR
W, SRR R AT o
22 MARYHESREFRR

—RRABU T, ERJEFIHYYEE RV R
IKHERC TR 5 R SR AR BEA KR, B )5 TR
PRI EE REKETIFRYPHNESR SR
HKEZEFAE S I X AR RN S A %
KFRo FIGEHAL T BT KR, 577 5
RFE MG R R A, SO R B E AW IUE |
RNE AIE LA, MR B 23 3
S0 TR MY AR 1Lt o 3 13 B 7
25°~45°0, TERALR i K BRI SF H AR E R INZE A
YERT , SBUE X A 13 h i Y BT R 15K N E
B W EX TRy P ESE RS R

B B AR RSN, A i gl AT BE R 8 A UK R
MY EE R IR R, — TR A E5)
BIERD BB IRIR JEF YR KA E B R 25 H
Az 7 IS S R A e Tl B K A3 A 16 5 7K HE R
SN SBESEIAIE, KEKEEX Al
SR ICREEE SRR ERE R 2 A
LR T3S K™ ARm B SR8 i 48 e T
RS RNET S Al s WK _E I 8 & IRFEK R
LI AR B B RHE AR 2E 10 5 X SR A
AR — € BRI ATETS K 351, 7E/NE(S6) A =
(ST)FIKFERIN(S ) , Hidlfe I ) AR HE I — <E B HY)
B BRI R R SBREUKEE SR I5 R
HIEZRE
2.3 mMRMPESRISETN
2.3.1 MR RisEuk

B TEK AR TURR W) o 4 TR AR R 95 8 (1,,) I
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B FANZE 5 Fin. TR, KEKETRY +
Ni.Cr.As F1 Hg {) I, /NF 0, UEBHKEKE 8 1%
FEEBIARZE LR 4 MELSR TR L X—FR
SR 5 (IR EARE) (GB 15618—1995) 4 Hr

AL RIEAR —EL, Cu Pb FI Zn ZEVPEFHLT, (S4)RY I,

HEAG, JB F I R R 15 YK ZE AR AL
M, PR 3MELSETE L. BN T 1-3 Z0, BT
B RERERYOKE, Hf,Zn BFEBETE,
e 8 AR A 5 RS L ERT 2, 2%H
3, HkKZ Cu #1 Pb, ZX BRI, KEEKEEERITY
FEREFTRESIFF A Zn>Cu>Pb>Ni~Cr~As~Hg,
2.3.2 WEAEA SRS E0E

FR4% Hakanson WTEA SN TR EGE, HEKE
KERBIBEYHESREESRE ZE(E) A
REFRE(RD) , HEE R 6 Fim . KEAZERY
H 7 R E 4B A S RE(ED) KB/ IFF
A Hg>Cu>As>Pb>Zn>Ni>Cr, EH{E 435K 24.5.
19.4.10.4.9.5.5.8.2.5.1.4, 53 2 (iEMFrUEF L,
BHET 40, B RBAS KRG E . IBTEAES KT
B(RDIHN RN KEKETIFYE S BEHAEESR
B BAR(ET 150), BRI AR EE
233 TR ST

MFEARIRE S BISGH, TEA M
AT ST, AMRIESS SR AR I SR A, AR
FF5%505: A1 Hakanson T 7EAE A5 XU 8 B0 R 258 1
WEESR&ESESMEML, BRI 4 A M0
H, MHBREEFERSNEES RN EERE,
T Hakanson Y& 7EA X8 B0E M B B AR 48
AR AR R R AR RIS BT M E SR
VSYLTRER, HIRFHIF K Zn>Cu>Pb>Ni~ Cr~As=~

F 6 KEKERENRYBEESEERBMEEEH
Table 6 Potential ecological risk coefficient s(E; )and risk indices
(RI)of heavy metals in surface sediments from Changtan

Reservoir, Guangdong Province

- AAEERIE) fEER

RERA Cu Pb Zn Ni Cr As Hg (RD)
S1 161 73 16 30 22 97 326 72.4
S2 163 54 89 1.7 12 54 284 67.2
S3 291 91 81 22 15 56 319 87.5
S4 113 41 11 16 10 69 257 51.7
S5 207 102 6.1 25 1.5 80 323 81.2
S6 183 170 83 26 1.8 136 116 73.2
S7 248 118 70 36 03 223 111 80.9
S8 183 110 53 26 1.8 114 225 72.9

Hg, T 7 FhEE &8 AR RE(ED) NKE/MY
M K Hg>Cu>As>Pb>Zn>Ni>Cr, 248 303 F A A H#i X
TS RITRE A AS RS R T & 1) 5
BRI . 4B TR B R BE R KR T RES
BT ETEMEERA—3 . Hg WEHREEK
(40), BRI Hg W& B8, (B2 HIE7ER
AEZS U 5 RV R

3 #ig

(D" REEKEKERBIIRYZ BN ES RS
[FAFEEETG Yy, 8 FIEE &R V-1 Bkt EUR AR
J¥A Zn>Pb>Cu>Cr>Ni>As>Hg>Cd, Zn .Pb Fl Cu FJ55
BKP R T T BAn i) B R {8 ; Cr.Ni,
As Hg fil Cd B & BT HIERERERE) BA T
FME,

(2) K TRLK P2 JA) 300 1 IXC A Rl 2 7= (R A L SR
) Dl AE = (AR CRE ALHESE ) A TEHETS iRk

£S5 KEKERENRAUESR TR MRARIBRASER

Table 5 Index of geoaccumulation(,,,) and classification of heavy metals pollution of the surface sediments

from Changtan Reservoir, Guangdong Province

o Cu Pb Zn Ni Cr As Hg

s Lo 5% L, 5% L, 8% L. 8% L, 8% L. 8% L. 8%
S1 1.1 2 -0.1 0 0.1 1 0.0 0 -0.5 0 -0.6 0 -0.9 0
S2 1.1 2 -0.5 0 2.6 3 -0.8 0 -1.3 0 -1.5 0 -1.1 0
S3 1.9 2 0.3 1 2.4 3 -0.4 0 -1.0 0 -14 0 -0.9 0
sS4 0.6 1 -0.9 0 -0.4 0 -0.9 0 -1.7 0 -1.1 0 -1.2 0
85 1.5 2 04 1 2.0 3 -0.3 0 -0.9 0 -0.9 0 -0.9 0
S6 1.3 2 1.2 2 2.5 3 -0.2 0 -0.7 0 -0.1 0 -2.4 0
s7 1.7 2 0.7 1 22 3 0.3 0 -32 0 0.6 0 -2.4 0
S8 13 2 0.6 1 1.8 2 -0.2 0 -0.7 0 -0.4 0 -14 0
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WMHE N ES K BRRERKENRYESETS
Y B BRI  JUHUR K B X o 22
TR BT ALK

()R BRFOTM G R B . KEKERET
PYESEFLEER, S FRBEREPERREE,
Hrf Cu.Pb Hl Zn (975 LuRRRF AR

(HRERNELBOBTEAESGERBF 2
HERETEADEFERBITME R  KEKER
BB EES BN KEASRENBEREIEE /D,
J& TR AL FTE, T A Hg>Cu>As>Pb>
Zn>Ni>Cr,
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