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Spatial Distribution and Potential Ecological Risk Assessment of Heavy Metals in

Soils and Sediments in Shunde Waterway, Southern China

CAI Yi-min'?, CHEN Wei-ping' , PENG Chi'* , WANG Tie-yu', XIAO Rong-bo’

(1. State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Guangdong Provincial
Academy of Environmental Science, Guangzhou 510045, China)

Abstract: Environmental quality of soils and sediments around water source area can influence the safety of potable water of rivers. In
order to study the pollution characteristics, the sources and ecological risks of heavy metals Zn, Cr, Pb, Cu, Ni and Cd in water source
area, surface soils around the waterway and sediments in the estuary of main tributaries were collected in Shunde, and ecological risks
of heavy metals were assessed by two methods of potential ecological risk assessment. The mean contents of Zn, Cr, Pb, Cu, Ni and
Cd in the surface soils were 186. 80, 65. 88, 54.56, 32.47, 22.65 and 0. 86 mg-kg ™" respectively, and they were higher than their
soil background values except those of Cu and Ni. The mean concentrations of Zn, Cr, Pb, Cu, Ni and Cd in the sediments were
312,11, 111.41, 97.87, 92.32, 29.89 and 1.72 mg-kg ™' respectively, and they were higher than their soil background values
except that of Ni. The results of principal component analysis illustrated that the main source of Cr and Ni in soils was soil parent
materials, and Zn, Pb, Cu and Cd in soils mainly came from wastewater discharge of local manufacturing industry. The six heavy
metals in sediments mainly originated from industry emissions around the Shunde waterway. The results of potential ecological risk
assessment integrating environmental bioavailability of heavy metals showed that Zn, Cu, Pb and Ni had a slight potential ecological
risk. Cd had a slight potential ecological risk in surface soils, but a moderate potential ecological risk in surfaces sediments. Because
the potential ecological risk assessment integrating environmental bioavailability of heavy metals took the soil properties and heavy metal
forms into account, its results of risks were lower than those of Hakanson methods, and it could avoid overestimating the potential risks
of heavy metals.

Key words :soil; sediment; heavy metals; environmental bioavailability; potential ecological risk assessment; Shunde waterway
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Table 1  Classification of potential ecological risk index

BTG R AR A S RA(EL)

LRE TR A S KU TR 2 (RD)

I DX 8] TR S R 1 DX [8] WIEAE SR
E! <40 24 RI <150 B
40<E' <80 rhE 150 <RI <300 rhE
80<E' <160 R 300 <RI <600 [
160<E' <320 TRoi RI=600 1R R
E =320 T
£2 SHELETEMKASSERNER
Table 2 Predicting models for dissolved concentrations of Cd, Zn, Pb, Cu and Ni
JLE  [IELD R?

Cd  log,g(DM) = ( =0.47 £0.02)pH + (1.08 £0.02)log,y (TM) — (0. 81 £0.05)log,, (SOM) + (3.42 +0.11) 0.884" *2)
Zn  log;y(DM) = ( —0.55£0.04)pH + (0.94 £0.08)log,, (TM) — (0.34 £0. 12)log,, (SOM) + (3.68 £0.31) 0.618 " *
Pb  log,,(DM) =( —0.37 £0.04)pH + (0.56 +0.07)log,, (TM) + (1.81 £0.22) 0.347°"
Cu  log,y(DM) = ( =0.21 £0.02)pH + (0.93 £0.05)log,y (TM) = (0.21 £0.02)log,, (SOM) + (1.37 £0.14) 0.611°"
Ni  logo(DM) = ( —=1.05 +0.09)pH + (1.21 £0.22)log,, (TM) - (0.85 +0.21)log,, (SOM) + (7. 02 £0. 62) 0.727%"

DM KESESE mg-L™"); TM(E4BER, mg-kg™'); SOM(CAENUE, LA C%1it); 2) = = Fms P <0.01

2 HFR5ITE

2.1 JEAIE R 3R A G 1 i M s [ SA

AN SR 3 3R 2 e E G R TR S il
FEL S Y L3R 3, & H 4 i 1 1 i R/ IMRTCR
Zn(186.8 mg-kg™') > Cr(65.88 mg-kg™') > Pb

(54.56 mg-kg™') > Cu (32.47 mg-kg™") > Ni
(22.65 mg-kg™') > Cd(0.86 mg-kg™'). 5 B
BEV LR R AT X H, & B Cd F1 Zn DG
HHCHHET , Ph, Cu A1 Ni 70 % & &2 WAL T HAF 5T
ZERL, 5P 7 A0 TR L X1 9 45 SR L
Zn Cu Ph AN CrIC 5 & UL, 5 Cd T 2 & 4 &
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Table 3 Heavy metal contents in surface soils and sediments of Shunde waterway
E3i] giiE cd Zn Pb Cu Ni Cr Sk
e/ IMi/mg kg ™! 0.12 59.11 11.91 5.06 2.99 42.78 ABFSE
o 3 kg1 0.86 186.8 54.56 32.47 22.65 65.88
i‘é}%i% ﬂ]ﬁ/mg kg
K/ mg-kg ™! 4.01 1408.3 324.75 99.6 42.78 100. 86
5 FE % 98.7 116.9 94.4 66.3 36.3 17.6
%/ ME/mg kg ™! 0.65 136. 82 29.80 40.22 17.62 63.76 AHFSE
W Y8/ mg-kg ™! 1.72 312.11 92.32 97.87 29.89 111.41
A At/ mg kg ™! 2.18 481.84 163.70 236.03 39.64 321.61
5 FE % 0.48 117.72 46.50 62.73 7.10 30.59
N IR 72 4 .72 179.7 73.52 1.34 2. — 2
PR PR 0 9 3.5 51.3 32.56 [25]
i X 0.48 178.91 48.27 44.20 — 68.89 [26]
PR b1l ks 3.76 503. 61 236.09 192.31 — 317.04 [27]
T/ mg kg ! 0.40 250 50 100 80 200 GB 15618-2008
IS 5B/ mg - kg ™! 0.44 109.6 50.1 43.75 32.6 62 [23]
THEER X AT RE PN R AR 93 SR i F2 22 4R v ] o Zn F1 Pb 1 7 25 (8] 43 A A AL, SR I i
SIENCBUR PR, T AT K T ) PG ) AR 8 R AR
FEZS ) S A B (P 2) K FA R 2 L3 Cd i KB & S e 19 5), H.54.9%

WA B 500 mgkg!

N5 B 0.44 mgkg™!

A

N
A

\ - 1S T
4 A, . —.
0 5 10 km ) 0 5 10 km
Pb& it img-ke™! _ Cdffik/mg-kg™ P T
« 0~50.1 @ 243.6-2923 o 0~0.44 @ 3.01-3.61
o 50.1-1624 @ 292.3~324.8 o 044~2.00 @ 3.61~4.01
® 162.4~243.6 ® 2.00-3.01
N WA B 109.6 mg-ke™! M B 43.75 mg-kg™!

N
A

Nig fit/mg-kg™!
« 0~-293 ® 326391

0 203-326 @ 39.1-428
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S E—
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Fig. 2 Spatial distributions of heavy metals in surface soils along Shunde waterway
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SEMNKE/NMEK N Zn (312. 11 mg-kg™') > Cr
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(92.32 mg-kg™") >Ni(29.89 mg-kg™') >Cd(1.72
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Fig. 3 Distribution of heavy metals in sediments collected from the main river gates of Shunde waterway
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Table 4  Matrix of Pearson’ s correlation coefficients of heavy metals in surface soils and sediments samples collected from Shunde waterway

E3i] ELeE cd Zn Pb Cu Ni Cr
cd 1 0.508 " * 0.710 " * 0.864"* 0.487" " 0.435"*
Zn 1 0.863"* 0.515"* 0.179 0.297*
S Pb 1 0.715** 0.307* 0.410* *
Cu 1 0.694 " * 0.680 " *
Ni 1 0.765**
Cr 1
cd 1 0.890** 0.769 * * 0. 640 * 0.602* 0.333
7n 1 0.838** 0.692"* 0.797** 0. 408
LR Pb 1 0.553* 0.612* 0.516
Cu 1 0.570* 0.375
Ni 1 0.514
Cr 1

1) = FRAEEAREE OGN 4 0. 01 I ARCHESE A« FORTEEARE (X)) 24 0. 05 I, S B2 1Y

M 4 0T LI S K T 8 A~ 228 30 A
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Fig. 4

Principal component analysis of heavy metals in surface soils and sediments samples collected from Shunde waterway



534 BEGREE . WK IE T30 K OURR Y v o 20 A S i A 28 B A 1769

{7 11 22 DU Y 4 T B R S5E 2E Wy n ] R RS R4 T 75
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Table 5 Comparison of the results obtained with the two potential ecological risk assessment methods

E,

P Ir i P g o i b o N RI
min 8.45 0.54 1.19 0.58 0.46 13.23

£ b average 58.87 1.70 5.45 3.71 3.47 73.20

90% 148.94 2.64 11.42 7.47 4.90 176.53

Hakanson W7E max 275.17 12.85 32.41 11.38 6.56 306.93
A SRR PE min 44.56 1.25 2.97 4.60 2.70 58.87
LR average 117.99 2.85 9.21 11.19 4.58 145.82

90% 143.79 3.92 14.94 17.34 5.70 184.83

max 149.76 4.40 16.34 26.97 6.08 185.14

min 5.21 0.32 1.08 0.23 0.07 7.92

gy venae 26.69 1.39 3.65 1.41 1.88 34.96

90% 67.12 2.27 5.97 2.65 3.61 79.28

T AFFE T A max 102.50 7.55 12.54 3.95 6.80 114.53
JHAS AR PEAN min 14.42 0.79 2.02 1.67 0.62 19.52
LB average 46.57 2.06 5.30 3.78 1.54 59.25

90% 64.83 2.89 7.96 5.80 2.14 83.62

max 67.94 3.51 8.11 8.33 2.56 90.45

PR PEM DT B S R R W Pb, Cu, Zn, Ni B IG5 FOR S VER.

WAEA SRR fa ERE R IR (NES); A
T 12 J2 LR W) 0 1 18 255 18 70 28 25 XU 48 2
(RI) fm T8 J 20 -8 IS EME T 160, RN
B Y. WIAEKE K Z B3R Cd TR ET
Hakanson VE7E A 25 XU TFAr A9 B 30 A= 285 XU IS: 2R %)
KA G F SFHR B B, S RAE U 35 AR 5
T PR A 0 T ) 285 v 7 A 2 KU PPN 2
4 1 T SN RN R T e KB R B (LR 5) .
AT PR Cd oo &R R 8 AR IR R BN
Hakanson ¥ 5 T 5% 0] F1 2 3%, 5 & 2 B0 b 5%
B RE . PIRMPEN JTh Cd JTTR NI X
ZRATRAEAE S KUK 46 L RI Y STHR R X8 70%
VLA Cd 23 1l DX I 4 i 75 YL 2 B VR 1 AR S XU
& FENFE.

HEPIRPEA 7 45 0 U AT Cd L Cu, Ni &
TERGE AR W) ] R T3S 08 TE RS R E A
Hakanson W76 XU RECIIME T 33% ~54% , 1M Zn
Pb W2k 58% ~82% . 5 e <@ AL T #1558 A= Wyl F)
FHZSRYTEAE A= 5 X £ 8044 /N T Hakanson #7242
SRR T Hakanson 78 A4 25 KUK % 1& 1Y
J2 T4 R GG BRI g KU T B T B 5 A 4 T A
PSR AR S AR 25 1 1 e BRAL 1 o
KBS RILAS  IGIZ P 7 i 7T 3k fe i o i 1
SR AE S . AN R T 2 50 24 Ak K
VRS G E SR A SR ATl P S E A HAT

3 g

(1) WAFEIK B AT 322 3 v o 4 Jm P 24 &5 it
MKEIMKIR HF7:Zn (186.8 mg-kg™') > Cr(65. 88
mg-kg™') > Pb (54.56 mg-kg™') > Cu (32.47
mg-kg™' ) > Ni (22.65 mg-kg™' ) > Cd (0.86
mg-kg ™) 5 M SCMAT H MR ZDIRY 48
(7 & W R B K. Zn (312.11 mgkg™') > Cr
(111.41 mg-kg™') > Pb (97.87 mg-kg™') > Cu
(92.32 mg-kg ") >Ni(29.89 mg-kg™') >Cd(1.72
mg-kg™'). EEKIE JH I K)ZE L Cr, Ni & &
FEZ {RBEFTM; Cd, Cu, Zn Al Pb JCEK FIAH
MR, AT RE 32 232 2 b DX 3 2 K B b i
YL X 52, R Cd Al Zn 38 AT BRI F K bz
iy s K AL BRAT ML Y5 KRG AT LR
6 FlvEE 4 JR U R WA RSN A, T BE 32 I /K G
JEl 3200 TV T Bl B B3 DX AR 5 ).

(2) X 38 K TAR ) v i 45 T T AR 2R KU DT
Wb RF W] HE T3R5 2 Wy ] ) F 25 B T AE A2 X
645 RAIE T Hakanson W75 A= 25 KU PEA 45 5. Al
BHRFEIE T HIERAME B S R IE A, ]k
Al AT e S AR . PR IR A 45 2R P BR
Cd JTCHRAIMHA 4 FoCR NG E DG FER L
PR30, Cd TT 3R S DXl 4 J 255 6 W T A S XU
RS AT
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