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Spatial distribution characteristics, sources and potential ecological risk of heavy metals in sediments of the
Hejiang River. NING Zeng-ping', LAN Xiao-long'?, HUANG Zheng-yu'?, CHEN Hai-yan'?, LIU Yi-zhang', XIAO
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Education, Guangzhou University, Guangzhou 510006, China; 4.Pearl River Water Environment Monitoring Center,
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Abstract: In order to investigate the spatial distribution characteristics of heavy metals, and to discriminate their sources
and potential ecological risks in surface sediments of the Hejiang River, a sum of 41surface sediment samples were
collected. Total contents of As, Cd, Co, Cr, Cu, Mn, Ni, Pb, Sb, Tl, V, Zn and Fe in these samples were measured by the
inductively coupled plasma mass spectrometry (ICP-MS) and the inductive plasma optical emission spectrometry
(ICP-OES). Principal component analysis (PCA) and Pearson correlation analysis were used to deduce its potential
emission sources of these elements. Geo-accumulation index (/y,), enrichment factor (EF) and the Hakanson’s potential
ecological risk index ( E!and RI) were calculated to evaluate the pollution degree and ecological risk level of heavy
metals in sediments, respectively. Results showed that the contents of heavy metals in sediments were impacted by human

activities in different extent, only the average contents of As, Cd, Cu, Mn, Pb, Sb, Tl and Zn were higher than
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the background values. The calculated /,,s and EFs also showed that the contaminated degree of heavy metals in a
descending order were Sb > As > Cd > Pb > Zn > Tl > Cu> Mn > Co > V > Ni > Cr, besides, the Hejiang River was not
contaminated by Co, Ni, V and Cr. The ecological risk indexes ( E!) for all selected metals in a descending order were Sb
> Tl > As > Cd > Pb > Cu > Co >Ni > Zn >V > Mn > Cr. Compared with the assessment results of Geo-accumulation
index (I,) and enrichment factor (EF), E!can more scientifically reflect the aquatic environmental quality and
ecological hazards of sediments. Moreover, the comprehensive indexes of potential ecological risks (RI) for heavy metals
ranged from 65.63 to 1142, and the sum E! value of As, Cd, Sb and Tl accounted for 88.30% of RI, suggesting that the
Hejiang River occured high potential ecological risk of As, Cd, Sb and TI. The PCA results showed that the cumulative
proportion of the first two components accounted for 79.80% of the total variables, suggesting that As, Cd, Cu, Mn, Pb, Sb,
Tl and Zn were controlled by anthropogenic source including agricultural activities, urban wastewater, aquaculture and
mining industry, and Fe, Co, Cr, Ni and V were mainly contributed by natural sources such as rock weathering.

Key words: heavy metals; sediment; source; spatial distribution characteristics; ecological risk; the Hejiang River
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Table2 Average concentrations of heavy metals in sediments of the Pearl River and its main tributary
TR As Ccd Co Cr Cu Mn Ni Pb Sb Tl \Y Zn
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ATl 1462 4.52 - 150 80 - - 101 5.5 - - 239
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BT 83.1 1.42 9.58 443 435 975.8 21.7 78.48 135 0.97 65.4 1875
BT 1195 10.6 18.18 86.62 802 110473  54.1 10458  20.26 - - 543.6
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Fig.2 Spatial distribution characteristics of heavy metals in sediments of the mainstream of Hejiang River
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Table 3 I,, and contamination grades of heavy metals

I, geo

T H
<0 0~1 1~2 2-3 3~4 4~5 5~6
2P 0 1 2 3 4 5 6
V5 PR EREES RRE i s i T JE R TR

Kl 3 2 Fe. As. Cd. Co. Cr. Cu. Mn.
Ni. Pb. Sb. TI. V 1 Zn %5 13 Fié:J@ 0 &M
P RFIRHUE Lo ZHK 3 Lpoo SR HTE
& 8 VT YRR LRI oV W) BV LR J 2 K R DT
V)4 e Hh B FR B s ik 6.33,75 G AR ]

ISR TG Y, F BRI Asy Cd. Pb il Sb %%
4 ANELE YT 3 R, Cuy Mny T1# Zn U4
AT TP R DL LS YRR T Ak Fey Cr.
Co~ Ni F1'V [ A5 F35)<0, 38 WA AR BT Lk
VU P AFEAE Feo Cry Co. Ni fil V i54e AK



3042 CO [ ST R S 37 %
W RS AT A G B R ABT G FiE 2.2.2 SHEFTE  SHEKTEE BT
FRIE 10 NK R TR ST (s BRSO Wvs PR i B 25 2Ll TR K R T
g BUOHAL R 2 e ERIEECE R HE, 3 W Fe & BAHINELE (1.06~5.25%), F-34 7

LR JZ K RPUBRY T & B4 8 V5 Y 5K
INIFFEAR IR Sb > As > Cd > Pb > Zn > T1 > Cu
>Mn>Co>V>Ni>Cr.

2.00

—_
n
=)

—_
=3
S

o
n
=]

R (Lgeo)
L =]
=)
S

e
n
S

‘Fo\ As Cd |Cq [Cr| HH Nij Pb Sb ‘ﬁ. V| Zn

o
S

'
wn
S

©
=3
S

B3 BRTTK RO S Jm 03 (-1 2 3t R AT 2
([ geu)

Fig.3 Plot of the average values of I, of heavy metals in

sediments of the Hejiang River
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Table 4 The enrichment factors and class of pollution
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Fig.4 Whisker—box plots for the EFs of heavy metals in the sediments of the Hejiang River

M 4 ] WL BV LR 2K R &=
BRI E 4 )E Sby As. Cd 1 Pb B2 5 5,°F
BIE 750 500 9.94(0.52~106.1)+ 5.99(0.34~

23.8). 5.82(0.14~31.4)F1 3.02(1.02~10.3); Kk A
Zn. Tl. Cu Al Mn, & K758 2.4000.76~
8.35). 2.04(0.70~4.28). 1.64(0.30~5.42)F1 1.26



8

TR BULK RO G )8 2 ) ) A REAIE < RIS A0 (A 2 U

3043

(0.45~2.67), 4 J& T rh B sl T rh B i 4R K88
T A Yl T TS P Cov Ve Ni
I Cr s AU R (S21 /L Cr & 4E
T H 2.16) &L T =T 2 A AR AT
2,% M Co. Cr. Ni fll V {ERTTIRIRGTEY
AR T I0YS G Ay Y A g mT L, AR R T
BT K R YU 42 S 75 Y VP Al 45 SR 5
SRR EGE TR 4 R — 3
2.3 PHLRBERZKRITRYPESENAES
AR

K H 1980 HF-Fiij M 2% 3 Hakanson $2 H ¥ £F
Az 25 RS 8 B BT IR R 2 K R DU
I 4 R A A KU P 2% 5 v i 4 6 BB T TR
Yy is g2, &, Bt RUKAR N 4
JaR 75 G PR RBURR A 55 DY A 5% e R 22, DR 1% 7 VA
X RENE S WU R vh s G P i e e BE i vl LA
S TR W v G I 1) 9 A A 25 ARG e
JE )12 FH T VP KR K RUTRA 5 G 1)
VAR KR s s R

m:iﬂ:iﬂxqziﬂx%

2RI A YUY 48 IS5 B i e AR S U
FRHG E R AESIE | SRR R
¥, CONESE i K75 850 IR 4
J& i sEIE & C o ESE | WS T
LU A AT 7T AT 176 R 048 DR B 4 o134
NS T AR i SRR
AHWFFTARIE T As. Cdv Co. Cr. Cu. Mn. Ni.
Pb. Zn. V. TI Al Sb (AW & RE4: 514 10,
300 5. 2. 5. 1. 5. 5. 1. 2. 40 A 70313734,

Hakanson $& H ) R A2 25 XU 73 AR HE & 3
F As. Cd. Cr. Cu. Hg. Pb. Zn FIZHIK
(PCBs)% 8 NS EE M REBE MAI(133) 1k
SEASH, 6 B R FRAE A 1508 Y AHFST h, Hg Al
PCBs #iHEBR,HEIAN T TI. Sby V. Co. Ni Fl
Mn % 6 NI, 12 NMSEEE R BBE SR
V13 Rk, 2 SRAT R 5 56 14 2 b A PT B I
fl R TRA ) v B 4 1 A 2 UG A U0 &5
G AEAS KBS TR R 2 FArHESE 15 1IE QT R R =
150x(113/133)=127.4(HU & 130), LAk 4350

R e BN T 4 11 A A R 95 50 L AME TE 1
ZiE RIS AR T3 5 .

®5 ETBREITMIEHS HRIRE

Table 5 Ecological risk index and grades of risk intensity
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>V > Mn > Cr.X 5T E/K RUTEYH H 4
B S BT E AR S B RS A
DR 30 55 Y R P8 DA 249 3 107 e SR W v
A HE P R AR — B AR R 43 70 3 A7 AR 2 57 A9 QT
(1) b BB AR EOR B AR R VA VR 45 NS
P RS HBSFREOEAL 5 H T A s R AR S
DRI 33K A2 BR] Ay g 25 DA 45 R R 0 T 55 AN [
HEANER NN T oy R e 7/ (P N
S AR T 5 2 MR AR T 3K T THT AN A2,
PTG B 5 b A W A 1) B T I AN AFD Dk
EEA9, 2 7 8 1A kb 76 L DR ok, 7 552 s VT A ]
T 4 A T G BN RV A A A RS A5 R 20
B IX LRI IV WSS &, 4 e A TR Hh VT
b 4 g v ek R

MR 255 RS KBS TR E(RDIEGR 6),41
MR ELSE SRR G A RN
65.63~1142CFME Ky 273.43). P (A A KU
(RI<130)FRIHE 1 43.9%(18 AN A7), H 4% A A X
B8 (130 < RI < 260)FIFF 14 24.3%(10 A s 0r), 55
A=A B (260 < RI < 520)FIFE 55 1 19.5%(8 /™ £1
A7), P H AR A KU A i 12.2%(5 A mihr). A
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POLIRIBOK R YR T 4 8 256 A S R 45 £
(P TR 205 i, 0K 4 /NG ER I XU Fi B0 A 25

HrAEEL RI )34 43 ol 88.30%, % 1 As. Cd.
Sb 1 T1 45 4 B 84 8 2 BT R 2K KU
Py =B e, H AT W R AR 2 XU T, 5
5 E AL

*6 WIRBERBEXRMBRIYPEEERBEETKRIFMNER
Table 6 Potential ecological risk assessment results of heavy metals in sediments of the Hejiang River
5 R AER NI SFATRE
As Cd Co Cr Cu Mn Ni Pb Sb Tl \Y Zn RI
FHME 5539 54.77 3.19 1.05 7.24 1.07 3.01 13.08 68.47 62.77 1.21 2.16 273.43
TIERR Y 203%  20.0% 1.17%  039%  2.65%  0.39% 1.10%  4.78%  25.0%  23.0% 0.44% 0.79% 100%
/MiE 2.73 1.15 1.10 0.07 1.20 0.24 0.19 2.95 2.89 16.8 0.24 0.48 65.63
KM 308.7 3273 6.93 2.95 34.7 3.00 6.38 66.7 847.1 140.0 2.48 10.8 1142

s BRI AR AL A AR TR UL b 7 1 71 35 WU R R 11 20 L.

2.4
s

IR b < e F K 5 1 E R TR
PR} JFORYSE AN A i 3 1) 5 0, 3 58 i R 1
AN KAR I8 03 (KIS PE AN R 68 o0 3
()55 AR SCE 7 M BE T i 0 3R 2 ) (12 1) A2 4L
¥ REAE—E RS B RV ITCR I PIRIR . A7
LETE A5 YRS BT AR K R T

BT R 2 AR YU v B < e oK U

R B 4 o B A G PR AR SR A By W3R 7. 45
R EIR,As. Cd. Cu. Mn. Pb. Sb. Tl Al Zn
E S T PAGERTE X W P )
0.39 (Sb vs. Cd, P<0.05)~ 0.97(Pb vs. Zn, P<0.01),
KX 8 My I e A ALK, Cry Cov Ni
RV S0 R PIPE2 I8) L8002 EA G Mo R 8
4 0.62(Cr vs. Co, P<0.01)~0.93(Ni vs. V, P<0.01),
B IX B T 3 ) ] RE A ARBL ) A Us.

Fz7 MARYPEEEITTERBER Pearson HHXRE
Table 7 Pearson correlation coefficients between heavy metals in sediments

JUE Fe As Cd Co Cr Cu Mn Ni Pb Sb Tl \Y% Zn
Fe 1

As 0.61%* 1

Cd 0.61%*  (0.83%* 1

Co 0.73%%* 0.20 0.28 1

Cr 0.49%* 0.14 0.17 0.62%* 1

Cu 0.65%*  0.93*%*  (.84%* 0.30 0.26 1

Mn 0.71%*  0.87*%*  (0.75%* 0.37* 0.35% 0.85%* 1

Ni 0.74** 0.37* 0.33* 0.83**  0.65%* 0.38* 0.50%** 1

Pb 0.61%*  0.95%*  (.84%* 0.21 0.13 0.96%*  0.82%* 0.28 1

Sb 0.45%*  0.49%* 0.39% 0.17 0.27 0.50%*  0.44%* 0.37*% 0.49%* 1

Tl 0.49%*  0.57**  (0.45%* 0.05 -0.33*%  0.54*%*  (0.55%* 0.03 0.62%* 0.32% 1

A\ 0.73%%* 0.17 0.21 0.87**  0.69** 0.24 0.33* 0.93%* 0.13 0.31%* -0.06 1

Zn 0.65*%*  0.93**  (.88** 0.27 0.20 0.97*%*  (0.83%* 0.34* 0.97**  0.50**  0.57** 0.20 1

FE A LRI AE0.0 1K FAH IR 2 2 * R WU IGAE0.05 K R AU E 12 24 4 i =41,

KT B BT L R 2 K R DR
#" Fe. As. Cd. Co. Cr. Cu. Mn. Ni. Pb.

Sb. TI. V Al Zn %5 13 W48 JC & 75 G kYA,
K H R 237 7 AT IR i BT KMO F1 Bartlett
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BB B RG 00 25 3% 0 b Ak ) 10 4 e 1
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10.38 4B &) 58 A 1] IR 13 N JE o R 4k

s .
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Table 8 Principal component analysis of heavy metals in

sediments of the Hejiang River

SiH B HoE i ¥ HTE

5y % 5y %
Fe 0.86 0.31 Pb 0.89 -0.40
As 0.89 -0.35 Sb 0.58 -0.00
cd 0.84 -0.26 Tl 0.54 -0.50
Co 0.55 0.72 \Y% 0.52 0.82
Cr 0.42 0.71 Zn 0.92 -0.33
Cu 0.92 -0.27 FEAEA 7.31 3.07
Mn 0.90 -0.13 Ptz 5623 23.57
Ni 0.64 0.70 | BFTTERE 5623  79.80

H—E A TTIR N 56.23%, FFIER I
KN FA- B fE Fe. As. Cd. Cu. Mn. Pb. Sb.
T F1 Zn 2550 % FA B MEAT, 75000 0.86.
0.89. 0.84.0.92.0.90. 0.89. 0.58. 0.54 1 0.92(%
8),7< W1 &6 1 2 n] R HAT AH [H] (1) R I 2L P
Zn.Cu.As FI Cd T AF1E T LRI 25575,
H. Cd A A 2 FH AR 245 RO A I S5 A 35 Bl P A
HeEPY L As. Cd. Cu. Mn. Pb. Sb. TI A
Zn S50 F IS R 3 A K AR 1K LR 4 5 f e
e (B30 H BLLE BT P i (B M 7T X 22 R ), %
T B A JE I N 1) SR R T e AR T A T
PR R R ) R, P Zn,
As Fl Sb (@D PR IEFEE R K
FEUSTOL DR b BT A5k A Bk T AR 3 B T 4
(1 DT IR A, 4 P S B A T T e K HE I . 3 R 11
AV 3% St 2 S R A b T 4 ) R
CUA T AR AIE S5 S 5 BT 52007 Ml 3 20y 5% i) i
LG RN R AR AT R R AT R
Wk Ak rh & IO B i 2013 4F 7 HBVTSE R
(1) Cd A1 T V5 3 FAF &R 7 K& Cd i T1 e
ST AR Y3 G, B AR I A R P R B,

BTk A R MY Rk, W0 A 3 A B AT BE A BT
TRIK R YU b o 4 (1 F B ks g
BT EEARER T AR A5 S IR AR TS
15K A FEENE R Mg sh A5 1 B Arve Y

B FE A TTER R A 23.57%, F BRI
Co.Cr.Ni #1 V _FRA RS 8T, 7054 0.72.
0.71.0.70 11 0.82.1X 4 7o 2 AL B LI JZ /K
ZRUTR) (1)~ 1 & B S T B B P g 144 7K
RUUB b I 4 g o R R - R B R
B AR OGR!, R WX 4 FhonE
A AR SE B ARV TR Dk T S R S
Fe 705 —F o b RA B S 2 (R TR
Yirh Fe P2 & 8K T FEVE R T8 7K RUTR
Yt Fe [P, H AR (A0 REAE 5
Cr. Co. Ni fl V RA&—Z It Fe n] fgth 3%
PT 0 RS vk X 5 /D A BT 4s R
— 55U &) 5 Ay AN 3 R AT I k]

<0 J 0 3R ) IR 2 AAORE P2 0 0 e e T BT
RS WY AL 7/ S I D P o/
1.0
% oni
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S 05 F
% OFe
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Fig.5 Plot of loading of the first two principal
components
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