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Abstract: Based on the 27-hour continuous investigations in August 2017 in the Humen outlet of the Pearl
River Estuary, this study aimed to examine the characteristics and risks of heavy metals in suspended
particulate matter, and thus to provide a scientific basis for the pollution prevention of heavy metals,. Field
samples of suspended particulate matter (N=81) were collected, and the contents of six heavy metal elements,
namely Zn, Cu, Ni, Mn, Pb and Cr were measured in lab. In this study, Pearson correlation analysis, factor
analysis and potential ecological risk assessment index were introduced to analyze the characteristics, sources,
and pollution risks of heavy metals in suspended particulate matter. The findings showed that the averaged
contents of six heavy metals exhibited a clear decreasing trend as Mn, Zn, Cu, Cr, Pb and Ni, and their contents
have a significant positive correlation with the concentrations of suspended particulate matter. The source
analyses demonstrated that Cu, Zn, and Mn were mainly originated from mining industry and metallurgical
plants from the North river, while Ni, Pb, and Cr were mainly originated from manufacturing industry such as
batteries near the Humen outlet. In addition, the overall potential ecological risk was classified at a low risk
level based on the results of potential ecological risk assessment. Moreover, Cu and Pb contributed the most to

the ecological risks, the combined contribution rate accounting for >80%. Therefore, Cu and Pb were the main

pollution controls, which should be paid more attention for safety.
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AR AR R EENE R 2 —, B
A EREE R A BRI BRI s
— HAYERRAE SR, EIPFE S YA
I BRGEARD, W4 AR BB e
BRYTAAT 1 1l Ah V535 | I 3t 00 o i [ 1 3 90 L X
JE AR EE 5 N ITT R S A BAE 96 BR X
S, R R LR SRS X B B & T
FE& R R, BRITI AT i5 K . Tl HETS figk
K K S W 22, T AR 4 R s e
AR, 02005 4F ) ARG VTR OC B th 3™ Y
BTG YL 2011 4F 2= pg il o e VL (BR VLTS VLI
S ) W AR U5 YL A, T A 0 P 1 5 N | ke
ST B EH M

BT 13m) FRER TR 0 22—, AR
AN IR R, 1 R i i RO kB R 1
JH ok B 3T 11, H 387 24 0 i TR AL 2
RAmmY 8 ERAS KA ST M
TR AR A& IR B AR SE T, PR T ) A i HE
15 R Tl B A K IR BE 5 Y AN Tl 2800, (2017
A r R U P AR S FRBEIR B4R ) B R, Bk
VLG A 1Y 4 @ 1R sk 2935 t, (IR TR
Lo KIEE AT &R AT LUK, i
AT S TR L, B K ERB . B
W) 4 L 2 T AR, W R 4R g s, 2R
BRI B N E A, B, 2R =
FN 48 B g LLC R T S g, W R

Wyl 2 R BEIE” Y M B AT
T ARG T BT A SR
BCE R, AT RV K R AR TS
e AT R

1 MR57RZ%

L1 FEaheREES

2017 4F 8 HAEFRI iR AT B @ M i (& 1),
PEATHELZE 27 h R LE K SO KoK FERAE . Bl
B 1hRERLIZCRE, TR IRZE)KHE,
I 81 AMFESD, 28 0.45 pm SFLUE BT U8, TR A7 UE
B, I 0z 1] S 96 28 R AL T R s S

Ly
22054N A ) fl
. f He S £
. B
22°48N . Ry ) AR5
: \\ {
SaPKGE -
22°42'N '
. I
I}I :&"
22936'N A
—— 8 feAT
1
1
113°30'E  113°36'E  113°42'E  113°8E

B 1 s

Fig. 1 Observation site
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Tab.1 The degree of potential ecological risk index
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Tab.2 Average concentration of heavy metals in suspended matter at Humen in summer
=34 Zn Cu Ni Mn Pb Cr Fitaa
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Ll P-4y 17.691 6.771 1.592 44.682 3.224 4.180 78.138




%24 FEWN, ¥

HILEIT O B E R F F B O 4R R e i 0 187

BV RE SR BRI EIR, TR
RRFAE SRV A B AR R AR B
YR 6 MESRIOTRI G R, RIS REMEY
e JE AE A TR 7K JZ B 3 28O 19 1Y 32 A2 46
B2 iR o FEBKIE sl it R rp, AN RDKE
&R T RAAEE S BIDHE A — 2, R
I B 1) S I BEAT BT, MR X TREZET
— R Be o NI, Rk B AN, R
AL BRI, S A R R B3 )

250 110
LT 150
200 '8 T
0 50
o 150 1 100 £
= =
8 100 &
&1 50 R
50 s
0 I 0
1 4 7 10 13 16 19 22 25
i [ 7 5]
250
150
200 T
T 50
o 150 [100 £
= =
8 100 [ &
T \ 50 &
50 )
1 4 7 10 13 16 19 22 25
it [ 2 3]
mem Mn s Zn = Cu Cr === Pb

HH IR KB AR /M . B, 7E55 25 B 20 i 3
OIS R ] £ B e e v ML, DU IE AL T
(ARG A 2 T B, TR RIS KA, HE3T 1 s,
[ e V0 o Ak B T e R (B, A MRS BT
B, £n R o, B 5E Uk B B i AH ¢
ZEF K 0.70 U b, £E p<0.01 /K F T 3% IEAH
Ko PRI, BRI 0B A B 4 A i 2 i TR
o BE AR Ak, RN L VR DT P A A Ak 2 B
RV BE AR RL Y ] PR S AR

250

—_
w
(=]

200

4
7, 150

—_
(=3
(=]

B UVRE /mg- L

=
I 100
4o

wn
(=)

50

1 4 7 10 13 16 19 22 25

I i) 57
250
200

5
o 150
=
I8 100
41

50

0
1 4 7 10 13 16 19 22 25
I i 57

Ni —a—/Kif — —— BRI

2 RITAOBRSFEZYPEERSEZNSH

Fig. 2 Temporal distribution of heavy metals in suspended matter at Humen in summer
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Tab.3 Correlation coefficients between heavy metals in suspended

matter at Humen in summer

Zn Cu Ni Mn Pb Cr
Zn 1
cu 0474”7 1
Ni 0075 04257 1
Mn 03997 07427 o111 1
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Tab.4 Statistical characteristics of factor analysis of heavy metals

in suspended matter at Humen in summer
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Tab.5 Potential ecological risk assessment results of heavy metals in suspended matter at Humen in summer
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PP IR 74.07 11.11
I /(%) s XU
i AR
e s XU
R/ ME 2.41 31.52 1.24 2.09 1127 1.79 55.49
WEAES L
U Z K BKRE 6.28 70.97 7.64 4.64 28.34 4.59 109.35
FH{E 4.15 46.01 5.05 3.24 1533 2.66 76.45

#5542 B T BN L5 A T AR 2 U8 B B
HRFHERE R Cu(60.19% )>Pb(20.05% )>Ni(6.6%)>
Zn(5.43%)>Mn(4.24%)>Cr(3.49%) . Cu F T
P, N2 A e 1Y R O L R A A
I, S BT HT 256 W AR AR 25 AU ) 51k %6 B

s HOR, Pb & f AR I, (H TS S B ey 2
PR 30T HRT 2R 5 W A AR A8 KU Y BT R R A
o 1M Mn Ml Zn JCER BAR & B E, (HHEH &
T S (B G B P A A 3 P Rl T 26 T 25 B e
AU A DT R R AR . AR 6 FhoT M,



B2 FEI, F ORLENTOLEREN T E LA SRR 189
150 1o
120M8 NN
ﬁi%-_ 1 — .R1=95_6 ) - o N )
= wtlittitite il oope 2 (1) P21 T 1145 5 4 i 7 3 TR AT 172
j? 60”‘” H“‘ ‘H“H . PR Mn(44.682 pg/L)>Zn(17.691 pg/L)>
| |||”2 Cu(6.771 pg/L)>Cr(4.180 pg/L)>Pb(3.224 pg/L)>
VT4 7 10013 16 19 2 25 0 Ni(1.592 pg/L), H B34 8 2 78.138 pg/L.
ot e 053 AR 4 008 L T R o

B4 ERITAOEZZFNHESRBENKGREZN
Xl

Fig. 4 Temporal distribution of potential ecological risk
coefficients of heavy metals in suspended matter at

Humen in summer

BT 7 v o A 0 A A A U 2
JEH Cu Ml Pb 5, RIL, 4 )5 72 & X% X
IKIREE IS YR B, AT AP e 2% X Cu Al Pb JT
R A R

6 i EE 43 Jm 9 £ B T A A A XU 7 I 25 43
M s R, BACRE, FETEM L, NRBIIKLE
B VR AE A A RS 2/ N A A e U X 22 R
FERZ AR FERSR] b, e KU s B 22 R A
FEAUI BERA T (N5 3.9, 22 WhZ)), At B
55 25 B ZI B IR T 25 A W LE A S XURS: Y B A1
HIX . 5RZKEFEGR T BAR L, 2K AR
LU B 1B VDR FE A, (HL R TRV A K
1o, B R YRV B R G R A BRI R KA
200 B B A, T A 2 )2 A A IR ) B
1, X S BT )2 AR RN A I R B B A A S
DRSS 448 v B4 B 25 AT R AE o

12

|7 N I
10 - 30 95 148
£ 5] e T
g [ o
=6
3 |
%4|
2 o ‘
N -

1 4 7 10 13 16 19 22 25
i) )51
Es RITAIODEZEEZIVHESRESEEESNGE
Rz 530
Fig. 5 Spatiotemporal distribution of comprehensive poten-
tial ecological risk of heavy metals in suspended

matter at Humen in summer

FRI7E Ak, AR PR S B 5 R v o B AR R )
WIPE AR ALARAE

(2) Pearson #f &Pk Je R o3 B &5 2R %
B P2 6 P 4 J@ T A WS EZEORIE,
VR L v AT HEECR R TR R A R
F 9t o ol PR R TR B A o ol A Tl HE
W, Hop, Cu, Zn, Mn FZEJFEFALTL R A
164 HERG NiL Pb, Cr 25 F 51T 1 B
(145 P 5 o M HE A

(3) Ve A 25 AU 38 BOTFAN Oy vk 4 R 3R A,
Cu. Pb XJ B2 I T 11 Z5 A v A6 A 2 XU BT ik o e
K, Hh Cu Fik 60.19%, 2 B8 1T LK 3B s
YUIRBRN B B R T 400 R KR 5 4L
N LA AR A 25 XU 5 B8 e 25 43 A B R
FEUIAE ST B BT 1 2 2 A A L0 I VR 1L, T 7% [l A1
AT (14 22 7 N 220 B 20 1 B AR 5 AR TR 0y 1) |
MR EIK R I8N

S5 SO

(11 2= %, ZRIE0R, il 5, 4. BRILES T T A 3R 2 D0
AR I 50 FFIE X AR S KU PPN [J]. T IR, 2017,
36(5): 746-753.

[2] WANG X Y, ZHAO L L, XU H Z, et al. Spatial and seasonal
characteristics of dissolved heavy metals in the surface seawater
of the Yellow River Estuary, China[J]. Marine Pollution
Bulletin, 2018, 137: 465-473.

[3] XIA J, WANG W W, WANG S H, et al. Initial identification of
heavy metals contamination in Taihu Lake, a eutrophic lake in
China[J]. Journal of Environmental Sciences, 2012, 24(9):
1539-1548.

(4] filiids, ok &5, AL 5. IRIL DR b E 4 s 43 i L B
FHE KBS 3 BT[], R EERLE, 2016, 35(3): 321-328.

[5] ZHEN G C, LI Y, TONG Y D, et al. Temporal variation and
regional transfer of heavy metals in the Pearl (Zhujiang) River,
China[J]. Environmental Science and Pollution Research, 2016,
23(9): 8410-8420.

(FHE55 199 1)


https://doi.org/10.1016/j.marpolbul.2018.10.052
https://doi.org/10.1016/j.marpolbul.2018.10.052
https://doi.org/10.1016/S1001-0742(11)60986-8
https://doi.org/10.1007/s11356-016-6077-7
https://doi.org/10.1016/j.marpolbul.2018.10.052
https://doi.org/10.1016/j.marpolbul.2018.10.052
https://doi.org/10.1016/S1001-0742(11)60986-8
https://doi.org/10.1007/s11356-016-6077-7
https://doi.org/10.1016/j.marpolbul.2018.10.052
https://doi.org/10.1016/j.marpolbul.2018.10.052
https://doi.org/10.1016/S1001-0742(11)60986-8
https://doi.org/10.1007/s11356-016-6077-7
https://doi.org/10.1016/j.marpolbul.2018.10.052
https://doi.org/10.1016/j.marpolbul.2018.10.052
https://doi.org/10.1016/S1001-0742(11)60986-8
https://doi.org/10.1007/s11356-016-6077-7
https://doi.org/10.1016/j.marpolbul.2018.10.052
https://doi.org/10.1016/j.marpolbul.2018.10.052
https://doi.org/10.1016/S1001-0742(11)60986-8
https://doi.org/10.1007/s11356-016-6077-7
https://doi.org/10.1016/j.marpolbul.2018.10.052
https://doi.org/10.1016/j.marpolbul.2018.10.052
https://doi.org/10.1016/S1001-0742(11)60986-8
https://doi.org/10.1007/s11356-016-6077-7

	1 材料与方法
	1.1 样品采集与分析
	1.2 污染评价方法及标准

	2 结果与讨论
	2.1 重金属的含量特征
	2.2 重金属同源性分析
	2.3 污染风险评价

	3 结　论

