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Pollution characteristics and sources analysis of main heavy metals

in surface sediments from the Hailing bay

TANG Jun-yi, LIU Jin-tao, CHEN Ding-hao, YU Xiang-ying, LUO Yu-chi

(Guangdong Provincial Academy of Environmental Science, Guangzhou 510045, China)

Abstract: In order to understand the pollution characteristics of major heavy metals in surface sediments of
Hailing bay, based on the sampling survey of Hailing bay in November 2017, this study analyzed the content
and spatial distributions of seven heavy metals, and evaluated the marine sediment pollution characteristics by
using indicators such as single factor pollution index, geoaccumulation index, heavy metal potential ecological
risk and consensus-based sediment quality guidelines. Moreover, the sources of heavy metals in the surface
sediments of Hailing bay were analyzed by using correlation analysis and principal component analysis. The
results indicated that, except As and Cr, the rest of the heavy metal content in the Hailing bay surface sediments
was at a low level as a whole. The heavy metals as a whole are in a state of pollution-free and slightly
ecological risk in Hailing bay, and the relative pollution was mainly based on contribution of the contribution of
As and Cr. The content of these two heavy metals is between TEC and PEC, with 25% ~ 75% probability of
causing toxicity and harmful biological effects. There was a certain homology among the heavy metals in
sediments, such as Cu, Zn, Cd, Hg and As, which were mainly controlled by geological background and
degradation of organic matter. Pb, Cr and As were also affected by ship exhaust gas, industrial waste gas and

coal transportation in Yangjiang port.
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Fig. 1 Sediment sampling stations of Hailing bay
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Tab.1  The relationship between /., and pollution grades
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T A 25 XU 45 i (the potential ecological
risk index, RI) J&Z5 5 7% JE AR v 5 43 J& i A
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Tab.2 The classification of potential ecological risk
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Tab.3 CBSQGs of heavy metals
CBSQGs{H
"R

TEC PEC
Cu 38.2 214.6
Pb 53.0 296.0
Zn 153.5 396.2
Cd 1.04 5.76
Hg 0.18 0.66
As 16.1 54.3
Cr 78.3 268.5
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FI Fl WPS Fil Origin 9.0 #F 47 %54 4b 35 1 1]
FHIVE, B Arcgis 10.2 22l AL (7 FI T 48
L2 (B 430 L, ORI SPSS 19.0 Xl it 45 4L i
17 Pearson #H ¢ 14 43 Hr A1 3 18 43 43 Hr ( principal
component analysis, PCA ), F 5581, Kaiser-
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2.1

H, Cr & it e, o 11.50 ~ 106.50 mg/kg, -
Y& N 44.90 mg/kg, He & 5K, 4 0.01 ~
0.07 mg/kg, &4 0.02 mg/kg. 5 E PN HAL
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Tab.4 The statistical characteristics of heavy metals (mg/kg) and TOC (%) in sediments of Hailing bay and the comparisons with similar
studies
Ewanich Cu Pb Zn cd Hg As Cr TOC
KME 18.30 36.90 67.00 0.13 0.07 30.06 106.50 1.44
e/ ME 1.00 3.30 8.00 0.02 0.01 4.41 11.50 0.04
FHE 7.40 14.50 35.80 0.07 0.02 11.98 44.90 0.59
PR f 2= 5.10 8.60 17.60 0.04 0.02 7.32 26.90 0.40
B E 0.69 0.59 0.49 0.53 0.74 0.61 0.60 0.68
s AR R BTG, HAR Ayl S CufNCAAAE ), ARBF I HeAG: ) BRAG 1236 AT e T o0 i
x5 TEEHXBAAYESRE (mgke) SRHLE
Tab.5 Comparsion of heavy metal concentrations (mg/kg) in the surface sediments of different sea area

TR Cu Pb Cd Hg As Cr

g i 19.99 24.03 66.15 0.20 0.04 9.18 57.95

VLA R 18.30 20.70 53.00 0.11 0.02 14.80 64.0
PARINGG3: o 26.09 2422 73.72 0.10 0.05 470 43.07
i 6.29 25.44 57.87 0.03 0.07 7.97 15.32

By ™ 37.40 37.00 78.50 0.26 / 93.20 41.40
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DL DR i i (GB 18668-2002) 5 — 2
PRE(E RS2, PV 3R 2 DU 45w v T 4 )
TR R R EOT A, TS AR AR 6 s .
R PR EOE I 25 0 o, DU AR B0 B A
BT, AR A TR T R AR A 2, RS G
Yk Cr #1 As, BIEAERB DU T 3 — 2
FRAE(E S L, AR 250 3R 13.33% F11 6.67%.
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Fig.2 Distribution of heavy metals (mg/kg) and TOC (%) in sediments
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Tab.6 Single factor pollution index evaluation of heavy metals

e B TR b WEPETUR T kA (/g kg 24 p—
& . HRR(%) : N EEE
B ME Yok 2 g gy
LR REES

Cu 052 003  0.00 35.0 100.0 R e sttty i e i
Pb 062 006  0.00 60.0 130.0 &

=2
Zn 045 005  0.00 150.0 350.0 B

=, PREE S
cd 026 004  0.00 0.50 1.50 T
Hg 033 003  0.00 0.20 0.50 6
As 150 022 667 200 65.0 Cu Pb 7Zn Cd Hg As Cr
Cr 133 014 1333 80.0 150.0 - o g
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Fig.3 Iy, of heavy metals in sediments
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As il Cr 1975 YLt B2 AH X885 , 6 Jay s il 2 35 R
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VR AE AR 25 KU 43 T I 25 253 (3R 7) R W, Cu,
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W 2 BUWUT W E; (As)>E;(Cd)>E;(Hg)>E!(Pb)>
E{(Cr)>E/(Cu)>E/(Zn) . Bk Pb 4, 5 e s
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SE As) FEAR—EL, B T AR R PRI i i — 25T
e FEUSL B et S 11 4 ik AN DT, A %
A1 £ T e R B Er(Ph) HEF BT

xk71 MRYPESREEESAEEY
Tab.7 The risk indices Elr and potential ecological risk factors R/

of heavy metals

HEeR BRME  BME PE ASKEGSER
Cu 3.05 0.17 1.24 RS R

Pb 7.38 0.66 2.89 BRI TS R

Zn 0.84 0.10 0.45 BRMEAS KU

Ef  cd 7.80 1.20 432 ERIRAE SRR
Hg  13.20 1.20 420 BRI SRR

As 30.06 441 11.99  BHESKE

Cr 3.55 0.38 1.50 ERIRAE SRR

RI 47.44 9.69 2658 BRZESNE

As, Cd, Hg M7 76 A 8 KBS R B B F
4 JE A, X R, AR 3 R E A
i JE T REAR KT, (B RECEX B, &
FOHAE SRS BB R o TR A S KU 45 5
KF, R F KA /INTF 150, U BH U B 785 48 44 I
J& TR A A KU
224  FHEEE TR

Fie BR— B TR Y o e BEUE XV B TS 3R 2
DU A= e e KR 164 1 R0 43 (181 4), 45 51
WoR, e uhih 7 FhE 48 S8R T PEC, B
W B TS R A A B AN K . Cu, Pb,

Zn, Cd Fl Hg 7E A b i i & s 3T TEC, 1%
5 A 4R T R FMERERANT 25%, FIIA
LT EAYRIN, As Fl Cr 254 26.67%
F113.33% MYk 4bF TEC A1 PEC Z 18], Bl As
TE U] 1 22 VL HS — 7 R B 5% 74 g &8 A K
£ NI, Cr 76 PHYT S 1 1#—18#IA 7 B30T 1 1
HE SRS A 25% ~ 75% HMER 5| & # bk, 7
A EAEYR, T2 R — N EM.

23 EEERFEMT

2.3.1 AR

ThE B V5 T 3k 2% 2 AR W) EE 42 JR 1Y Pearson £H
TP T4 S (3 8) F M, Cu, Zn, Cd, Hg Z[H]
B TE A (p<0.01), PEH 3% 4 Fh i 4 @ ]
B ELAT AR IR SRR U R AR Bl R R iz k421 As
5 Zn(p<0.01) . Cu(p<0.05) & i F IEAH L,
T Cu. Zn, Cd. Hg BA — & 1 [a] J5 F¢ v, 4=
As AIBE S EATWEA LI R EEE, H As 5
Cd. Hg Jo i ZHHOCHE, W] As ] A7 A,
K5, Pb A1 Cr 5 HEH 48 2 (0370 B & M
Kok, A Pb A Cr HA HoAth A R 1) St

TOC BV A VLR A & &, X EE)R
A7 AL B8 B g B N 2% 4 e 0 UYL IR IV TR
TOC By &1 K 0.04% ~ 1.44%, [4: Pb. Cr 4b, TOC
5 HAth 4 JR ¥ 7E 0.01 57 0.05 /KF F R B
FIEAH S, ] TOC J& 5 Cu, Zn, Cd. Hg.
As HAMEZERFE,

232 ERSHM

MBS RIZ IR 7 FE 4R S TOC 1Y
F R T aE R (K 9, B 5) iR, PC1, PC2
H1 PC3 1977 22 ST Bk 50 51k 60.78%, 13.85% FI
11.36%, 3 4~ F 543 19 3177 22 sk oR 2 1k 2
85.99%(>85%) , F/nixX 3 > F Ao 2 D ik
HIREE et T e i 48 A5 B .

TE PC1 1, Cu. Zn 1 Cd ¥ HAG B K 1F 1]
oy, ¥R 0.9, Hg 1 As A9 IE 7] 28 fof th K F
0.7, FIIX 5 FhEE 4 Jm H A AH Rk R, 540 ¢
PRI A R — 3, Ead 5 e EE R E SR
SE RS AT LA H, B As A, XSO 4 R 1 i
KAEIHMCT I 5E, 58 Cu. Zn, Cd. As, Hg 5%
NZEFZMW R R 2N, 22 TS S s, o]
RE S AR VR TR A WAtk N K AR 28 17 A
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Fig. 4 Biological toxicity risk of heavy metals in sediments
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B DX I TV Sk i s D ) S5 90 4 3 K 15 T
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x8 MRYTESBERMENRMNEXE S

Tab.8 Correlation analysis among heavy metals and TOC of
sediments

R Cu  Pb  Zn Ccd Hg As Cr TOC
Cu 1

Pb  0.103 1

Zn 0.915** 0.040 1

Cd 0.858** 0.297 0.888** 1

Hg 0.875%*—0.006 0.730** 0.661** 1

As  0.637* 0.010 0.664** 0.480 0.444 1
Cr 0309 0.073 0321 0.368 0.088 0.135 1

FHUBK 0.837** 0.145 0.903** 0.907** 0.623* 0.644** 0.313 1
e #FRIRAE0.0 17K (AU ) - (5 ARG * R TE0.057K - (AL
) - A2, n=15

®9 TEIMN SIS FEME
Tab.9 Load and composition matrix of variable principal

component analysis

PCI1 PC2 PC3 PC4
Cu 0965  —0.079  —0.037  —0.129
Pb 0.149 0.847 0484  0.073
Zn 0962  —0.086  0.039 0.07
cd 0.924 0220  —0.039  —0.124
Hg 0.798 0266  —0.180  —0.390
As 0.700  —0230  —0.056 0.641
Cr 0.366 0.450 0.796  —0.010
TOC 0.932 0.041 -0.003 0.094
JiZETTRR/(%)  60.78 13.85 11.36 7.62

FiFoikFE(%)  60.78 74.63 85.99 93.61

| T

1 = Pb
Q

Cd
AU O

As Hg

PC1 11 PC3

B S5 Epao =4

Fig. 5 Principal component analysis 3D load map
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