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Fig.1 Location of the sampling sites in the

Lianyungang sea area
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Tab.1 Comparison of heavy metal concentrations in the three core sediment
samples in different zones and background values

e mR Cd Cr Cu Mn Ni Pb Zn
A 0.21 111.6 39.7 1251 53.7 43.3 104.0
ARBFE P E DT E B 0.15 121.7 39.98 934.4 59.7 43.02 125.6
C 0.14 71.67 26. 60 633.6 35.9 27.10 84.82
VLI T+ 3 15 S5 ( B R EE,1987) 0.365 60.28 15.84 - - 24.7 64.68
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) of heavy metals in core sediment sample A
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Fig.3 1, of heavy metals in core sediment sample B
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of heavy metals in core sediment sample C

I VNEANCE SIS RASUR LA R
EF (RUECR T 2 I, W2 AN s DU i h
TR AR 75 e (% i A, 20095 Shi et al,
2010) o AEAREE A Prsl E A Cu Mn Pb & 4R R AL
{EHRESET 2, ZHTURY) b 5w 2 B K T 3l
AN EPEYNISE I ANV EAEACE Sow ISR S
FEf A o I A 32— AR 1 S b B SRk
A G VG K R K LA B B AR R i an s A R
PN LS f= o LRI 2 . Cr R N HAT B2
RSN, HE 8 RBOREAE 2 ~ 4, R ARG 3T
SR T BENESRITY . B 1980 ALK,
HE R AT AR AR 7 M Bl 5 | i Rl 2
B AR A AT R AT ML HE R A T Y
BRI Ye . Cd TENR PR 1 3 2 AR AR W] S22 A
BRIRERZS 525 (ZF 4%, 2010b ), n] o4 25 42 s S
WP NS 095 Bl i 75 i . Cd -5 HA
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Tab.2 Pearson correlation coefficients of heavy metals in core sediment sample A

B4R E Cd Cr Cu Mn Ni Pb 7n

Cd 1

Cr -0.062 1

Cu 0.473 " 0.131 1

Mn 0.138 0.160 0.697 " * 1

Ni -0.017 0.878* * 0.177 0.194 1

Pb 0.051 0.108 0.579* * 0.773** 0.101 1

Zn 0.396 " " 0.033 0.937* " 0.791 " 0.099 0.674" " 1
e L2001 OB R,
Note: ** indicates a highly significant correlation at the level of 0.01 (bilateral).
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Tab.3 Pearson correlation coefficients of heavy metals in core sediment sample B
DI Cd Cr Cu Mn Ni Ph Zn
Cd 1
Cr -0.654"" 1
Cu 0.252 -0.062 1
Mn -0.107 0. 106 0.583* " 1
Ni -0.711*~ 0.956 " * 0.077 0.220 1
Pb 0.640 " " -0.389" 0.724* 0.282 —-0.346 1
Zn -0.597** 0.442* 0.427** 0.480" " 0.545** 0.089 1

e 12001 RS- (U B RFISG; L 7E 0. 05 ZKF ORI _F i 2 AHE

Note: ** indicates a highly significant correlation at the level of 0.01 (bilateral), * indicates significant correlation at the level of 0.05 (bilater-
al).
®4 ExBILETRMERTE C EEEETLREEH Pearson X RE
Tab.4 Pearson correlation coefficients of heavy metals in core sediment sample C
BEEJELE Cd Cr Cu Mn Ni Pb Zn
Cd 1
Cr 0.616" " 1
Cu 0.808 " * 0.797** 1
Mn 0.761 " " 0.714** 0.867 " * 1
Ni 0.248 0.506 * 0.342 0.272 1
Pb 0.837** 0.714* 0.924"* 0.867 " * 0.285 1
Zn 0.862" " 0.792** 0.971" " 0.805" " 0.364 0.903 " * 1
T 12001 RS- CRUI) b RFFISE; 78 0. 05 ZKF ORI L 2 AHE
Note: ** indicates a highly significant correlation at the level of 0.01 (bilateral), * indicates significant correlation at the level of 0.05 (bilater-
al).
x5 ERBEBSNAYMEREABCHESBINSAMITEER
Tab.5 Principal component analysis (PCA) of the heavy metals in core sediment sample A, B and C
TH Syt ot et Bt R Bt
FEAE(E 3.43 1.84 1.04 3.24 2.36 5.25
TR/ % 48.99 26.26 14.93 46.37 33.72 75.02
Ritvilk®/ % 48.99 75.25 90.18 46.33 80.05 75.02
Cd 0.39 -0.270 0.83 -0.90 0.15 0.88
Cr 0.25 0.93 0.095 0.89 -0.002 0.85
Cu 0.92 -0.13 0.20 -0.11 0.93 0.97
Mn 0.88 -0.03 -0.30 0.22 0.76 0.90
Ni 0.30 0.91 0.14 0.93 0.10 0.43
Pb 0.79 -0.074 -0.44 -0.54 0.74 0.94
Zn 0.94 -0.21 0.04 0.64 0.59 0.97
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Fig.5 Profiles of enrichment factors of heavy metals in core sediment sample A, B and C in Lianyungang
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Analysis of the Historical Distribution and Sources of Heavy
Metals in Sediments from the Lianyungang Sea

LI Yu'?, LI Hong-guan'

(1. Jiangsu Key Laboratory of Marine Biotechnology, Lianyungang 222005,P. R. China;
2. School of Geomatics and Marine Information, Huaihai Institute of Technology,

Lianyungang 222005 ,P. R. China)

Abstract; Core sediments have been proved to be an excellent tool for establishing the effects of anthropogenic and
natural processes on depositional environments. Heavy metals in the sediments have received much attention and
are important for environmental monitoring because of their persistence, accumulation, and the ecological risks they
pose. Industrial and urban activities have contributed to metal contamination of marine environments and have di-
rectly impacted coastal ecosystems. Thus, sediment cores obtained from those coastal areas provide a good chrono-
logical record of contamination. In 2014, three sediment core samples were collected from different functional zones
( Linhong river mouth, Lian Island Sea and Guan river mouth) in the coastal area of the Lianyungang Sea. Sedi-
ment dating and concentrations of heavy metals (Cd, Cr, Cu, Mn, Ni, Pb and Zn) in the sediment cores were de-

termined in order to construct the pollution history. The index of geoaccumulation (/,,,) and principal component

analysis (PCA) were used to assess the pollution level and geochemical sources of the metals. Vertical distributions
of heavy metals reflected different depositional environments in the different functional zones. Concentrations of sev-
en metals in this study were higher than background levels reported in the literature. In the early 1990s, concentra-
tions of heavy metals in three sediment core samples showed obvious fluctuations. After 2005, heavy metal pollution
in sediment at the mouth of Linhong River displayed a declining trend year by year and an increasing trend in sedi-
ment at the Guan river mouth. In the Linhong river mouth, I, values reflect an unpolluted to moderately polluted
sediment condition. The I,,, values for Lian Island Sea indicate no metal pollution to moderate metal pollution, ex-
cept moderate Cr and Ni pollution in some years. In the mouth of Guan River, I, values show no Cr, Mn and Pb
sediment pollution. For Cd, Cu and Ni, the quality of sediment was unpolluted to moderately polluted. No Zn pol-
lution in sediment was recorded before 2008 and was unpolluted to moderately polluted after 2008. Enrichment fac-
tors for the heavy metals show that heavy metal pollution in sediments was influenced by human activities. Correla-
tion analysis and principal component analysis show that the sources of heavy metals in sediment from Linhong river
mouth were more diverse, followed by the Lian Island and primarily from a single source at the Guan river mouth.

Key words: sediments; heavy metal; index of geoaccumulation; sources of contamination; Lianyungang



