ISSN 1009-2722
CN37-1475/P

T 1 M S5 AT I

Marine Geology Frontiers

5% 36 H5 6
Vol 36 No 6

SRR TR 5K 3. BRI 5 = AR 1 2 A e iE 2 35 e PR A LT 190 34 T4 5 202036 (6) : 20-25.

WMEZANBOES RS MFIELT TN

g{i‘%/'f:]aﬁ—_j—\%‘zxag{,‘ 3&41

L5 K25 o TR B, K 11602052 9 5016 SR B th 0, K 26 116023)

W EATFHMNE2UANERMERF 2AERERBARE S THNEZANERE

B R E W oA AR RN B TR R R R AR

& 4ok xR0 R 75 A b 0L B R

h, BREAV.ZAEABRHELBAEZTLAETMABZT IR AAY .2 2IRSF Zn>Cu>Cr

>Pb>Hg>Cd, H®#Ex Z R

BRI A P EFTFR, Cu.Pb.Cr LE AR EFG Fhoh b BT RZM, ALK EKF
EEBITHEMEEH P Zn.8 N3E4L Pb A AR . Zn A 1 AR AF,
EBIR NGB EL B BEKKF R ERRY 4N E

h & 42 E .X55;X820.4 X EkARIRAD : A

0 5lF

4B SR I IE e h EE LY R
—, EEEEA ORI 5R I A e LR
GREAR G LRI HETKE 5 TIHEY
WL RS W AR AL BB SRR T A
& DNA, 1 0 2 AR W 0 52 k8 3 2 3 30
TR K A X A 25 R G 1 AN AT 3 5
T3 7K SRR 1 4 s 4R A 2 VR A BN Y
TN,

NS R EE A m I Y E RIS 2 —,
TR A R R MR AR T Al L AS IR 1) T 5 HE i
SHESBIG YR K, = w5 — Ik
F4) b TR AR a1 TR T i Y5 T 0 ot i S 8
20 fad 50 AFACZE 80 4RAX, E Ak THERL T ik
265 t 5K, 90 AEK W, B T 2320 4k T4

Yo B #7:2019-09-01

NI - [E 5 P R 5 U B RO B S 0 & 4 (2016115
LT A B2 M 42 (L16CGL009)

EH B Ik BPE (1995, BB, A i At , 35 S O U 3 b T F
% .E-mail: HanZhangKeZhen@163.com

CEWAEE T REQ984—) B B, TR, 3 2SI A
B WS R A AR Y 536 P T AE . E-mail . dataoyu@139.com

DOI:10.16028/j.1009-2722.2019.180

bR T TS A 4 B R L AR AR T ok R
R, BRME — o R TS AT AT IX
W, R, EEE R R BETURY
HEE, DK IE S RZU0RY E RGN
BVE . BB ST B T P I = AT K A
MRZVORYh 6 Fh 4 )8 (Cu.Zn.Cd.Cr.Pb,
Hg) 1Y & & S o0 A FRAE R T DF e 2
SR BOE XK A S 3R R DU Y 4 8 15 Je it AT
AN

1R

1.1 Wi E

AW AW [E] Ry 2017 4E 3 H P& B X
AT AR NV TR A L B, 2
T LA = A 1 AR, 3 AT
T /NI Kb 25 R Sy B BB K Rk T IS K
Wit NW—SE SE m), 7 8F | 3 55 S0 10 A B3 M
T, A E R b Y B R T R M TH = R 0. 95~
1. 18 ms S AR 52 7Y & AR AR 1) Vi AR . Ik R A
AU DU W I 12 A, 1 K K R W I 3 A
24 (D),



%36 % 55 6

SRR S NS = T 4R 43 A RRAE ST YA 21

120°55’ 121°00°  121°05" 121°10' E

N
40°50"

40°45'

& i
ORI R A

o0’ | 6 10 135 20 LR
40°40'F 0 2km o Y .@gﬂgi

1 ZANEBOREMLER

Fig.1 Locations of sampling sites at the estuaries
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Table 1

Methods of the sample analysis and test
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Fig.2 Contents of the heavy metals in the surface sediments
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Table 2 Correlation between heavy metals and water body environment factors and the heavy metals in different phases

TR pH R DO S Cu Pb Zn Cd Cr Hg

REVRY

S 0.153 0.295 —0.147  —0.347 1

Cu —0.013  0.082 0.183 —0.09 0.423 1

Pb 0.086  —0.189 —0.145 —0.224 0.079 0.751* 1

Zn —0.06 —0.028 —0.309 —0.245 0.346 0.799 ™ 0.927 1

Cd 0.14 —0.154 0.01 —0.174 0.373 0.893" 0.916 ™ 0.91™ 1

Cr —0.347  0.104 0.147 0.492 —0.556 —0.445 —0.545  —0.596" —0.588 1

Hg —0.008 —0.09 —0.163 —0.205 0.301 —0.858™  0.951* 0.985™ 0.957 —0.569 1

C —0.14 0.299 0.001 —0.147 0.449 0.904 ™ 0.663" 0.787* 0.743 7 —0.548 0.794 ™

T * R P<<0.05, » * %, P<C0.01



5 36 & 45 6 0 SRR S NS = T 4R 43 A RRAE ST YA 23

®3 BARKRBRTFSREHSITE

Table 3 Statistics of the seawater single
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Table 4 Correlation between I geo and heavy metal contamination
WiH 15 Ye A5 A
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Table 5 Igeo index of the heavy metals in the surface sediments
we 0w P w0 w0 w0 a0 g
(Cw (Pb) (Zn) (Cd) (Cr) (Hg)
1 0.39 1 —0.16 0 4.04 —6.45 0 0.09 1 —5.14 0
3 1.59 2 0.9 1 4.62 —4.62 0 —0.23 0 —4 0
4 1.82 2 0.35 1 4.5 —4.45 0 —0.22 0 —4.11 0
6 —0.1 0 —0.58 0 1.1 —6.92 0 —0.21 0 —9 0
7 0.74 1 —1.13 0 2.92 —8.87 0 0.1 1 —6.5 0
9 0.16 1 —1.12 0 1.19 —8.17 0 0.72 1 —8.72 0
11 0.58 1 —0.69 0 2.23 —8.29 0 1.1 2 —6.78 0
12 0.38 1 —0.87 0 1.65 —8.17 0 1.11 2 —8.03 0
15 0.54 1 —1.13 0 1.3 —7.97 0 0.68 1 —8.58 0
18 0.68 1 —0.95 0 1.67 —7.97 0 0.27 1 —8.24 0
19 0.78 1 —1.3 0 1.32 —8.07 0 0.6 1 —8.47 0
A2 0.93 1 —1.08 0 1.54 —17.97 0 0.61 1 —8.48 0
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DISTRIBTION OF HEAVY METALS AT THE JUNCTION OF LIANSHAN,
WULI AND CISHAN ESTUARIES, JINZHOU BAY AND THEIR
CONTAMINATION EVALUATION

ZHANG Siyang', YU Datao’* , ZHANG Ge!
(1 School of Geography, Liaoning Normal University, Dalian 116029, China;

2 National Marine Environmental Monitoring Center, Dalian 116023, China)

Abstract: Heavy metal distribution patterns were studied in this paper based on 24 seawater samples
and 12 surface sediment samples collected from the junction of three estuaries, i.e. the Lianshan estu-
ary, Wuli estuary and Cishan estuary, of Jinzhou Bay. The methods of single factor evaluation and
geoaccumulation index were adopted to evaluate the contamination level of the area. The results show
that the element contents of the surface sediment are in an order of Zn>>Cu>Cr>Pb>Hg>Cd, and
their contents decrease with the distance increase from the coast. According to the geoaccumulation in-
dex, it is heavily polluted by Zn in three stations, moderately polluted in two stations, and mild mod-
erately polluted in the rest stations. Cu, Pb, and Cr elements are all ranked between the light pollu-
tion and mild moderate pollution. The pollutants in the seawater in the study area are dominated by Pb
and Zn. According to the records, the Pb content exceeds the standard at eight stations. There is only
one station where Pb contents exceeds the standard. The other stations are qualified to meet the re-
quirements for marine management and protection of corresponding functional areas.

Key words: estuary; heavy metals; seawater quality; surface sediments; Jinzhou Bay



