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Fig.1 Sampling stations for surface sediments in the study area
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RS R TR
BH
st 1R 5 HEE L
E, =320 160~320 80~160  40~80 <40
RI =600  300~600  150~300 <150

232 WAMF EAT EIBHOR

R R B BT R T LA ) T 4 o R
5 Y B N B 4 s e o Y L R
A

Pi=CifSis P= \(Pmean+Prima)/2 (3)
Ao P, YU T 4R 0 R TS YR G

C; R4 I o ) S

S; S iR E TR b ) e i — 2 R
43 i B {E

P U A2 5 Y R

Prcan N EAIFIG YR RTS8

P N RIS A SRR A

PN 5 et B AR N P<<0.7 R 375,
0.7<P<1.0 MG (EmL), 1.0<P<2.0 HiE
FEVG Y, 2.0<P<3.0 ARG YL, P>3.0 HE TS
;'j%[m]O
233 hEARIICE

1969 4E MULLER ™ $ t s A5 %02, T
WS UUAR Y Th T 4 R 15 e BB 1 s A b . HL T
BTN

Igeo = logy[Cu/ (kXB,) ] (4)
A €, NESRBILE n LEI T 55

B, JRTEHEE P AR ITE 0 1035 S0

fe A FRSIE R T, AU E 1.5,

T 4 Hb SRR R AR L 2.

lgeo TTRFRE TR
5 DESEES Vi
4~5 BRI G VI
3~4 SR G \%
2~3 rhaRyT G \Y
1~2 RS e il
0~1 LT SRS I
<0 ESEES I
3 45

3.1 REDHYFE

H4 Folk TUFR i 44 J5i I, BF 53 IX MG R 2T
T LAy 7 (& 2): 5392 msG-Ue FiRD Bk
gmS-FRFTIE Y . gM-FRITIE . (g)mS-&ERJe b
S-ib, sZ-HP D | zS-Fyib . Hr b Bk b AN
R ST 58 X ALY 87.13%, HAYUTAR
FKRVAHZ RN (K 3).

K 3 R, BT X R JZVURIRL B 2 0 3 A
g1 KR & Ji i B pa v 3 A b Oy b X, o
SEX R 17.82%, Bk - N 5.450, F-
Vit 22 4 2.12, IR AR 0.21, 30638 H
0.85(5% 3); @ BRUTAY X = B4 TP 7E B P 0 5
FIAC PSR 5 J8 20 3R 3, AR A A% 15 o 20 1 35
T, ST X TR 12.87%, SF- Xk 2 -1
{Eh 3.460, FIbRERZE R 1.70, FIWAN 0.55,
SERIERN 1.75(36 3); QM IRRP X, i WF5T X T
T 69.31%, VYR V-4 {H h 4.020, VB bRifE
TR0 1.85, RN 0.38, FHIES N 1.21(56 3).
F 9% X 32 J2 DU A B 5 B0 i 3 o) L 0 Vi %
WA KL AG R 3, BIV ER JCRR TR i SOR 2 7 44
FLZ BRI e TR ok

32 ERZTEDHHEHE

X AF5E X R JZ DL H As, Pb, Hg. Cr. Cd.
Cu. Zn Fl Ni 8 B 43 J& JU R & &R0 A FEIE HEA T
Gt (£ 4), MEATUFRR, BHRXERZTR
SR SRR, He S, F &8k
16.58 pg/kg, Cr & i fie ey, V34 & it hy 43.85 mg/kg,
PIE A 3 MR R . EIRE SR &R &I
JIFUF 4 : Cr>Zn>Pb>Ni>Cu>As>Cd>Hg. Pb



F39% 53 W

MR, 2 R LR R U EE G 8 AR5 KU ORI AT 43

L3
(>2.00 mm)

30%

S%M

3 y 4 SIVIE X I\
Ty 101 o1 ¥

(<0.062 5 mm) (0.062~52.00 mm)

B2 RELRY Folk E
Fig.2 The Folk triangle of surface sediments

38.20° QN @;;m e
N D) = S
g © 5
78
38.15° F 23 km
120.5° 121.0°E

BRI TRy Y TTHY 5k
3 RRMERSH
Fig.3 Distribution of the surface sediment type
x3 NMBEYIRHESE

Table 3  Distribution of grain size parameters of the surface
sediments in different areas
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Fig.4 Spatial distribution of heavy metals in surface sediments of the study area
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Table 5 Potential ecological risk coefficients of heavy metals
in the surface sediments
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and TOC

Hg 45, JF- HER Pb b, 85 25085 (55 4), #EDW Cu.,
Ni Al Hg 52 I A\ 2836 sh 52, 1 Pb 32 AT sh 4%
/INo FE2H, A Cr Al Zn, B Cr fll Zn IR 5
HA 4B AAEIX B, H Cr F1 Zn 5Bk As ShE 4>
JRICR MM I B, A —E R, (2 Cr fl
Zn TE B3 3 B 05 KO R RO R, 52
NN
423 ERSHGH

N T AT oY X R R AR A TS Yok
UR, ATRAT REFF 00T, IR 9l LIE H,
AHOC R BUHE FERHT 2 SRR 35908 5.14 il 1.04,
I TR 9R 64.29% Fl 12.95%, ZFH )7 2557
Bk 77.24%. N F RS 1A 2 B (s
B AR S IX 4 R UC R

R9 PRRXRENPUESETREMMFEEMTHE
Table 9 Eigenvalues and contribution rates of
main components of heavy metal elements in
surface sediments of the study area

FRO BT RFEAE BIARREAEETT ZE DTN/ % Rt TT Z SRR %

1 5.14 64.29 64.29
2 1.04 12.95 77.24
3 0.70 8.69 85.93
4 0.64 7.93 93.86
5 0.30 3.74 97.61
6 0.12 1.52 99.12
7 0.05 0.65 99.78
8 0.02 0.23 100.00

F A 1(PCL) i B T 807 2 1Y 64.29%, Cr
(0.90) . Cu(0.95) . Zn(0.96) . Hg(0.80) . Ni(0.96)
16 PC1 FHA R s ry 2 (6 10) . T H, BR As
HPHARE B ICR Z AT EH A OCPE (R 8), 17
TEFEEYE . AR B RES R 50E, cd M Hg
8 433k 57 Ak v A5 A S XU GO0 5 AR IR 25

F10 RERRYEECRTRER S EEHEER
Table 10 Rotation load matrix of principal components of
heavy metal elements in the surface sediments

HEm PC1 PC2
Cr 0.90 -0.18
Cu 0.95 -0.03
Pb 0.63 0.16
Zn 0.96 —0.07
cd 0.72 0.11
Hg 0.80 0.11
As 0.06 0.97
Ni 0.96 —0.08
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Spatial distribution of heavy metals in the surface sediments of Changdao Island
and their sources and pollution assessment

LEI Yanxiang”, ZHANG Bin'”, WU Zhiguo'?, WANG Xiaodan'?, TANG Ronghui'”, HU Lei'”,
ZHANG Pengpengl’z, WANG Enqiangl‘z, TENG Yongbol’z*

(1 Shandong Geophysical and Geochemical Exploration Institute, Ji'nan 250013, China;
2 Shandong Geological Exploration Engineering Technology Research Center, Ji'nan 250013, China)

Abstract: A survey was conducted in July-August 2020 to evaluate the risk of heavy metals in the northern wa-
ters of Changdao, surface sediments from 101 sites were sampled, the types and particle size distributions of the
surface sediments were studied, and the content, distribution characteristics, and correlations of 8 types of heavy
metal elements were explored, including AS, PB, HG, CR, CD, CU, Zn, and Ni. The potential ecological risk in-
dex method, sediment environmental quality assessment, and geoaccumulation index method were used. Results
show that heavy metal elements were mainly enriched in the waters of the southern part of Daqin Island, the north-
ern part of Beihuangcheng Island, and the northern part of Xiaoqin Island. Most heavy metal elements were signi-
ficantly positively correlated with the average particle size; sediment types were affected by tidal currents and to-
pography. The results of risk assessment show that the study area was in a very low risk environment as a whole,
and the potential ecological risk index method reflects that Cd and Hg in only some stations were at medium eco-
logical risk; the sediment environmental quality assessment reflects that Cr, Cu and Zn were not in the natural
background environment only in some sites; the geoaccumulation index method reflects that only some Cd sites
were in a slightly polluted environment. The source analysis shows that the concentrations of Cd, Hg, Cu, Zn, Hg,
Ni, and Cr were affected by human activities such as aquaculture and sewage discharge, while that of As was only
affected by natural soils in nearby islands and nearshores.

Key words: Changdao Island; surface sediments; heavy metals; risk assessment; source analysis
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