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Red dashed line represents the channel; blue dashed line represents the breeding area.

1 WFFE X PR SRR o i T

Fig. 1

1.3 HiELE

K H SPSS 25, Excel 2010 Fl PMF 5. 0 &k {4 i
TGt o B FUECHE Ab 3
1.4 ¥FHhFE
1.4.1 EZHEHRT 4B (PME) A

PMF 5815 S 5 i A0 8 A A7 A5 80, AR 4 4
IR VIR & b 4 50 i DR 25 SR 5l o e /b
TPk i g F 2 YR S otk HEA Y

X=GF+E, (D

Schematic diagram of sediments at sampling sites in the study area

Q:§]§3<;ﬁ>2, 2

€ :-75[1‘_21551%][@’ 3
hxXom BRI, o o AR S m AR L B h
FTGRVEEH E NG EH M Q N HR R e, N
Wi MM DT ERMRZE s, A DR
% NTCEMAEE RN, DR
NICEMWIE g, NI X i RS A TTER, £



I AR E,2023 5,30 %, 5 4 #] Guangxi Sciences,2023,Vol. 30 No. 4

R R P AEEBICR AR, ESBEERDY
YR T AR R /METE A Q SRt 72 Q
T/ IME R SRR L3R 5 G U5 X 51 k2 RS Y A
Iy I, BRI ] PMF 5.0 $EA7, 4 J8 A
FE R AL T A0 E
s; =/ (ES X ¢)? 4+ (0.5 X MDL)" , (4)
K, ES S £, 38 5 BUHE A 0. 05— 0. 20, A B 58 HL
{8 0. 05", 4 J@ o6 F W E S . MDL ot
EX ] i
1.4.2 R R FHBK

T JFE 2 2 U0 R W 5 B o TR B0 R AT
M, HATAN J5 i J2 FH P 8 45 R oo 2 S 5 % T
F AR (A R AT HG Aok i o % 4 TR 1 LA B R 2

Bl A A
PG ®
" _S/II ’

K. P, HEWAESEm M5 REH.C, hES
J&m WSEIE .S, NESEm WirfEE. 5 P, <
1, RZVURY B i AR 2 P, >1 i, R)E
DURR ) ot i ANl AR AR e . DA A o R FH QT DO
Jo ) A B — SR TR R R o
1.4.3 HH£BT(EF)*

A R A R IE O N 2R3 gh xR 2 TR
T 4R AR R R A SR
(K., /K qmple
(K, /KD uscine
K. K, NEESEICE m MWHRE K, IirfEfbt R
i U, sample /R FE i, baseline #/R T ;. A
IR LL ALAE AR AL TC 2, R [ g DT B 4 oT
FEEEENTRME. SENTFELILEL,
*1 EEERFHIRAREERTHEE

Table 1 Classification of enrichment factors and the pollution

EF = (6)

degree of heavy metals

GELED gt T5 g
Enrichment factors Gradel'™ Pollution degree'™
EF<2 Non-slight Non-slight pollution
2<<EF<5 Medium Medium pollution
5<CEF <20 Strong Heavy pollution
20<<EF <40 Very strong Severe pollution
EF =40 Extremely strong Extreme pollution
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Table 2

.., = log, , 7

Geoaccumulative index (I,,) classification and the

pollution degree of heavy metals

o R FRIE B FH 15 Qe iz
1o Grade Pollution degree

I, <<0 0 Clean

0<I,,<1 1 Slight

1<I,.,<2 2 Moderate

2<1,.,<<3 3 Medium

3<TI,,<4 4 Relatively heavy

4<I,.,<5 5 Heavy

I,,=5 6 Extremely heavy
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Table 3 Standards and classification of potential ecological risk

TR A A XU 23 4%

Er’ RI Potential ecological
risk classification
Er'<40 RI<C105 Slight
40<<Er' <80 105<<RI<210 Medium
80<<Er'<C160 210<<RI<C420 Strong

160<<Er' <320 RIZ=420 Very strong
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Table 4 Background value and toxicity response coefficients of

Al, O; and heavy metals element

LXK Tr' €./ -
Element (mg+ kg D
Cr 2 61
Cu 5 15
Zn 1 65
Cd 30 0. 065
Pb 5 20
Hg 40 0. 025
As 10 7.7
Al O, 5. 87
2 #ERE59MH
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Table 5 Statistics of heavy metal element content in surface sediments

Cr.Cu.Zn.Cd.Pb.As Fl Hg ) Ji £ & & 15 B 5 5k
38.67 — 264.90, 6.98 — 22.31, 14.42 — 72.73,
0.061— 0.196, 12.80 — 25.32, 5.27 — 21.40 #0
0.013—-0.035 mg * kg ', ¥ Jf & % F (mg
kg ) B K/ N Cr(61.58) >Zn(50.51) >Cu
(16.56) >Pb(16.19) >As(7. 41)>Cd(0. 120)>Hg
0.021), W25 RBOEF . Bk Pb,Cu Ml Zn /N T
200040, HoAth 4 FhooT R M AR R R A (23.00% —
61. 70 %) &R HL K, Horp Cr 9748 53 2 80 KL A BH 3L
BHORR BE A, 25 ) A3 A0 AN B 5] 52 N 2R Bl sl A ok
PR B M 5 K L FE A [ 4 Al b, Cro As F1 P
1B X 32 00 A0 76 g 4 Ll B P RS S, b ZERE AL S LAY
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1 Heg 5 {8 DX 7E R 2 1 5 79 g 30 K AR 22 7R 78 1) 2t
ARIBAG 5 Cd e {8 X AE R P B DAVE KR R b 4R -7 7Y
] A (& 2)

Unit:mg + kg™’

i H Item Cr Cu Zn Cd Pb As Hg
Range 38.67-264.90 6.98-22.31  14.42-72.73 0.062-0.196 12.80-25.32  5.27-21.40  0.013—0.035
Average value 61.58 16.56 50. 51 0. 120 16.19 7.41 0. 021
Median 54.28 16. 43 49. 85 0. 121 15. 77 7.24 0.019
Standard deviation 38.00 2.91 9.75 0.037 2.62 2.68 0. 005
Minimum 38.67 6.98 14. 42 0. 062 12. 80 5.27 0.013
Maximum 264. 90 22.31 72.73 0.196 25.32 21. 40 0.035
Coefficient of 61.70 17.58 19.31 31.18 16.16 36.12 23,00
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Fig.2 Spatial distribution of heavy metal in surface sediments
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Table 6 Comparison of average contents of heavy metals in surface sediments between the western coastal area of Miaodao Archipela-

go and other typical coastal areas Unit: mg « kg ™'
Efi Cr Cu Zn Cd Pb As Hg
Northern Shandong Peninsula! 61 59.5 65. 13 0.12 23.84 7.41 0.030
Bohai Sea"*"] 24.7 0.177 17.6 7.51 0. 038
Background value of Bohai sediment™") 23.1 16.5 20. 7 0.12 14.6 7.06 0. 025
North Yellow Sea™ 11.6 52.7 0.22 25.2 13.3 0.070
South Yellow Sea"®" 17.72 69. 95 0.135 16.27 6. 89 0. 022
Continental shelf of northern South China Sea™"’ 25.5 9 46.9 0.79 23
Southern Miaodao Archipelago™ 28.1 17.5 52.8 0.121 18.2 8.37 0.018
Standard value of first type sediment™" 80 35 150 0.5 60 20 0. 200
Western Miaodao Archipelago (this study) 61.58 16.56 50. 51 0.120 16.19 7.41 0.021
Wl ® o R A IR 1 7 A R R 2
_ +7n TR BTN B B U T I O % 8 s T e ) 9 O 1) ) 52
w0 oPb M50 BB A 1V RS 3 2 OB . X 9T X TR
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Fig. 3 Annual variation of heavy metals in surface sedi-

ments of Laizhou Bay,Bohai Sea™'*"

2.2 EEBEEXMERE

e R — W52 X, A SR UL AR v 6 s 22 1) A7 A AT
St I 4 e AT AT RE A AR LAY R PR L B KA T
T e L BTN TR W 5 O L U ok

o3 HIEAT 20 UL A E N T BON 3 AL Q (true) /
QCexp) WL 1, RUITHABCR B B Hg TR
S AL A TTR MR R B R® IR T 0.76. %W
fp A4 BRI HE . [N, PME B R A i 3 AN T AE 10
YIRS LR 4,



I AR E,2023 5,30 %, 5 4 #] Guangxi Sciences,2023,Vol. 30 No. 4

®71 RERBRYHPESRE TEXEZREALYZ AHHEXESH

Table 7 Correlation analysis of the heavy metals, major elements and their oxide in surface sediments

Cr Cu Zn Cd Pb As Hg Al, O, Fe, O,
Cr 1
Cu —0.671 % % 1
Zn =0.711 % * 0.833 % * 1
Cd —0.249 0.378 * 0.174 1
Pb 0.617* *  —0.032 —0.085 0.079 1
As 0.922% %  —0.517* * —0.568* * —0.329 0.648 * * 1
Hg —0.346 0.651 % * 0.639 % * 0.084 0. 066 -0.113 1
Al, Oy —0.440 * 0.794 % * 0.690 * * 0.308 0.103 —0.281 0.846 * * 1
Fe, O, —0.805 % * 0.832 % * 0.819 % * 0.271 —0.275 —0.660 % * 0.756 % * 0.868 % x 1

Note: * shows that at level 0. 05 (two-tailed) , there is a significant correlation; * * shows at level 0. 01 (two-tailed) ,there is a significant correla-

tion.
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Table 8 Comprehensive evaluation of potential ecological risk

assessment of heavy metals in surface sediments
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Spatial Distribution and Ecological Risk Assessment of Heavy
Metals in Surface Sediments of Western Miaodao Archipelago

YANG Peng, WANG Haigen™ " , WANG Qingtong, YU Xingchen,ZHANG Jiahao,
MAO Fangsong,GE Xiangwei
(Yantai Geological Survey Center of Coastal Zone,China Geological Survey, Yantai, Shandong,264004 ,China)

Abstract:In order to understand the pollution status of heavy metals in surface sediments in the western wa-
ters of Miaodao Archipelago,32 surface sediment samples were collected in November 2021, Various assess-
ment approaches,including Positive Matrix Factorization (PMF) model, single factor index, Enrichment Fac-
tors (EF),Index of geo-accumulation (I,,).and Hakanson's potential ecological Risk Index (RI).were used
to comprehensively analyze and evaluate the content,distribution characteristics, enrichment,and potential ec-
ological risk of heavy metals. The results showed that the average mass concentrations of Cu,Cr,Cd,Zn,Pb,
As and Hg were 16. 56,61. 58,0.120,50. 51,16.19,7. 41 and 0. 021 mg * kg ', respectively. The high value
areas of Cr,As and Pb were mainly distributed in the southwest of Nanchangshan Island. The high value are-
as of Cu,Zn and Hg in the southwest of Daheishan Island were generally distributed in an east-west banding
pattern. The high value area of Cd element was generally distributed in the northeast-southwest direction in
the west of Daheishan Island,and the spatial distribution of each element was uneven. Except for the HB90
station,where concentrations of Cr and As elements exceeded the standard values, the concentrations of heavy
metal elements at other stations were lower than those of Class I marine sediments in the national standard.
From the perspective of enrichment degree,except for Cr at the HB90 station, the other heavy metal elements
were at the level of no-slight enrichment. The evaluation results of the geo-accumulation index method
showed that Cd in the study area was mainly clean-lightly polluted. Cr at the HB90 site was moderately pollu-
ted,and As was slightly polluted. The results of potential ecological risk assessment showed that the heavy
metals in the surface sediments of the study area were generally mild to moderate potential ecological risks,
and the main pollution elements were Cd and Hg. In general, the heavy metal pollution of surface sediments
in the western waters of the Miaodao Archipelago is relatively low.

Key words: Miaodao Archipelago;surface sediments;heavy metals;ecological risk
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