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Fig. 1 The sampling site in the Ma’an archipelago
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Tab.1 Background reference value (C.) and toxicity

coefficient (T}) of heavy metals

JG#E  element
Cd Cu Pb Zn Cr As
C;(IO’G) 1 50 70 175 90 15
T! 30 5 5 1 2 10
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Tab.2 Grain size characteristics of sediments

REE WK% BMR%  ER% FE AP EIRAE/um
depth clay silt gravel D[3,2]
Al 34.95 64.35 0.70 6.19
A2 41.42 58.45 0.13 5.38
A3 41.67 58.24 0.09 5.34
A4 34.79 65.20 0.01 6.14
AS 37.75 62.09 0.16 5.52
A6 35.26 63.27 1.47 6.44
Bl 36.65 62.08 1.27 6.23
B2 32.82 63.74 3.44 6.63
B3 33.25 64.12 2.63 6.88
B4 26.32 55.74 17.94 7.73
B5 34.11 62.82 3.07 6.67
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Tab.3 Heavy metal vertical content of columnar sediment

H 4 J®/(mg/kg) heavy metal

I

depth cd Cu Zn Pb Cr Ni As
Al 0.30 11.25 37.20 9.05 27.85 13.60 8.60
A2 0.45 22.45 98.70 15.80 45.20 20.55 19.90
A3 0.45 13.75 47.50 8.70 28.65 11.40 12.65
Ad 030 11.40 30.75 8.70 26.60 12.75 835
AS 035 9.30 44.95 9.90 28.85 13.90 7.50
A6 035 10.60 4255 10.20 31.75 14.60 6.80
B1 0.80 28.35 99.20 20.35 57.80 27.50 19.95
B2 0.65 15.00 107.80 15.30 47.65 21.90 18.25
B3 030 8.25 56.20 8.10 26.30 12.10 14.60
B4 030 8.55 28.40 7.05 25.15 10.75 8.75
B5 0.45 8.60 26.70 9.05 25.30 10.95 8.50
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Fig.2 The percentage of heavy metals speciation of columnar sediment
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Tab. 4 Correlation analysis matrix among

heavy metal elements

Ni Cd Zn Pb Cr As

cd 08597 1

Cu  0.898" 0.796™

Zn  0.900” 0.775" 1

Pb 0987 0.886™ 0.892" 1

Cr  0.990” 0.892 0.923™ 0.989™ 1

As  0.795" 0.735" 0.929" 0.809" 0.837" 1
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X bR, SRR TR HET T 75 G 9P (GRS).
HRUUER Y HCd, Cu. Pb, Zn, Cr. AsifE4:
SR G H RE(CHB/NTL, WHRADE S
TSGR FARYTS YRR B, MR TR 4R

B3 AR ES R, E

Fig. 3 Heavy metal I, values in columnar sediments
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Tab.5 Columnar sediment heavy metal ecological hazard index evaluation system

Cd Cu Pb Cr As C, RI
ci TR value range 0.3~0.65  0.17~0.57  021~0.86  0.10~0.29  0.28~0.64  0.5~1.33  1.56~3.0
X145 F441H Regional average 0.43 0.27 0.45 0.16 0.38 0.81 2.49
E} BUAYIR  value range 9~19.5 0.83~2.84  0.21~0.86  0.50~1.45  0.56~1.28  5~13.27 16.1~39.21
. XHPHME Regional average 12.82 1.34 0.45 0.79 0.75 8.11 2427
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Fig. 4 Heavy metal vertical content map of columnar sediment
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Assessment of the speciation and vertical distribution characteristics of heavy
metals in sediments in artificial reef waters of Ma’an Archipelago

SHI Yigian', ZHAO Xu', YU lJinchen', LINJun', HAN Xingyu', LIUZhen’, HUANG Hong "

(1. College of Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Zhenhua Heavy Industries Co.Ltd, Shanghai 201100, China)

Abstract: In order to understand the characteristics of speciation and vertical distribution of heavy metals in the
sediments, columnar sediments were collected in surrounding waters of Ma’an Archipelago in June 2018. Seven
heavy metals (Cd, Cu, Zn, Pb, Cr, As, Ni) were analyzed, with the improved European Community Bureau of
Reference (BCR) method, by measuring the grain size composition of columnar sediments, and the vertical
distribution characteristics and sources of heavy metals in the sediment of Ma’an Archipelago, by combining the
analyzing method, /4, correlation and potential ecological risk index, were explored. The results showed that fine
silt (D [3,2]) was dominant in the columnar samples; the content of heavy metals in the columnar samples
fluctuated serratedly with depth. The total amount of seven heavy metals reached the peak at 0.5 m and 2.0 m; all
of them reached the class I standard of marine sediment quality in China; Cd was dominated by secondary phase,
which was composed of the exchangeable and carbonate fractions (F1)iron-manganese oxide states (F2) and
organic matter and sulfide fractions (F3), The proportion of three fractions was similar; the mode of occurrence of
Cu, Zn, Pb, Cr, As, Ni was residual state, and the trend of effective state of seven heavy metals was periodic and
consistent. Take Ni as a reference, with three analytical methodsresults showed that Cu, Zn, Pb, Cr, As and Ni are
mainly natural deposition, and whether Cd is a threat to the environment still remains for further study. Through
three analytical methods, we can observe the content and morphology changing by years of heavy metals by means of
isotope dating, aiming to determine the historical records and influencing factors of heavy metal pollution. The
pollution degree of heavy metals in surrounding waters near Ma’an Archipelago is much lower, and the ecological
environment is totally well protected, and the environment is less affected by human factors, reflecting the results
of local sediment background values.

Key words: marine ranching; core sediment; heavy metal; BCR; geoaccumulation index; potential ecological risk
index; Ma’an Archipelago
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