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Fig. 1 Sampling stations in the Daya Bay
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The cores were collected in D1 and D2, which were marked as red tri-

angles. The black shadow rectangle stands for the CNOOC and Shell Pet-
rochemical Company Limited (CSPC) in the Huizhou Daya Bay Econom-
ic and Technological Development Zone. The black cross stands for the
Petrochemical Sewage Outlet (PSO) of CSPC. Gray dashed rectangles
stand for the aquaculture regions. DNPP and LNPP stand for the abbrevi-
ations of the Daya Bay Nuclear Power Plant and the Lingao Nuclear

Power Plant
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Fig. 2 Historical variations of enrichment factor in the Core D1 of the Daya Bay
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Fig. 3 Historical variations of enrichment factor in the Core D2 of the Daya Bay
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Fig. 4 Historical variations of RI in the Core D1 (a) and Core D2 (b) of the Daya Bay
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Fig. 5 The fuzzy matrix R of each sediment sample in the Core D1 of the Daya Bay
R AREREZ VLB, LUT DL e
The R, stands for sediment sample from the first depth (k1), and the rest can be deduced in the same manner
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Fig. 6 The fuzzy matrix R of each sediment sample in the Core D2
R AR R VLB &, DUT DL S
The R, stands for sediment sample from the first depth (1), and the rest can be deduced in the same manner
0,=(0.02 0.32 0.18 0.22 0.26); @,,=(0.02 0.17 0.56 0.10 0.14); 0,=(0.07 0.31 0.13 0.21 0.29); Qg=(0.01 0.37 0.10 0.25 0.26);
0,=(0.03 0.34 0.16 0.23 0.24); Q,,=(0.02 0.19 0.54 0.12 0.14); 0,=(0.08 0.34 0.11 0.19 0.28); Q,=(0.04 0.36 0.08 0.24 0.28);
0,=(0.02 0.31 0.24 0.20 0.24); Q,;=(0.01 0.19 0.51 0.12 0.16); 0:=(0.07 0.33 0.14 0.22 0.25); Q,,=(0.00 0.40 0.08 0.24 0.28);
0,=(0.03 0.25 0.37 0.16 0.19); @,,=(0.01 0.23 0.40 0.17 0.19); 0,=(0.08 0.32 0.11 0.22 0.28); ©Q,=(0.02 0.40 0.07 0.23 0.27);
0:=(0.02 0.25 0.04 0.15 0.18); @,s=(0.01 0.34 0.22 0.24 0.19); 0:=(0.02 0.36 0.11 0.24 0.27); Q,,=(0.02 0.39 0.09 0.24 0.26);
0=(0.01 0.28 0.31 0.19 0.21); Q,=(0.01 0.36 0.14 0.29 0.20); 0.~=1(0.01 0.38 0.10 0.26 0.24); Q,;=(0.04 0.38 0.07 0.23 0.29);
0,=(0.02 0.21 0.47 0.13 0.16); Q,,=(0.00 0.38 0.14 0.26 0.18); 0,=(0.01 0.36 0.09 0.25 0.29); Q,,=(0.01 0.41 0.07 0.23 0.28).
0= (0.01 0.21 0.49 0.12 0.16);  Q,=(0.03 0.38 0.14 0.26 0.18); B8 il D2 T AR: 4 SR 1 AR B
©0,=(0.02 0.02 0.50 0.12 0.15);  @,=(0.01 0.36 0.12 0.28 0.22); Fig. 8 The weigh matrices Q of each sediment sample in the
0,=(0.01 0.20 0.50 0.13 0.16); Q,,=(0.02 0.37 0.12 0.29 0.20); Core D2 of the Daya Bay
0,=(0.01 0.38 0.13 0.28 0.20).
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Fig. 7 The weigh matrices Q of each sediment sample in the

The @, stands for sediment sample from the first depth (k1), and the rest
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¥ /cm

F=0,-R,=(0.90 0.10 0);
F=0,-R,;= (0.96 0.04 0);
F=Q;-R:=(0.92 0.08 0);
F=0,R;=(0.470.49 0.03);
F=0sR=(0.26 0.50 0.24);
F=Q¢R=(0.65 0.35 0);
F=0;R=(0.130.36 0.51);
F=0¢R¢=(0.13 0.30 0.57);
F=QyRs=(0.11 0.33 0.56);
Fi=0QyR,= (0.17 0.32 0.56);

a
HEN Cd mm Cr 0 Cu s Pb N 7Zn

1 2014
2 2013
3 2012
4 2011
5 2009
6 2008
7 2007
8 2006
9 2005
10 2004
14 1999
18 1995
22 1991
28 1984
36 1975
44 1966
52 1957
64 1944
76 1931
92 1913
108 1895
0.0 0.2 0.4 0.6 0.8 1.0
&

G4

R JE/cm

b
N Cd m Cr s Cu s Pb N 7Zn

0.0

2011
2007
2002
1998
1994
1981
1969 ¢
1956 &
1944
1931
1919
1898
1885
1873
1.0

0.2 0.4

A

0.6 0.8

K9 K DI, D2 LB E 4 (Cd, Cr. Cu., Pb, Zn) i #1435 YL AU E 19 ) s A5 £k
Fig. 9 Profiles of weight matrices for sediments from the Core D1 (a) and the Core D2 (b) of the Daya Bay

F,,=0,,"R,= (0.06 0.28 0.66);
F\=0,yR,,=(0.07 0.32 0.61);
Fii=0,R,= (0.13 0.34 0.54);

F,=0,,R,=(0.40 0.48 0.12);
F15=0,5R,s= (0.70 0.30 0);

F,=0,sR,=(0.91 0.09 0);
F,7=0,7R,;=(0.97 0.03 0);

Fi5=0,5'R = (0.92 0.08 0);
F19=0,9'R = (0.99 0.02 0);

Fy =0y Ry= (0.98 0.02 0);
F,=0,,'R,=(0.98 0.02 0).
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Fig.

10 The results of FCA for sediments of the Core D1
in the Daya Bay
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The F stands for sediment sample from the first depth (k1), and the rest

R /cm

can be deduced in the same manner

a2 Em! % % IR
1 2014
2 2013
3 2012
4 2011
5 2009
6 2008
7 2007
8 2006
9 2005
10 2004
14 1999
18 1995
22 1991
28 1984
36 1975
44 1966
52 1957
64 1944
76 1931
92 1913
108 1895
0.0 0.2 0.4 0.6 0.8 1.0
M

A

R JEE/cm

F=0,-R,=(0.76 0.24 0);
F=0,-R,=(0.840.16 0);
F=0,-R,=(0.88 0.12 0);
F=0,R,=(0.96 0.04 0);
F=0Rs=(0.98 0.02 0);
F=0,R¢=(0.99 0.01 0);
F=0,R=(100);

F=0¢R=(100);

Fy=QyRy=(100);

Fii=0,yR = (100);
F=0,R,=(100);
F=0,R,=(100);
Fi=0,R;=(100);
F=0,,R.=(100).

BT RS D2 BORRA: v H 43 i W 25 6 1 45 2R
Fig. 11  The results of FCA for sediments of the Core D2
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Fig. 12 Profiles of sediment quality for sediments from the Core D1 (a) and the Core D2 (b) of the Daya Bay

The F stands for sediment sample from the first depth (k1), and the rest
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Historical evolutions of metal contamination in the Guangdong-Hong
Kong-Macao Greater Bay Area: A risk assessment based on
the fuzzy comprehensive assessment in the Daya Bay

1,234 1,234

, Song Jinming "***, Yuan Huamao '***

Qu Baoxiao

(1. Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao
266071, China; 2. Marine Ecology and Environmental Sciences Laboratory, Pilot National Laboratory for Marine Science and Technology
(Qingdao), Qingdao 266237, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China; 4. Center for Ocean Mega-Sci-
ence, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract: The metal contents in the core sediments collected from the Daya Bay, a typical marine environment in
the Guangdong-Hong Kong-Macao Greater Bay Area were measured in this study. National standard for marine
sediment quality and fuzzy comprehensive assessment were applied to evaluate the historical evolution of the sedi-
ment quality in the past one hundred years. Our results indicate that the metal contamination in the bay experienced
three major stages: (1) Before 1980s, the concentrations of most metals were low and the sediment quality fell into
the category of class I. Accordingly, the metal risk was low in this period. Cr contributed most and Cd contributed
least to the risk, respectively. (2) Between 1980 and 2000, the metal contents were significantly higher than the
background values, suggesting that there was a sharp increase of metal input. The category of sediment quality fell
down to class II and class III. However, the sediments in the margin areas of the Daya Bay were only slightly af-
fected and still belonged to class I quality. Cu acted as a major metal pollutant instead of Cr in this period. (3) After
the year of 2000, the metal levels and the metal risk decreased sharply. The sediment quality recovered back to class

I and Cr contributed most to the risk at the time.

Key words: Guangdong-Hong Kong-Macao Greater Bay Area; Daya Bay; sediment; heavy metals; pollution; fuzzy com-

prehensive assessment
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