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Table 1 The essential features and the statistics of the sediments pouring into the sea from rivers in the East China Sea Coastal
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Fig. 1 Schematic map showing the bathymetry, regional circulation pattern in the Eastern Chinese Seas
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’

and the geographical location of vibrocore DZ-28. (The grey black areas represent the muddy areas. )
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Fig. 3 Down-core changes in grain-size parameters {from vibrocore DZ-28. (DU1 to DU3 are depositional units. )
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Fig. 5 Down-core distribution of heavy metals concentrations from vibrocore DZ-28

Cu.Pb.Zn.Cr,Cd,As Fl Hg i & 2516 75 Bl 2 51
7 36.9~43.8.32.9~45,109~128,92.2~99. 2,
0.085~0.12,11.1~14.9,0.033~0.045 mg/kg,
BAT B ¥ E 4 B A 40025, 36,24, 116. 85,
96.225.0.1.12. 27.0. 038 mg/kg. M4k Pb & & 1E
27 cm DA REARANAE BLE 27 em L F Pb & 824
EH R MG, CuZn 1 Cr 5 Pb
HA MBI E AL, 5 Pb.Cu.Zn Ml Cr 48
AR, As . Cd il Hg BA7 5 2Z A0 K i) 28 b KL
o o, As 1 et R AR S 3 R B 0 9/ T ik 2D
AR fk R B T Cd Al Hg 84K & 5 R A8 (HH A —
SE % s L

Cu.Cr.Pb fl Zn JL Z & & 4F 1982 4£ (27 cm
A LA B 3 1 K VTR AR 20 42 7080 4F:
VLG 405 & B AR A TRE A 45 W& b, X A
[Fi] 25 1 0 %) s () 28 A 343 W 3 2 ST 2 AT g2 A28
B % . As.Cd Fl Hg 70 % Rl 8] (19 25 1k 8
PR TE 1982 4R J5 & I8 A0 i e —H AE 1982 4F
Jei B B AR AR ) 5 K YT N 23 Bl i R [A] A i

JL A 2% - R W1k 86 I 38 32 4K T3 BN 263 3 B2 i
BN WL, FATA A SCH CuPb Zn Cr X 4
JLER AT BE R V3 BN 2 3 2l i R B0 A A B O
.

3.5 ExRAVMAERETUHENKIREA
2K i Bh By i B

R W9 4% B T 4 T 11 7 i A2 R 14 5% T 45
J i AR TR & 48 & X — R bR A
REA RN 4 8 2 NG Sh R R . N
553 A 5 AR Ak T T o 19 5 i 30 T A A B O X 4
J&ICFE Z N NG S m i AR, AT CuPb.Zn,
CrotEfF TIH— LB, hF Al CRREF K
F T RER A, HHSRIE DL A SRR £, [ A, Al JT
FRRHETZMS IR WAL Al ot
ENSHILE., WEG6 iR, BEeRuis ALKIE
S 4 2 1] A2 Ak R AR T 003 B L U8 3l ¥ 1R 4 0N T L
Cu.Pb.Zn.Cr JLE M 4axt & i 7E 80 AFLE & i it
F RN AEF A Hhom TR R TE 20 4l 80



%3

FRAIR 5 WAL R PR X T 140 4F ok 3 5 J 70 3R AT 37 B HOW VA BN 28978 3l B4 i g 29

EREATTR PG & . JWii AR 38 CuPb.Zn.Cr
JCER (18 2 6 55 £ I ] 38 A0 AR AIE  FRATTHE HOR B
mr 3AHrE:

B 1 BB 1982 AR AT, aX B I 4 JE
AR RS WA TR IS T8 BRI
B VAT BT R R AR ER AV I SRR R 1 28 5F KO
FHXF A 52 N 2S5 2 52 A AN I 2

52 BB .1982—2005 4, Cu.Pb.Zn.Cr gt £
ot XF O o 1A S R AR R B G . 1982—2005
A LRKYLHIER M) GDP ¥4 in T 25 31 A5 (& 6) . KT
T3 B A 230 Bl 5 B AE 80 A4 LA i s HE i
X B A R TS Y W R BV O
7 BT X8k, DA -5 BT AL Hh I 2 0T 2K ) 4 )
R B, B Pb YA RSB B R B
1 i AR A A ABRAE 1992—2005 4R [ JLT- )
FEARAS X AT A 5 &% Pb yA0M 1Y 25 F S 80K VT I 38
HEB B IR Pb ¥ Y M 8 ik O e A X A2 8 A G .

55 3 BB :2005—2013 4F, Cu.Cr Ml Zn 46 % &
SN AR 2% T Ph A% % ik S I G AR
ffaFh, X sz 7z Y N 3 R HEAT B A AR A
185 AT RpLk & R I 22 0 e R, DTG A 8 b 4 i) 1
BTG R HE , S BT A B2 Cu Cr
F Zn JUER BRI I 2 02z 1 BT o Cu,
Cr F Zn (4 X & RN B AR S, 1 Pb & #1192
SRIEINATHES 2003 fY) =W K IR ) 5 KA 26, =k K
IUUAR Ji FH 63 75 4 VA TR 4 0K ) B 9 O U5 K A= T ek
AR Sk | AR LW IR Vi A L i R T R i
TS HER Ph 15 YWy i) e U0 A RS 3E I i S 5
KAT AR P 2656 55 1 25 38 n A ii 53¢ Pb
FRy e X (R i

LARE R EREESE TR NSRS

Cu/Al Pb/Al Zn/Al

44 4.|8 52 39 4.|6 5.3 13
i i i

0

ASTRIIH R N 2636 sh B VA OG . 52 AR IR R 52 i 3
3.6 HIABFREEERELCENEERS

AR Fiy #1242 % Hakanson F 1980 4F # 57
) P E A 251G 48 B R R B 5T X B B 4 s 75

KA s a0 BRI R TR T .
PAANSH 4 B V5 Yt &2 8 (contamination factor) :
¢
Ci C (1

K. CrWERRE NS RREGC NEEE
(RS B2 5 C, &« BPF 2 LU AR .

VLAY B 4 8 15 L R B (metal pollution lev-
el

Co= 30 2)

TRy h ZME SR NBEAESEERR Ex
(ecological risk index) W AT B4 BIBEESHFE
Ey /ibPSYilE

Ea= Y Ei=3"Ti-C=3"Ti &

(3)

Hrp B —XE R W EESEERK
(ecological harm coefficient) ;

Ei=Ti .« Ci 4)

XL ECHER  MBTEAESEHERET. N
B4 )@ 55 M W £ %X (toxic response coefficient) ,
J52 e T 4 S 1Y) B A 2K ST B A RS i 4 SR 7 G A ABURR
FREE HEABE LR 2.

DL AR LA B9 TR v o 465 e e v BV Sy i
VLT R o XA T S (3R 2) .3 H 5 T HUIREE DZ-28
DU 4 R 255 15 G 7 80 Co DA R 1E A2 28 X
W 4e % RIL 45 R WA 7,

Cr/Al GDP({ZT)
15 11 11|.5 12 Q 300000 600000

104
204
30
40
501
60
704
801
90
1004
1107
120~

RIE/em

F1

6 AURIE R MR DZ-28 JLARW) 5 4 i 2 1 A8 AU RFAE G X 107

Fig. 6 Down-core distribution of aluminum-normalized heavy metals concentrations from vibrocore DZ-28(unit; 10™")
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DEPOSITIONAL RECORDS OF HEAVY METALS FOR
THE LAST 140 YEARS IN THE ZHEJIANG COASTAL MUDDY
AREA OF THE YANGTZE RIVER BASIN AND
THEIR RESPONSES TO HUMAN ACTIVITIES

ZHANG Zhen'*?,LIU Jian>* ,CHEN Bin**,XU Gang®,QIU Jiandong**, WANG Shuang”

(1. College of Earth Science and Engineering,Shandong University of Science and Technology.Qingdao 266590
2. Qingdao Institute of Marine Geology.China Geological Survey, Qingdao 266071

3. Key Laboratory of Marine Hydrocarbon Resources and Environment Geology, Qingdao 266071)

Abstract: The sediment samples of the vibrocore DZ-28 taking from the Zhejiang coastal muddy deposits
are analyzed for grain-size, “’°Pb and ' Cs isotopic activities, concentrations of major elements and heavy
metals (Cu, Pb, Zn, Cr, Cd, As, Hg) by the authors. In addition, the comprehensive contamination de-
gree (C,;) and potential ecological risk (RI) are adopted to evaluate heavy metals contamination in the
study areas during the past ~140 years. The sedimentation rate of the core DZ-28 is 0. 85 cm/a, based on
“°Pb dating. The contents of Al, Fe, K, Mn and Mg increase significantly since early 1980s and the grain-
size shows a similar temporal distribution pattern, except the temporal variations of Si and Ca contents in
an opposite trend. This may be caused by the construction of water conservation projects such as dam con-
struction in the Yangtze River Basin and the extensive development of water and soil conservation work in
the upper reaches of the river. The absolute concentration of heavy metals was nearly constant before early
1980s, and then it was substantially increased from the early 1980s to the middle 2010s, presumably due to
the significant increase in heavy metals pollutants from the Yangtze River Basin. After the middle 2010s,
the growth rates of absolute concentration of Cu, Cr, and Zn slow down, suggesting that the emission of
heavy metals from the Yangtze River Basin has reduced likely due to the effective measures of environmen-
tal protection in China, but the Pb content remains significantly increased, possibly owing to the operation
of Three George Dam (TGD). The economic risk in the study areas was minor during the last century as
evidenced by the far low value of C, and RI. Our research results demonstrate that the distribution and ev-
olutional characters of heavy metals during the last 140 years in the study area are closely associated with
the human activities in the drainage of the Yangtze River,

Key words: muddy area of Zhejiang coastal; heavy metal elements; sedimentation rate; response to human

activities



