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Changes in heavy metal elements in the sediments from Changjiang Estuary and their environmental responses
in recent 1500 years
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Abstract: The sediment samples of the core ZK6 taken from the coastal muddy deposits of the Yangtze Estuary are analyzed
for grain-size, isotopic activities and contents of eight heavy metal elements of As, Cd, Cr, Cu, Hg, Ni, Pb, Zn by the au-
thors. Comprehensive evaluation of the vertical variation in grain size and the heavy metal elements are carried out for the
past 1500 years. Human activities and their influence on the element distribution patterns are revealed based on environment
changes. The sedimentation rate of ZK6 core is 1.85cm/a on average. Both As and Cd show an increasing trend from bottom
to top, while Cr a trend of gradual decrease. The contents of Cu, Hg , Pb, Ni and Zn elements show a decrease trend in the
beginning and turn to increase later on. In addition to Cr, several other elements significantly increase from 2m upwards.
The response sensitivity of 8 heavy metal elements to environmental changes in the basin range in a descending order of Cd>
As>Hg>Cu> Pb>Zn>Ni>Cr. Cd, As and Hg are the alarm of the urgent need in environmental risk monitoring. In such
a circumstance, special attention is required.
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Fig.1 Location of Yangtze Estuary and sampling stations
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Table 1 Grain size parameters for Core ZK6
it b i TR/ TR/ PRI/ kLA /
Vg 28
(<<4pm) (4~63pm) (63~2000pm) pm P pm [}

HART-HH 32.49 58.08 9.43 22.24 5.66 12.07 6.69

4 R 44.40 65.75 42.60 56.21 6.88 53.24 7.71
fe/ME 15.50 41.90 0.71 8.48 4.15 4.76 4.23

BARFHE 36.09 58.31 5.60 16.88 6.05 7.74 7.13

3 R 47.10 64.54 26.30 44,18 7.09 24.45 7.84
/Ml 15.60 51.40 0.00 7.36 4.50 4.36 5.35

B 29.63 64.60 5.77 20.20 5.70 11.21 6.63

2 R 46.00 77.13 11.10 32.70 6.50 26.76 7.78
/M 13.70 50.95 0.28 11.03 4.93 4,55 5.22

BARFHE 33.35 59.84 6.81 19.79 5.75 8.42 6.96

1 R 44.40 70.09 16.20 32.95 6.94 14.65 7.69
f/ME 24.50 52.54 0.00 8.15 4.92 4.84 6.09
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Fig.3 Vertical distribution patterns of grain size parameters for Core ZK6
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Table 2 Relationship between heavy metals and grain size parameters for Core ZK6

As Cd Cr Cu Hg Ni Ph Zn L wi [ TR PERRE
As 1
Cd 0.83"* 1
Cr —0.01 0.05 1
Cu 0.67%% 077°%  0.53%" 1
Hg 0.53* % 0.64% " 0.11 0.58 1
Ni 0.07 0.13 0.90* " 0.63" " 0.12 1
Pb 0.33" " 034" " 070" * 0.67* " 0.25" 073" " 1
7n 0.06 0.13 0.92%%  0.62%* 0.12 0.97*  0.76" 1
L 0.19 0.14 0.18 0.16 0.07 0.20 0.22* 0.21" 1
B —0.39%* —0.30%* —0.28** —0.35"* —0.27"* —0.25% —0.35"* —0.25% —0.58"" 1
b 0.14 0.11 0.05 0.14 0.17 —0.01 0.06 —0.02 —0.66"* —0.23* 1
FIRLR 0.09 0.09 0.09 0.07 0.01 0.150 0.14 0.15 0.86" * —0.20 —0.85"" 1
LR 0.07 0.03 0.16 0.05 —0.02 0.18 0.16 0.19 0.97**  —043** —0.76"* 0.86" " 1

Heox o« fE 0.01 KO b 3FASE; « 78 0.05 K CRUID I 240 ¢ ; N =95,

~0.18,81.1~109,24. 2~46. 5.0. 04~0. 075,36. 6

~53.23.4~36.5.79.9~117mg/kg, %} i 1) F ¥ &
ZK6 fLUI Y E 4 JE L E As.Cd.Cr.Cu.Hg. BN 10.73.0.107.,96.6.,32.5.,0.052,45.8,28.9,

Ni.Pb.Zn fEH W b i & &R 418 5,58 3 fr 100.6mg/kg.

718 o OO R A 5 S A [ A3 0 S 8 ~14.9.,0. 076

23 EEERRERMSHEIE



%39 % 5 2 W

faprb ke, 25 AV D I E 1500 48 LR UL AR Y 42 Jm 5 1 A2 Al B O 3 380 A0 455 o 7

K

25

Fig.5

4 ZK6 fLULAY) HE £ 8 o0 5% & 2 L4 E
Fig.4 Vertical distribution of heavy metals for ZK6

K5 AIKIESR ZK6 YL 4 )8 36 17 22 fk

Down-core distribution of aluminum-normalized heavy metals concentrations for ZK6
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Table 3 Statistics of heavy metal content for Core ZK6 mg/kg
V= S8 As Cd Cr Cu Hg Ni Pb Zn
BRI 12.69 0.14 94.98 36.91 0.063 45.04 29.64 98.72
4 R MH 14.9 0.18 104 46.5 0.075 52.7 36.5 117
/M 9.35 0.1 81.1 27.9 0.044 36.6 25.5 79.9

BRI 11.35 0.11 95.16 31.34 0.053 44.43 28.67 97.34
3 TN (: 13.4 0.13 102 35.5 0.06 49.3 34 107
/M 9.91 0.084 88.5 25.1 0.046 37.8 23.4 81.9

AR 9.94 0.10 95.75 31.26 0.047 45.79 28.36 100.66
2 N (: 11.7 0.11 102 34.6 0.056 50.3 33.5 110
i /IME 8.08 0.076 88.8 24.2 0.04 39 25.6 88.6

AR 9.36 0.09 100.70 31.72 0.051 48.18 29.38 105.82
1 SN 10.4 0.1 109 35.4 0.1 53 33.6 117
e /ME 8 0.079 91.6 27.8 0.045 42.4 24.8 95.3

8 AN 4 J@ JU B AE TR 1) Y AR B AR AL R AE
FH R As, Cd HHEH RN, FHH TR G2 —
BHAEZ A TR Cr JE R H B R, £ 9
HItR S EmB LB Cu . Hg . Pb TR, KM
MAZEIRZE 2 AB LI AEARZE 3 R)Z 4N
TEIEAEEGNLZn TR R EA)E 1 F
23 ABLEKRIG)ZE A BEE T RRE, &
Al JCERERIEG . Ni.Pb.Zn TEAEE 4 F &
S E NI R, As,Cd.Cr,Cu,Hg.Ni,Pb.Zn

JUE 4 AL e KAH L Fe /B X R 0 2R B B8 B2 43 i
1.55,9.15, 1. 55, 5. 25, 9.95, 0.85, 0.35, 5.65,
0.65.5.65,9.65.0.85,1.55.2.15,9. 85.,0. 85m, H
H As,Cd.Cu,Hg.Pb & & EKXMEHHIME 2m L)
&, Cu,Hg & & KA Im I, Cr.NiZn
3 LR & E R K ME B AR B LIS ER 9.5~
lom B (R O, iAILERHE 2m DLk & & B
MR RL IRE Im A A A DU AR L XY
FHERE N 80~90cm,

R4 IKAMBRYESREL2ICERK RIMERESRI

Table 4 Statistics of maximum and minimum depth of heavy metals for Core ZK6

W 24 As Cd Cr Cu Hg Ni Pb Zn
FART-HMH/ (mg/ke) 10.73 0.107 96.6 32.5 0.053 45.8 28.9 100.6
K fH/ (mg/kg) 14.9 0.18 109 46.5 0.075 53 36.5 117
fe/ME/ (mg/kg) 8 0.076 81.1 24.2 0.04 36.6 23.4 79.9
e KA R AR /m 1.55 1.55 9.95 0.35 0.65 9.65 1.55 9.85
s /MERHEREE /m 9.15 5.25 0.85 5.65 5.65 0.85 2.15 0.85
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B 11,11 % . Cr st R 4. 9290 .Cu TR
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Ni JC % F {8 > 4. 96 % . Pb It & F 4 {8 i >
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M 14.19% . Cd JTEFHHEIG M 10 % .Cr JTEF
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2.97% Pb TR FHER N 1. 09% . Zn LR FHMH
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fH3Em 27. 27% .Cr SLE FHHEB A 0.19% .Cu JC
RO E N 17.77% . Hg ¢ R F ¥ E ¥
18.87% Ni LR F¥E N 1. 37% . Pb JL R V1
fE¥G I 3. 38% Zn JTTRF-BEI N 1. 420, &4
IEDIVE SRS Al I 8- NS R RSP I TP
PRI 3 DA R VI O B i 1 30 AR Tl 1)
Wt —DAREZRBH R, 5 ML A B
Bl E-PEHEREFNZ —,

75 8 v K R DB oT R L 2 R A T S
(B 5 R VLI R 5C 1 48 15 B TT K R TR A 200
A HE EL TR 5 1L 3R 7 o H £ L LR R S Ll R K
RULEY 8 A H 48 ot R RCC X Ik £ RO
53 M M As (1.56), Cd (1.36), Cr (1.07), Cu
(1.01), Hg (0.85), Ni (1.16), Pb (0.98), Zn
(1.09) , 3 Z1H % (RCC> 1. 3) By 15 b1 i1 = 2K A
As.Cd, TG KRTIEY 8 M ELRITRM
RCC {H43 514 As(1.13),Cd(1.59),Cr(1.26),Cu
(1.24), Hg (2.04), Ni (1.34), Pb (1.15), Zn
(1.18) , 5 ZU & A 46 A bl 2R Hg.Cd LN,

T 32 B9 K 30K YT 37 el R % 9 Y 97 48k %) 350
T SRR, 5 Z A0 OG0 B 4HF 32 2 A 46 P B — VL AR
LN = o S v I A S N
T WE R RO A e P R =V A
KRV Y) 8 A~FE A& BT R RCC H 437 R As
(1.46), Cd (1.36), Cr (1.10), Cu (1.16), Hg
(1.15) \Ni(1. 20) .\ Pb(1.06) . Zn(1. 10) , 58 Z & 4E
BIFE bR B B A As, Cds )1 E B A AR R X K &
DU 8 A~ 4 J8 ot R M RCC 1 40 5 A As
(0.80), Cd (1.82), Cr (1.55), Cu (2.19), Hg
(1.50) \Ni(1.77) \Pb(1.12) . Zn(1. 36) , 38 Z & £
BFE B A E B Cu W Ni .Cd.Cr,Hg.Zn; I 75 %
PE R K R U Y) 8 4~ 4 J8 JT R 1Y RCC {H 4
W As(1.38),Cd(2.13),Cr(1.36),Cu(l1.35),
Hg(2.65) \Ni(1.47) ,Pb(1.18).Zn(1.22), 5 I
LM FEbR = By Hg (CdNi \As.Cr.Cu; KL
HR IR K R U 8 AN HE & JE gt R 1) RCC
5y M R As (1.17),Cd (1.09), Cr (1.18), Cu
(1.18), Hg (2.27), Ni (1.17), Pb (1.15), Zn
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(1.48), Cd (1.27), Cr (1.03), Cu (1.05), Hg
(2.69) Ni(1.02) . Pb(1.15).Zn(0. 96) , 38 Z1 & 4
48 b = B He As,

A VT8 3R 26 19 7K 2 TR ) 2k o {1 08 £ % L
.8 NESJEILEM RCCHERLZ AT 1.0, KM

KAVTUR R 7 22 3 XK RUTRY) 4 R o R AR E
o A AR AR, Jh o 2w 4 R 2 I AE br
Fh Cd.As.Hg, ZK6 fL A JEHBH T & Cd. As 2
MERFRA TZE LT s X 5REAIT 2
M E % Cd As AR KKK, Hg.Cu.Pb AJE 2
RS EEIE LT m N ER, RUX 3 548 IF
TR W N AN ETE B2 . NivZn 2 D86 & i
FRHH AR 1 E)Z 3 K2 4 T A, DL
CriftraEEMB AR 1 32 4 —HEL KK
FUAE X — 5 1 5 K IR BOX 3 A8 b & 4 KA
ZH K MBS IX 3 AT R BRI A G L
A —ERR., WL, 8 N 48 It F XK Vi ik
A% Ak 1 i) 7 R AR s BRI Ol Cd > As
>Hg>Cu>Pb>Zn>Ni>Cr,
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HHAAKIHEE 2, 0. 35m BB BE (B 8 B & AN B &,
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faprb ke, 25 AV D I E 1500 48 LR UL AR Y 42 Jm 5 1 A2 Al B O 3 380 A0 455 o 7 29
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TR AR 52 B0 G0 380 T00 50 20 A8 R L 1548 40 | AR
F14 e B o B A Ak B 5 R VR N 2R B D R K
TLE = 0 A AT G, & FL T ¥ U BB R R
1. 85cm/a,
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2m IR R BT S BRI, AE 1824,
SF- 25 4 KO B P JC RO CdL HORCh Ass,
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