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Distribution Patterns of Heavy Metals in Surface Sediments of the Yangtze Estuary

and Its Adjacent Areas and Environmental Quality Assessment
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Abstract The concentrations of six heavy metals were determined in the fine fraction <63 pm of surface sediments in the Yangtze Estuary
and its adjacent areas by an inductively coupled plasma mass spectroscopy ICP-MS . The average contents of As Cd Cu Pb Cr and Zn are
10.47 0.19 37.68 36.86 97.80 and 98.65 mg kg™' respectively. The contents of As Cd and Cu appear gradually degressive from west to
east while the contents of Pb Cr and Zn appear no apparent difference. In generally the concentrations of heavy metals are higher in the
south sea areas than those in the north sea areas. Environmental assessment with single factor method suggests that As Cu Pb Cr and Zn are
moderately contaminated while Cd is not polluted. The values of As Cu and Cr are between effect range-low ERL and effect range-median

ERM  which indicate they occasionally bring adverse biological effect at most stations and the values of Cd Pb and Zn are below ERL mean
they rarely bring adverse biological effect by sediment quality guidelines assessment. From the results of factor analysis and cluster analysis we
conclude that the outer sea areas of the Yangtze Estuary and the Hangzhou Bay have lower sediment environmental quality —therefore much
attention should be paid to these areas.
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311~14 . < 63 ‘um 106OC
1.2.2
0.05 ¢ HNO, -HF-
1.80 x 10° km’ HCIO,
300°C 0.1 mLL HF
2003 ~ 2006 2 0.3 mL HNO, HF
15~17
2%  HNO,
2oL 2 25 ¢ Al Fe
18 ~24 5 g 2% HNO3 20 g
HNO; HF
HCIO,
1.2.3
As Cd Cr Cu Pb Zn
Agilent 7500C
ICP-MS Al Fe PE
1 DV4300 ICP-AES
1.1 GB07315
2006 6 E121.8°
~124° N29° ~ 32.8° 1. <5% 110% ~ 125%
<5%
0~ 5cm 200g 95% ~ 120%
35 1.2.4
Mastersizer 2000
*46 N
.44 *43 A <
*43 *01 63 pm 16))
*05 2
« 06
07 . .
-119 08 09 10 2.1
.2026:§'71§15 As Cd Cr Cu Pb Zn
27 .14
28 .13 2.
*12
o As 10.47 mg kg’
31 26 17.29
) o VAL . »
2570 30 60km ’ 3B mg/kg 34 7.19 mg kg™ .
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43 25.18 mg kg~ 49.4% 1
18
Pb 36.86 mg kg™ 2
18 25.01 mg kg™' 14
54.79 mg kg™'. 1
Table 1~ Statistics values of heavy metals contents in surface
_ sediments of investigated areas
Cr 97.80 mg kg™ 18
-1
63.32 mg kg 10 12 35 Cr ek ke gkl
As 7.19 17.29 10.47 21.1
Cd 0.11 0.25 0.19 19.4
Cu 25.18 53.06 37.68 21.9
-1
Zn 98.65 mg kg Ph 25.01 54.79 36.86 17.7
-1
209.93 mg kg 20 Cr 63.32 120.08 97.80 12.4
15 28.00 mg kg_l 7n Zn 28.00 209.93 98.65 49.4
2 /mg kg~!
Table 2 Concentrations of heavy metals in surface sediments of estuaries in the world/mg kg™
2 Cu Pb Zn Cr Cd As
37.68 36.86 98.65 97.80 0.19 10.47
Blackwater 3 24 42 89 48 0.34 -1
Thames 4 61 179 219 59 1.3 15
Ria de Vigo 3 42.44 89.09 158.38 52.58 3.03 37.20
Mersey 6 24 110 532 11 - -
7 39.4 53.3 130.4 86.3 0.20 21.1
Cochin 8 53.15 43 1266 - 14.94 -
Egypt ° 12.20 27 71.9 0.39 - -
Brisbane 10 23.1 58.7 98.3 4.0 0.4 6.9
I 2 5 <63 yum 4
2.2
SPSS14.0 B
Pearson . Fe, 0,
AL O; Fe,0, <63 pm Al, O, 3
Pb ALO; Fe,O; <63 um
Al O, Pb
5
3 <63um !
Table 3 Correlation coefficients between concentration of heavy metals major elements and average grain size of the <63 pm fraction
As Cd Cu Pb Cr 7n Al, O Fe, Oy <63 pm
As 1.00
Cd 0.52"" 1.00
Cu 0.69" " 0.654" " 1.00
Pb 0.42" 0.20 0.60" " 1.00
Cr 0.21 0.24 0.25 0.54" " 1.00
Zn 0.07 0.27 0.19 0.21 0.51"" 1.00
AL O -0.12 0.13 0.24 0.44" " 0.61"" 0.05 1.00
Fe, 05 -0.09 0.09 0.26 0.50""  0.43” 0.02 0.74* % 1.00
<63 pm 0.04 1.00 0.40" 0.44 "~ 0.27 0.04 0.53" " 0.58" "~ 1.00

0.01

*

0.05
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3 28 pi <1
l<p; <3 3<p;i <6 P
3.1 =6
pi=cls; Pi 5 Cd D
¢ Si 1.0
8; 27 Cd As Cd Cr Cu Pb
4 p; Zn Di >1.0
4 /mg kg™!
Table 4 Evaluating standards/mg kg™ Pb 100% P
S S R 1.843 Cu Zn As Cr
o D O 80% 74.3% 57.1% 57.1%.
5 Pi
Table 5 Single factor contamination index of heavy metals at the sampling sites
Pas Pcd Pcu Ppb Pcr Pn
1 0.840 0.32 0.996 1.469 1.076 0.353
5 1.037 0.42 1.268 1.432 1.365 1.547
6 1.387 0.34 1.348 1.884 1.310 1.498
7 1.213 0.38 1.084 1.552 1.256 1.282
8 0.839 0.36 1.137 1.701 1.133 1.949
9 0.974 0.38 1.308 2.362 1.294 0.704
10 1.026 0.42 1.007 2.010 1.382 1.470
12 0.857 0.22 0.915 1.975 1.379 1.641
13 0.849 0.28 0.997 2.011 1.156 0.685
14 1.070 0.28 1.304 2.740 1.313 0.819
15 0.986 0.34 1.151 1.720 1.140 0.350
16 1.158 0.34 1.253 1.763 1.222 1.424
17 1.021 0.44 1.382 1.713 1.084 0.715
18 0.812 0.26 1.127 1.398 0.792 0.522
19 1.139 0.36 1.402 1.800 1.174 0.753
20 1.198 0.48 1.731 2.133 1.162 2.624
21 1.127 0.36 1.094 1.403 0.897 0.972
26 1.729 0.46 1.769 2.322 1.044 0.630
27 1.351 0.44 1.754 2.273 1.448 1.834
28 0.916 0.42 1.465 1.616 1.114 0.548
29 1.508 0.50 1.617 2.171 1.436 1.678
30 1.168 0.50 1.687 2.196 1.411 1.691
31 1.015 0.40 1.576 1.927 1.220 2.031
32 1.322 0.42 1.720 2.251 1.501 1.775
33 0.961 0.26 1.075 1.800 1.209 0.734
34 0.719 0.28 0.973 1.777 1.228 2.244
35 0.743 0.34 0.934 1.849 1.404 2.460
36 0.868 0.30 1.018 1.754 1.245 0.715
37 0.815 0.34 1.109 1.624 1.215 0.710
38 1.022 0.42 1.511 1.961 1.212 0.617
42 0.821 0.48 1.021 1.566 1.192 1.400
43 1.147 0.34 0.839 1.251 1.143 1.003
44 0.976 0.38 0.926 1.420 1.066 1.095
45 1.024 0.46 1.274 1.899 1.290 1.361
46 1.018 0.38 1.186 1.795 1.275 1.331
0.719~1.729 0.26 ~0.50 0.839 ~1.769 1.398 ~2.740 0.792 ~ 1.501 0.350 ~2.624
1.047 0.374 1.256 1.843 1.223 1.233
/% 57.1 0 80.0 100 57.1 74.3
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20 “

? 10
effect range-row ERL 50
effect range-median ERM
“ 50
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no effect range-

hich NERH . 15
NERM
threshold effect level TEL ERM  NERH
probable effect level PEL

REL REM TEL PEL

2
ERL

ERM

ERL

ERL ERM

ERM
ERL ERM 6.
6 ERL ERM /mg kg™'

Table 6 ERL and ERM guideline values for heavy metals/mg kg™ !

As Cd Cu Cr Pb Zn
ERL 8.2 1.2 34 81 46.7 150
ERM 70 9.6 270 370 218 410

7 As Cu Cr3
ERL ~ ERM 3

.Cd Pb Zn3
ERL ERL 3

"%
Table 7 Proportion of samples in different biological effect

ranges out of total number of samples/ %

< ERL ERL ~ ERM > ERM
As 11.4 4/35 88.6 31/35 0
Cd 100 35/35 0 0
Cu 28.6 10/35 71.4 25/35 0
Pb 100 35/35 0 0
Cr 5.7 2/35 94.3 33/35 0
7/n 85.7 30/35 14.3 5/35 0
1 1
2
35 6
ERM
3.3
SPSS14.0 35
8
Ward' s method 3.
35
3 1

18 1 21 43 13 44 33 36 37 15
12 34 35 8 2
14 9 38 19 28 17 42 45 10 5 6 7 16
46 3 20 26
27 29 30 31 32 7

1 As Cr Cu



9 2411
1.0
CASE 0 5 10 15 20 25
Lagzl 1\11‘9“11 w T T T T T 3 6
32 24 ] ERM
29 21 T |
30 22 ——
20 16
31 23 _I 4
26 18 -
16 12
ke g
7 4
5 2
6 3
10 7
45 34 1 M 2004.
42 31
17 13 54-58.
28 20 2 J.
19 15
38 30 2004 17 3 38-40.
9 6 3 Emmerson R H C O’ reilly-Wiese S B Macleod C L. et al. A
14 10
34 26 multivariate assessment of metal distribution in inter-tidal sediments of
35 27 the Blackwater estuary UK J . Marine Pollution Bulletin 1997 34
8 5
8 11 960-968.
33 25 4 Atrill MJ Thomesm R M. Heavy metal concentrations in sediment
i’g 23 from the Thames estuary UK J . Marine Pollution Bulletin 1995
15 11 30 11 742-744.
3: 2? 5 Rubio B Nombela M A Vilas F. Geochemistry of Major and Trace
43 32 Elements in Sediments of the Ria de Vigo NW Spain an
;: 31:; Assessment of Metal Pollution J . Marine Pollution Bulletin 2000
18 14 40 11 968-780.
6 Tumer A. Trace Metal Contamination in Sediments from U. K.
3 Estuaries  An Empirical Evaluation of the Role of Hydrous Iron and
Fig.3  Dendrogram of sediment quality Manganese Oxides J . Estuarine Coastal and Shelf Science 2000
50 355-371.
8 7
Table 8 Total score of contamination factor at sampling sites . 2006 3 27-36.
8 Balachandran K K Lalu-Raj C M Nair M et al. Heavy metal
18 -1.00 16 0 accumulation in a flow restricted tropical estuary J . Estuarine
1 -0.73 35 0 Coastal and Shelf Science 2005 65 361-370.
21 -0.51 46 0.01 9 Osher L J Leclerc L. Wiersma G B et al. Heavy metal
43 -0.51 38 0.11 contamination from historic mining in upland soil and estuarine
13 -0.50 5 0.12 . . .
sediments of Egypt Bay Maine USA ] . Estuarine Coastal and
H -0.47 9 0.12
Shelf Science 2006 70 169-179.
33 -0.46 14 0.14 i ) ]
36 _0.45 10 0.17 10 Mackey A P Hodgkinson M C. Concentrations and spatial
37 _0.43 45 0.25 distribution of trace metals in mangrove sediments from the Brishane
15 _0.42 6 0.28 River Australia J . Environmental Pollution 1995 90 2  181-
12 -0.30 31 0.36 186.
34 -0.30 26 0.65 11 Facchinelli A Sacchi E Mallen L. Multivariate statistical and GIS-
8 -0.17 20 0.81 based approach to identify heavy metal sources in soils J
28 -0.17 30 0.85 Environmental Pollution 2001 114 3 313-324.
42 -0.11 32 0.5 12 Mico C Recatala . Peris M et al. Assessing heavy metal sources
17 -0.08 27 0.94 . . . . -
in agricultural soils of an European Mediterranean area by multivariate
7 -0.05 29 0.99
19 0.05 analysis J . Chemosphere 2006 65 5 863-872.
- 13 Simeonov V. Massart D L Andreev G et al. Assessment of metal
pollution based on multivariate statistical modeling of' hot spot’
P 1.0 As

Cd Cr Cu Pb Zn

Pi

sediments from the Black Sea J . Chemosphere 2000 41 9
1411-1417.



2412 29
14 PCA 26
] 2006 27 1 137-141. J. 2003 23 3
15 . 2003 R . 37-43.
2004. 27
16 . 2004 R . M .
2005. 1986.40-49.
17 . 2005 R . 28  Hakanson L. An ecological risk index for aquatic pollution control a
2006. sediment toxicological approach J . Water Research 1980 14 8
18 975-1001.
J. 2006 15 4 485- 29  Pekey H Karakas D Ayberk S et al. Ecological risk assessment
489. using trace elements from surface sediments of zmit Bay Northeastern
19 Marmara Sea Turkey J . Marine Pollution Bulletin 2004 48 8-
I 2002 21 6  330-333. 9  946-953.
20 J . 30 ChapmanP M Mann G S. Sediment Quality Values SQVs and
1994 13 2 45-51. Ecological Risk Assessment ERA ] . Marine Pollution Bulletin
21 1999 38 5 339-344.
J. 2000 55 6 641-651. 31  Long ER MacDonald D D Smith S L. et al. Incidence of adverse
22 biological effects within ranges of chemical concentrations in marine
J. 1997 28 5 509-515. and estuarine sediments J . Environmental Management 1995 19
23 1 8197.
J. 2005 19 2 96-99. 32 Long ER Field L] MacDonald D D. Predicting toxicity in marine
24 sediments with numerical sediment quality —guidelines ]
J. 2005 24 5 586-589. Environmental Toxicology and Chemistry 1998 17 4  714-728.
25 33 MacDonald D D Carr RS Calder F D et al. Development and
J . 2003 30 6 evaluation of sediment quality guidelines for Florida coastal waters
687-702. J . Ecotoxicology 1996 5 4  253-278.





