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Cd.Hg.As 7 Fi ot £ FH & &40 31 h 9.16,
17.08.,47.23,61. 54.,0. 084.,0. 015,9. 51 pg/g;Z1
S A B4 R 16,39, 18,02, 54. 69, 58. 04,
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Table 1 Heavy metal contents of sediments
B AE Cu Pb Zn Cr Cd Hg As
e /ME 1.20 12,20 40.40 51.70 0.06 0.008 7.79

# WORME 22.80 19.80  60.50 81.30 0.12 0.028 11.40
EHE O 9.16 17.08  47.23 61.54 0.084 0.015 9.51

AARRE 0.54  0.086 0.092 0.11 0.202 0.30 0.076

f/ME 1,00 14.80  43.70  47.10 0.051 0.010 7.46
7 RAM  25.00 21.50  68.20 93.60 0.18 0.039 15.90
T 16.39  18.02  54.69 58.04 0.079 0.018 9.05

A% 0.30 0.088  0.110  0.12  0.23  0.32 0.14

oME 8,10 15.00  44.50 40.40 0.059 0.006 8.49
wAM 2140 21.00 60.80 67.10 0.12 0.043 11.70
FYE  13.66  17.96  50.27 55.84 0.082 0.015 10.24

SR 0.22 0 0.068  0.087 0.10  0.16  0.44 0.071

—%EgEL2) 35,00 60.00  150.00 80.00 0.50  0.20 20.00
ZRFRMED2] 100000 130,00 350,00 150.00 1.50  0.50 65,00
FMEsl o 21,96 21,99 60.41  60.00 0.12  0.05 12.64

it 23] 22.00  20.00 64.00 57.00 0.09 0.04 9.00

0. 35, B 23 [H] 73 A5 #1550 VS HUPE /N o

RHTUHH TR EERE . RIEER
B KORX PR Y T R & & 5 H A XCIT AR
SEAED Y b TR L S N Y R B v DT R A AT L
(K 2),0. 75<<K<T1.5 W e, K<0. 75 B}
REALK>15 e 5. SRty AHLT.
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Table 2 Enrichment factor of heavy metal elements

of the sediments in study area

TFF 7T 1X 3§ Cu Pb Zn Cr Cd Hg As
#)2 0.70 1.14 1.18 1.03 1.09 0.99 1.27
iy
.71 1.26 1.20 1.37 0.97 1.02 1.17 1.21
L2t
72 1.05 1.20 1.26 0.93 1.06 1.01 1.37
#£E 0.42 0.78 0.78 1.03 0.70 0.29 0.75
BN
_Z1 0.75 0.82 0.91 0.97 0.66 0.35 0.72
]
72 0.62 0.82 0.83 0.93 0.68 0.30 0.81
FJE 0.42 0.85 0.74 1.08 0.93 0.41 1.06
el
71 0.74 0.90 0.85 1.02 0.88 0.49 1.01
:@rzs

Z2 0.62 0.90 0.79 0.98 0.91 0.42 1.14
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Table 3 Comparison of heavy metal element contents between flooding and drying seasons

Cu Pb Zn Cr Cd Hg As
K5

+ i + i + i + i + Hi F i + Hfi

W R 16 14.5 13 17 49.5 54 60.1 61 0.08 0.087  0.0098 0.013  7.79  9.79

Pl WA 10.2 11 18.6 18.3 48 49 61.4 62 0.092  0.084  0.012  0.016  9.58 11
WIRAW 6.2 9.2 16.8 18  41.2 44  57.2 59 0.066  0.059 0.01 0.014 10.1 10.1
WA 6.3 154 17.5 20.4 51.2 54  73.6 64 0.1 0.11 0.022  0.014 9 9.83

P4 MR 3 9.3 15.6 19.6 44.9 53  66.3 71 0.076  0.099  0.016 0.02 9.41  10.4
WITFAF 5.7 12.3 15.6 19.5 41.5 47  58.6 59 0.064  0.075  0.012  0.016  10.4  13.6
WA 15.2 13.4  16.2 16.8 53.6 54  57.8 64 0.11 0.1 0.015  0.018 9.71 11.2

p7  WimEAF 7.9 8.3 17.8 16.6 46.6 49  66.5 67 0.077  0.096  0.018  0.022  9.04  10.6
WA 8.9 7.2 16.7 17.7 46.5 44  56.7 60 0.078  0.081  0.015 0.017 10.1  10.7

Wl bAF 13.1 14.2  17.3 18.9 52.5 56  64.1 73 0.12 0.085  0.017  0.017  9.21  10.9

Plo WA 1.2 2.8 17.1 17.3 48.7 49  72.4 75 0.096 0.1 0.016  0.018 8.6 9.47
WIFH 4.8 8.05 17.7 18.8 45.2 46 69.5 65 0.089 0.081 0.014 0.016 9.01 12
WA 4015 13,7 16.8 14.2 43.3 47  66.3 19 0. 066 0. 04 0.011 0.014 8.35 9.81

P13 WREA 2.1 7 16.3 17.6 42.9 42 74.9 55 0.071  0.079 0.0082 0.015 9.38 11.1
WIRAE 2.1 11,1 16.4 16.8 40.4 42 55.9 45 0.061  0.071  0.011  0.013  9.64 12.7
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Fig. 2 Distribution patterns of heavy metals and mean grain size in the sediments of study area
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Fig. 3 Distribution patterns of heavy metals, TOC, sediment types and mean grain size in Z1 and Z2
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Table 4 Correlation coefficients of the elements in the surface sediments of study area

Cu Pb Zn Cr cd Hg As @ ey it

Cu 1. 00

Pb 0. 15 1. 00

Zn 0.71 0. 36 1. 00

Cr —0.52 0.18 0.03 1. 00

Cd 0.58 0. 36 0.75 0.09 1. 00

Hg —0.08 0.33 0.18 0.29 0. 06 1. 00

As 0.24 0. 09 0.01 —0.39 —0.06 0. 10 1. 00

ik —0.59 —0.25 —0.87 —0.14 —0.74 —0.03 0.28 1. 00
iR 0. 56 0. 56 0.56 0.17 0.72 0.03 —0.31 —1.00 1. 00
i+ 0. 70 0.24 0.91 —0.06 0.75 0.05 —0.08 —0.90 0. 86 1. 00

x5 Z1mBYTEHXMESH
Table 5 Correlation coefficients between elements in Z1
Cu Pb Zn Cr cd Hg As TOC b kb it

Cu 1.00

Pb 0. 50 1. 00

Zn 0.79 0. 66 1. 00

Cr —0.43 0.14 0.15 1. 00

Cd 0.49 0.51 0. 64 0.11 1. 00

Hg 0. 34 0.45 0.47 0.21 0.51 1. 00

As 0.23 0.15 0. 35 0.16 0.29 0.47 1. 00

TOC 0.70 0. 65 0. 81 0. 10 0.49 0. 37 0.11 1. 00

b —0.43 —0.26 —0.55 —0.14 —0. 36 —0.33 —0. 36 —0.30 1. 00

iR 0. 39 0. 16 0.45 0.07 0.23 0.17 0.32 0. 26 —0.96 1. 00

i+ 0. 37 0.43 0.61 0.27 0. 55 0. 64 0. 33 0. 31 —0.70 0.49 1. 00
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Table 6 Correlation coefficients between elements in Z2
Cu Pb Zn Cr Cd Hg As TOC b ¥y b Eh+
Cu 1. 00
Pb 0. 24 1. 00
Zn 0.62 0.53 1. 00
Cr —0.28 0.51 0.46 1. 00
Cd 0.43 0. 56 0.68 0.42 1. 00
Hg 0.52 0.32 0.62 0. 26 0.45 1. 00
As 0.59 0.31 0.74 0. 26 0.53 0. 54 1. 00
TOC 0.48 0. 54 0. 87 0.55 0. 64 0.57 0.71 1. 00
wh —0.41 —0.47 —0.73 —0.40 —0.52 —0.45 —0.45 —0.69 1. 00
iRl 0.35 0.32 0.56 0.24 0.37 0. 34 0.27 0.49 —0.95 1.00
it 0.41 0.61 0. 83 0.59 0.67 0.51 0.67 0. 87 —0.75 0.52 1. 00
£7 FAADEBRARDESRELET SRS
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Table 7 Single factor pollution index of heavy

metals in the sediments of study area

PR TS . . .
Cu Pb Zn Cr Cd Hg As
Per s
fix/ME 0.055 0.610 0.631 0.907 0.667 0.228 0.866
FJE KM 1.036 0.990 0.945 1.426 1.333 0.778 1.267

SESME 0,416 0.854 0.738 1.080 0.932 0.411 1.

/ME 0,045 0.
Z1  feKfH 1.136 1. .066 1.
SEHIME 0.745 0.901 0.855 1.

740 0.683 0.826 0.567 0.278 0.
642 2.000 1.083 1.
018 0.876 0.489 1.005

He/ME 0.368 0.750 0.695 0.709 0.656 0.175 0.
72 BKMH 0.973 1.050 0.950 1.177 1. 335
SFEH{E 0.621 0.898 0.786 0.980 0.906 0.421 1.

118°53'

37°26'
N

A
37°25 §

37°24' |

37°23' §

37°22" |

3721
B4 RAALHEREILRYA
BEESTRIERIEMNER

Fig. 4 Results of Nemerow comprehensive pollution

index assessment for surface sediments
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DISTRIBUTION PATTERN AND ASSESSMENT OF HEAVY METALS IN
THE SEDIMENTS OF NORTH GUANG-LI RIVER ESTUARY

HUANG Xueyong'?, ZHANG Ge'* , GAO Maosheng’, HOU Guohua®,
LIU Sen?, ZHUANG Haihai**

(1 College of Urban and Environmental Science, Liaoning Normal University, Dalian 116000, China; 2 Key Laboratory of Marine
Environmental Geology, Ministry of Natural Resources, Qingdao Institute of marine geology, CGS, Qingdao 266071, China;

3 College of Environmental Science and Engineering, Qingdao University, Qingdao 266071, China)

Abstract: Based on the data of heavy metals, grain sizes and TOC for 45 surface sediments and 2 core
columns taken from the north tidal flat of the Guang-li River estuary, we studied the distribution pat-
terns and sources of heavy metals in the sediments of the estuary. Environmental quality evaluation is
made with the Nemerow comprehensive index. The results show that the 7 elements of Cu, Pb, Zn,
Cr, Cd, Hg and As, are all lower than the national standard of heavy metal pollution. In the spatial
distribution, a high value anomaly of heavy metals is discovered in a place to certain distance from the
shore, under the influence of coastal residual current. In terms of the source, however, the Cr ele-
ment is clearly injected by the Guang-li River. In the sediments taken from the surface and the Z1 and
72 sinks, grain size has obvious controlling effect over heavy metal distribution. The pollution indices
of Cr and As remain the highest in the study area, while the pollution index of Cu changes greatly.
The distribution of comprehensive pollution index is in a "dumbbell-like" pattern, with a high value
region near the modern Yellow River estuary and another in the Guang-li River estuary. To conclude,
the heavy metal content in the north tidal flat of the Guang-li River estuary has so far not reached the
level of pollution, but the trend of development towards slight pollution is observed.

Key words: Guang-li River estuary; northern tidal flat; sediment; heavy metals; environments assess-

ment



