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1 Pearson (P< 0.05
Tab. 1 Peamson comwelation coefficierts( P < 0. 05) among pollutants
Cu Zn Pb Cd Hg As Al Cr Mn Fe
7n 0.903
Pb 0.736 0. 705
Cd 0.745 0. 749 0. 530
Hg 0.934 0. 912 0. 780 0.763
As -0.393 -0.33 -0.231 -0.187 -0.371
Al -0.433 -0.363 -0.125 - 0.349 - 0.446 0. 697
Cr 0.943 0. 934 0. 714 0.653 0.881 - 0.354 - 0.301
Mn -0.020 -0.072 0.134 -0.332 -0.147 0. 648 0.600  0.073
Fe 0.622 0. 499 0. 842 0.521 0.582 0.077 0.178 0. 596 0.385
LOI 0.745 0. 732 0. 459 0.714 0.675 - 0.354 - 0.481 0.701 - 0.240 0. 398
2 21. 64 —51. 87mg/ kg R 1980
5
Tab.2  Comparison of values of elements of reference sediments , Pb
obtained in the present study wih certified values Gl k Saros izmn"
(%) Boston 2 ,
Cu(mg/ kg) 28.2 28.1 0.36 ’
Pb
Zn(mg/ kg) 60.1 61.5 2.28 cd Pb
Pb(mg/ kg) 23.6 24.0 1.67 , B3 (0. 805mg/
Cd(mg/ kg) 0.034 0.035 2.86 kg) , (0.496mg/ kg) 1989
He (mg/ kg) 0.0169 0.0173 2.31 (0. d6mg/kg) G 1l k (0. Sémg/ kg)
Hg /n
As(mg/ kg) 9.21 9.56 3.66
Al( %) 14.49 14.9 2.75
Cr(mg/ kg) 78.48 79.9 1.78 ) 0. 212mg/ kg,
Mn(mg/ kg) 1111 1063 4.48 1989 1980 1.3 166
1989 1980 3.3 3.7
Fe( %) 3.06 3.07 0.33
Cr
Zn , , ,
C diz , Boston , 1989 3
2 »/n . 1989 10
1989 , 1989 ( ,
Pb 1992) , Cr
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Fig.2 The spatial digribution of heavy metals in Jisozhou Bay suface sediments
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, As EF
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Distribution of enrichment factors (EF) in heavy metals in Jiaozhou Bay surface sediments
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DISTRIBUTION AND ENRICHMENT OF HEAVY METALS
IN SURFACE SEDIMENTS OF JIAOZHOU BAY

LI Yu, YU ZhiMing', CAO X+Hua, SONG XiuXian
(Key Lab of Marine Ecology & Environmentd Sciences, Institute  Oceanology, Chinese A cadany ¢ Sciences,
Qingdao, 206071; Gaduate School, Chinese Academy ¢ Sciences, Bejing, 100039)
"(Key Lab ¢ Marine Ecology & Emvironmental Sciences, Insitute ¢ Oceanology, Chinese Academy ¢ Sciences,
Qingdao, 266071)

Abstract Marine sediments, the sinks for pollutants, are widely recognized as a potential source of pollution,
not only because they are always toxic above a certain level, but also they linger at sea bottom for long period. The
sediments may therefore be indicative of long and mediumterm metal loads. Heavy metals can be natural compe-
nents of sediments. They come from rock outcrops and soils due to their geochemical mobility. They can be also an-
thropogenic, as artificial pollutants coming from industrial or urban discharges. Jiaozhou Bay is a sem+ enclosed bay
in eastemn part of Shandong Peninsula, China, 390 km” and 7 m deep in average, surrounded by Qingdao City with
7 million population. A dozen of small rivers meet in the bay; the largest one is Dagu River, in annual average
runoff of 6. 61 x 10° m’. Most of these rivers have become discharge passages for industrial and household wastes. In
this study, concentrations of heavy metals (Zn, Pb, Cd, Cu, As, Hg, Cr, Al, Fe, and Mn) in surface sediments
of Jiaozhou Bay were determined and the average enrichment factors ( AEFs) were used to assess the metal contam+
nation.

The contents of organic mater in samples in Jiaozhou Bay varied considerably, ranging between 27.72% and
0.89% . High concentration occurred in Haipo River mouth and Loushan River mouth, while low concentration in
outer bay. In inner bay, the levels of organic matter were in median level between 4. 91% —10. 23%. The organic
material in the sediment was positively related with Cu, Zn, Cd, and Hg. As a good binding substrate for these
metals, organic matter can cause change of these metals in the sediments.

Cd, Cr, Cu, Pb, and Hg had a similar distribution pattern with the one in 1989; however, all the mean val
ues were higher in this study. Compared to other bays in China, the contents of Cd, Cr, Cu, Pb, Zn, and Hg were
higher than those in Bohai Bay; the mean value of Pb (35. 17 mg/ kg) was very close to the mean value of Pb (38.9
mg/ kg) in Honghai Bay (near Shanwei of Guangdong), but the Zn content doubled for nearly 100 times in Jiaozhou
Bay. As a whole, these metals distributed mainly in the eastern part of Jiaozhou Bay near river outfalls and the
Qingdao Harbor. Moreover, a clear gradually declining in the concentration was shown from river mouths to outer
sea. Anthropogenic inputs to inner bay were clearly indicated. But for As, there was an exception. High As values
were observed at Dagu River mouth and near  ingdao Harbor, which may have resulted from rus-off from agricultus
al areas using Asrich fertilizers or pesticides, or busy ocean shipping. In total metal concentration, Cu and Cr
showed the closest positive correlation, indicating their similar origin and behavior.

To estima e the possible hazard of heavy metal contamination in the bay, the average enrichment factors, an i
dicator of average wncentration of a given metal, and the background value were calculated. Using the classification
of H/kanson (1980), the metals in this bay can be divided into three groups: 1) negligible to low contamination,
including Zn, Pb, Cr, Mn, and Fe; 2) moderate contamination including Cu and Cd; 3) severe contamination, i
cluding As and Hg.

These findings are supported by the results of principal component analysis (PCA). Three principal compe-
nents were identified taking 86. 48% of the total variance. Factor 1, the general loading of the bottom sediment with
heavy metals, accounted for 52. 61% and characterized by, high levels of Cu,,, Cd and Cr. Therefore, Factor 1 is



6 : 589

closely related to the point sources of metal contamination. Factor 2 accounted for 17. 37% of the total variance. A
high and positive loading occurred for LOI, corresponding closely to the concentration of organic matter in the bottom
sediments, indicated the importance of the organic maiter in banding metal ions in the sediments. The concentra-
tions of elements examined were positively correlated with LOI. Thus, the degradation of organic matter and their
concomitants would release metals and become secondary source of metal pollutant. Factor 3 was characterized by a
high positive contribution of Fe and Mn. Fe and Mn are included in same geochemical matrix with other heavy metal
elements; they could therefore be used as an indicator to heavy metal pollution.

A large amount of untreated land-sourced metatbearing discharges entering the bay without getting sufficient
dilution in the bay or fast transportation to outer sea, have caused the heavy metal accumulation in sediment.

Besides, organic matters are important for the re-distribution and accumulation in the sediments.

Key words Jiaozhou Bay, Sediments, Heavy metal, Distribution, Enrichment



