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Fig.1. Distribution diagram of sample locations.
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Table 1. Total and bicavailabe concentrations of heavy metals in soils in Hainan Island (mg/kg)

_ jo) 2 EYEREER(B) EREN
L K B/T
min ave max min ave max total bioav
Zn 6.01 56 208.6 0.18 0.7 2.95 0.712 1.26 671.7 0.84 2.38
Pb 5.10 39.8 153.6 0.21 3.1 18.9 0.802 7.7 23.6 0.72 1.02
Cu 10.8 32.1 9.1 0.036 0.37 2.11 0.834 1.13 20 0.42 1.86
Cd 0.01 0.15 0.4 <0.001 0.007 0.034 0.223 4.72 0.074 0.79 1.79

E:BTHEVARSSRERRTHAHNE S R ABBSEYARS TR AN Pearson X FEH(5% BEEKT) ;ave. max.
min 5y SIF R PHE BAE BME;Ch LB LB R T HED.
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Fig.2. Relations of Zn concentrations in soils.
with their available fractions,
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Fig.3. Relations of Pb concentrations in soils with
their available fractions.
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Table 2. Heavy metals in sauropus and their biological enrichment coefficients

" * t
ﬁE . . .

ave max mn T ave max mn r ave max min r

In 11.7 23 6.5 0.21 7.8 12.7 5.0 0.14 22 37 13 0.39
Cu 5.2 3.2 3.3 0.16 3.4 4.1 2.8 0.10 4.7 7.48 3.28 0.15
Pb 4.6 7.56 2.48 0.11 5.3 8.0 35 0.13 7.6 12 5.8 0.19
Cd 0.10 0.19 0.04 0.67 0.045 0.09 0.03 0.30 0.07 0.11 0.04 0.49

& RFESRNERRYE VAN FABLES R AR LRV ESRABNTHEZ I, ave.mavomin HHRREHE B,

B/ME .

ARHUMESRERNFREANNITESR
T EREMFRARBAOR . EHER
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TLE AR & A3 MR B 5 £ P X
ERTEREZE HYNESRERAKTH
FRMELE - BYRRFPEERTEIENES

B EE2REEREK/I—MBF CA>Zn>Cu>
P, EEATRHYMIRHEANURHESLR
BEABE,TUBBUTER M FRTFEHR
WRE, EYERRESHN r(C) =0.67,
r(Zn) =0.21,r(Cu) =0.16 1 r(Pb) =0.11, B Cd
>Zn> Cu>Pb, 5HI A 4548 8 ; XF 25 :0 vt o 3,
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BERABWMAEEN, K/DKKRE Cd>Zn>Pb>
Cuo Cd ZEMFEMMR . ZE HPHERREDH
£ 0.67.0.30.0.49, 1. Zn . Cu . Pb AN ER R
BB R, X RN Cd ERFRE AT BRE U
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®3 RAXFEABMNESHSRSTIRTESRNEREBNE SR BN Pearson HX REY
Table 3. The Pearson coefficients of heavy metal concentrations in soils and in different parts of sauropu

Zn Cu Pb Cd
FHREAR 2R EREER OB BEUEER 58y ARESR 28
BHREEK=45) 0.451 0.135 0.002 0.116 0.157 0.225* 0.413"* 0.233
ZXBRHE=45) 0.114 0.127 0.218 0.149* 0.026 0.284" 0.679" 20.617" "
o (M =45) 0.726* 0.241* 0.626" 0.084 0.774"* 0.253 0.512 0.411
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4 /N %
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[1] Allen H E. Standards for metals should not be based on total concentrations [J]. SETAC Europe News, 1997, (8): 7~9.

[2] Tokalioglu S, Kartal S, Elci L. Determination of heavy metals and their speciation in lake sediments by flame atomic absorption spectrometry after a
four-stage sequential extraction procedure [J]. Anal Chim Ada, 2000, 413: 33~ 40,

[3] Benson W H, Alberts J J, Allen HE, Hunt C D, Newman M C. Synopsis of discussion session onthe bioavailability of inorganic contaminants [A].
Hamelink J L, Landrum P F, Bergman H L, Benson W H. Physical, Chemical, and Bioavailability Interactions [M]. Boca Rton: Lewis Publish-

ers, 1994, 63.


http://www.cqvip.com

D000 http://iwww.cqvip.com|

244 ¥ ¥ # 2004 4

[4] Tarvainen T, Kallio E. Baselines of certain bioavailable and total heavy metal concentrations in finland [J]. Applied Geochemisrty, 2002, 17; 975 ~
980.

[5] Tessier A, Campbell P R C, Bisson M. Sequential extraction procedures for the speciation of particulate trace metals [J]. Analytics! Chemistry,
1979,51.844 ~ 851.

(6 Shuman L M. Chemical forms of micronutrients in soils [A]. Mortvedt J J, Cox F R, Shuman L M, Welch R M. Micronutrients in Agriculture [M].

2nd Edition. Madison; Soil Science Society of America, 191,113 ~114.

[7] LeClaire J P, Chang A C, Levesque C S, Sposito G. Correlations between zinc uptake and extracted soil zinc fractions [J]. Soil Science Society of
America Journal, 1984, 48: 509 - 513.

[8] Shan X Q, Chen B. Evaluation of sequential extraction for speciation of trace metals in model soil containing natural minerals and humic acid [J].
Analytical Chemisiry, 1993, 65; 802 ~ 807.

[9] Allen HE, Chen Y T, Huang Y P. Soil partition coefficients for Cd by column desorption and comparision to batch adsorption measurements [J].
Environmental Science and Techology, 1995, 29: 1887 ~ 1891,

[10] Beckett P H T. The use of extractants in studies on trace metals in soils, sewage sludge, and sludge-treated soils [J]. Advances in Soil Science,
1989, 9: 143~ 176,

(111 Quevauviller Ph, Lachica M, Barahona E, Gomez A, Rauret G, Ure A,Muntau H. Certified reference material for the quality control of EDTA-
and DTPA-extractable trace metal contents in calcareous soil (CRM 600) [J]. Fresenius J Anal Chem,1998,360; 505 ~ 511.

[12] Sillanpaa M, Jansson H. Status of cadmium, lead, cobalt and selenium in soils and plants of thirty countries [Z]. Fao Soils Bull,1992,No 65.

(13] SMERK,HBE . PELBFEERAEMR[I]. FHEBE, 1991,12(4): 12~-19

[14] Hakanson L. An ecological risk index for aquatic pollution control-A sedimentological approach [J]. Water Reseach, 1980, 14; 975 ~ 1000,

[15] Sims JT, Kline J S. Chemical fractionation and plant uptake of heavy metals in soils amended with co-composed sewage sludge [J]. Jounal of En-
vironmental Quality, 1991, 20; 387 - 395,

RESEARCH ON HTE TOTAL BIOAVAILABLE CONCENTRATIONS AND
BIOABAILABILITY OF Zn, Pb, Cu and Cd IN SOILS IN HAINAN PROBINCE

ZHU Wei-huang'?, YANG Yuan-gen',BI Hua® , LIU Qiang’

(1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China;
2. Graduate School, Chinese Academy of Sciences, Beijing 100039, China;
3. College of Resowrces and Ensironnent, Hainan Normal University, Haikou 571158, China)

Abstract: Total concentrations and biocavailability of Zn, Pb, Cu and Cd were measured for 63 soil samples from Hainan
Province, and the total concentrations were also measured of 45 plant samples segmented into stem, leaf and root. The
study covers the whole province. The experiment results showed that the total concentrations of Pb, Cd and Cu exceed the
corresponding statistical data of the whole country, but in contrary to Zn. The bioavailable concentrations are usually below
10% of the total concentrations, with the maximum up to 7.71% for Pb, while Cu has the lowest percentage, 1.13%,
which shows obvious variability. There exist significantly negative correlations between the total heavy metal concentrations
of soil samples and those of samples. On the contrary, the significantly positive correlations were found between the total
heavy metal concentrations of plant samples and the bioavailable metal concentrations of soil samples, the correlations are
more positive between the above data for leaves and soils. The Pearson correlation coefficients between the bicavailable
metal concentrations of soil samples and the total concentrations of plant samples are as follows: Cu (0.626),
Pb (0.774), Zn (0.726) and Cd (0.512). This indicates it is necessary to study the bioavailability and total heavy metal
concentrations of soils, and also to make a correlative analysis between the heavy metal concentrations of soil samples and
those of plant samples to assess bioavailability and environmental effects of the heavy metals in soils.

Key words: heavy metal; soil; plant; bioavailability; environmental effect
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