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Abstract: It has been estimated that more than 20 million hectares of farmland have been contaminated in
China,accounting for 20% of the total in the country. Furthermore,a reduction of more than 10 million
tons of food supplies results from this soil contamination. Techniques currently employed control soil con-
tamination include cover with improted soil,application of lime and chemical washing. However, most of
these are expensive,labour-intensive and can result in further contamination problems or leaching/deposi-
tion of nutrient elements during in situ treatment. Phytoremediation,a technique using plants to remove
contamination from soil and water,has become a topical research field in the last decade as it is safe and po-
tentially cheap compared to traditional remediation techniques. Based on information from the Phytoreme-
diation Bitiliography produced by the US-EPA ,in 1977 there were only 7 reports published relating to phy-
toremediation ,whereas in 1997 ,the total literature of phytoremediation increased to 214.

In 1583, A. Cesalpino,an Italian botanist discovered an unusual plant which grew on soils over ‘black
stone” (ultramafic rocks). This was probably the first ever report of a metal hyperaccumulator plant. It was
later named as Alyssum bertolonii in 1814 by Desvaux and the nickel content of its leaves was reported as
7900 pg/g in 1848 by C. Minguzzi and O. Vergnano. Similar plants.designated ‘indicator plants’.such as
Elsholtzia haichowensis Sun, a copper accumulator, were discovered early in China and employed in
prospecting for copper mineralization. R. R. Brooks.a geochemist from New Zealand first named these spe-
cial accumulator plants ‘hyperaccumulators” in 1977 ,and in 1982 R. Chaney from the USA first suggested
the concept of phytoremediaton using these hyperaccumulators. A hyperaccumulator has been defined by
Baker and Brooks(1989)as a plant that can accumulate cadmium™>>100 pg/g.cobalt,copper ,nickel,lead >

1000 pg/g.manganese and zinc>>10000 pg/g in their shoot dry matter. Furthermore,an operational defini-
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tion was proposed by Baker (1981)that in accumulator plants the metal contents in shoots are invariably
greater than that in rooots.showing a special ability of the plants to absorb and transport metals and store
them in their above-ground parts. To date,more than 400 species of metal hyperaccumulator plants have
been reported in the literature. Among them.315 are nickel hyperaccumulators.24 are copper hyperaccu-
mulators but the numbers of other metal hyperaccumulators for other metals are low and they are restrict-
ed in their distribution in some specific localities in the world.

The hyperaccumulators are mostly discovered in the heavy metal contaminated area such as mining
and smeliting localities. The author of this paper suggests that there may exit some “potential hyperaccu-
mulators” on the earth. More attention should be paid to some plants that growing in some relatively
“low” heavy metal content areas. The plants may not have very high tolerance but may have some extent
degree of accumulation,by culturing the plants and adding some kinds of reagents in their growing media,
they may reveal character of hyperaccumulation.

A systematic survey of plant and soil chemistry in the copper mining areas along the lower-middle
reaches of Yangtze River has revealed a few copper accumulators such as Elsholtzia haichowensis Sun,Com-
melina communis L. and Rumex acetosa L. ;the maximum leaf copper contents are 600,160 and 100 pg/g
(dry matter basis)respectively, for copper contents in the soil around their roots ranging from 5000 to
20000 pg/g. We initiated pioneering research on hyperaccumulators and phytoremediation in China early in
1998. Several surveys were conducted in south China, and through systematic field investigation and
glasshouse studies,we have now identified a hyperaccumulator of arsenic-Pteris vittata 1.. (Chinese brake
fern). This is the first hyperaccumulator discovered in China. Unlike other reported hyperaccumulators,
this plant can reach 2 m in height,with a fresh shoot biomass of up to 36t/km?*. The arsenic content in
shoots can be as high as 5000 pg/g(dry matter),and the ratio of arsenic in leaves,leafstalk and roots is 5.
2:1,which reveals a unique arsenic accumulation capacity.

The mechanisms of metal hyperaccumulation have not been full elucidated, although many studies
have been conducted,especially on the mechanisms of hyperaccumulation of zinc and cadmium by the cru-
cifer, Thlaspi caerulescens. Early reports suggested that some low molecular weight organic acids play an
important role in tolerance and accumulation of heavy metals in plants. However,some recent studies have
not found any clear relationship between them. What can be concluded now is that tolerance and accumula-
tion may be independent characters;tolerance leads to compartmentation of metals in plant cells whereas
accumulation relates to a highly efficient uptake and transport system.

It is important to clarify the patterns of tolerance and accumulation in different hyperaccumulators for
different metals under different environmental conditions,in order to make phytoremediation practical and
cost-effective in field. Nutrition and pot trials have been cionducted,and the results show that hyperaccu-
mulators such as T'hlaspi caerulescens can tolerate abnormally high zinc and cadminum levels,and accumu-
late high contents of metals in their shoots in very short time periods,even from very lower background
metal concentrations in their growth media. The hyperaccumulator plants themselves are the major factor
that determines the capacity of hyperaccumulation. Howerver,results also show that several external fac-
tors,such as pH.nutritional status and metal speciation,may greatly influence the patterns of metal accu-
mulation, which highlights their importance in phytoremediation applications. Field trials of phytoreme-
diation using hyperaccumulators have also been performed and shed light on the wider application and com-
mercialization of this technique in the future. Arsenic is very toxic but an analog of phosphorus.it may dis-
turb the metabolism of plants and cause closure of phosphate uptake channels. The arsenic hyperaccumu-

lator ,Chinese brake fern,has a uniquely high capacity to store arsenic in plant cells,that has not yet been
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elucidated. More research and development work with this plant should therefore be conducted in order to

produce cheap and effective techniques for remediation of arsenic contaminated soils.
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Table 1 The discovered hyperaccumulators up to date

Rumex
Metals
Number of species Number of families
) As 1 1
Cd 1 1
Co 26 12
Cu 24 11
Pb 5 3
Mn 8 5
Ni 277 36
° Zn 18 5
Baker (1996)[15) Revised after Baker (1996)[15]
As 5 000pg/g( ) ) s
3. 6kg.
(ug/g)

Table 2 Some popular hyperaccumulators and the maximum contents of heavy metals in their shoots or leaves

Species

Aeollanthus bi formifolius
De Wild

Haumaniastrum robertti

Armeria martitima var. Balleri

Cardaminossis balleri
Dichapetalum gelonioides
Minuaritia verna
Polycarpaea synandra

Thlaspi brachypetalum
T. caerulescens

T. ochroleucum

T. rotundi folim subsp.
Cepaeifolium

T. caerulescens

T. rotundifolim(L.)
Gaudin subsp. Cepaei folium
Viola calaminaria
Alyssum bertolonii
Bornmuellera tymphacea
Dicoma niccolifera Wild
Sutera fodina Wild

Pteris vittata 1..

Localities

Sabah, Africa

Sabah, Africa

Germany

Germany

Sabah, Africa

Yugoslavia
Australia

France

West central Europe

Greece

/ Austria/Italy

UK

Central Europe

/ Belgium/Germany

Ttaly

Greece
Zimbabwe
Zimbabwe

China

Cu Pb Zn Cd Ni Co Cr As

3920 2 820

2070 10 200
1600

13 600

30 000
11 400
1050 6960

15 300

2740 43 710 2130

1210 4130

§ 200 17 300

864 23 036

8 200

10 000
13 400
31 200
1500
2 400
5000

Baker and Brooks (1989)[26

» Reevs et al(1995)145]

Revised after Baker and Brooks(1989)126), Reevs er al(1995)1451,
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Table 3 Ni hyperaccumulators and their distribution in the world

(ng/g)
Genus Numbf}r of Mainly distribution area Ra.nge of heavy metal content
species in plant shoots or leaves
( )\ .
Alyssum 48 1280 ~ 29 400

Anatolia(Turkey), Cyprus, Italy

Thiaspi 33 Cem;al Eu;ope, Greece, USA 2 000 ~ 31 000
Xylosma 11 < .< ) 1 000 ~ 3 750

New Caledonia (Oceania)
Phyllanthus 10 New Caledonia 1180 ~ 38 100
Geissois 7 New Caledonia 1 000 ~ 34 000
Homalium 7 New Caledonia 1157 ~ 14 500
Bornmuellera 6 Greec‘e, Anatolia ,‘ Albania 12000 ~ 31 200
Hybanthus o Australia: New Caledonia 8 000 ~ 25500
31 38 1 000 ~ 47 500

New Caledonia, Central Europe, USA

Baker (1989)[26) . After Baker(1989)[267,
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