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neseA cadeny o Sciences, B eijing 100101, China)
Abstract: It has been estimated that more than 20 million hectares of fam land have been contam inated in
China, acoounting for 20% of the total in the country. Furthemore, a reduction of more than 10 million
tonsof food supplies results from this il contamination T echniques currently enployed control il con-
tam ination include cover with mproted il, gpplication of Ime and chemical w ashing How ever, most of
these are expensive, labour-intensive and can result in further contam ination problem sor leaching/deposi-
tion of nutrient elanents during in situ treatment Phytoremediation, a technique using plants to remove
contamination from il andw ater, has become a topical research field in the last decade as it is safe and po-
tentially chegp compared to traditional remediation techniques Based on information from the Phytorene-
diation Bitiliography produced by theU S-EPA , in 1977 therew ereonly 7 reportspublished relating to phy-
toremediation,w hereas in 1997, the total literature of phytoremediation increased to 214

In 1583,A. Cesalpino, an Italian botanist discovered an unusual plant w hich grev on soilsover® black
stone’ (ultramafic rocks). Thisw asprobably the first ever report of ametal hyperaccumulator plant Itw as
later named asA lyssum bertolonii in 1814 by Desvaux and the nickel content of its leavesw as reported as
7900 pg/g in 1848 by C. M inguzzi and O. V ergnana Simiilar plants, designated’ indicator plants’, such as
Elsholtzia haichow ensis Sun, a copper accumulator, were discovered early in China and enployed in
prospecting for copper mineralization R. R. Brooks, a geochemist from N ev Zealand first named these e
cial accunulator plants hyperaccunulators in 1977, and in 1982 R. Chaney from theU SA first suggested
the concept of phytoramediaton using these hyperaccumulators A hyperaccunulator has been defined by
Baker and B rooks(1989) as a plant that can accumulate cadmiun> 100 ng/g, cobalt, copper, nickel, lead>
1000 pg/g,manganese and zinc> 10000 ug/g in their shoot dry matter. Furthemore, an operational defini-
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tion w as proposed by Baker (1981) that in accunulator plants the metal contents in shoots are invariably
greater than that in rooots, show ing a gecial ability of theplants to absorb and trangort metals and store
then in their above-ground parts To date,more than 400 pecies of metal hyperaccumulator plants have
been reported in the literature Among them, 315 are nickel hyperaccumulators, 24 are copper hyperaccu-
mulators but the numbersof other metal hyperaccumulatorsfor other metals are low and they are restrict-
ed in their distribution in some secific localities in theworld

The hyperaccumulators are mostly discovered in the heavy metal contaninated area such asm ining
and sneliting localities The author of this paper suggests that theremay exit some* potential hyperaccu-
mulators” on the earth M ore attention should be paid to some plants that grow ing in some relatively
“ low” heavy metal content areas The plantsmay not have very high tolerance but may have some extent
degree of accumulation, by culturing the plants and adding some kindsof reagents in their grow ing media,
they may reveal character of hyperaccumulation

A systamatic survey of plant and il chemistry in the copper mining areas along the low ermiddle
reachesof Y angtze River has revealed a fev copper accumulators such as E Isholtzia haichav ensis Sun, Can -
melina canmunisL. and Rumex acetosa L. ; themaximum leaf copper contents are 600, 160 and 100 ug/g
(dry matter basis) repectively, for copper contents in the il around their roots ranging from 5000 to
20000 ug/g W e initiated pioneering research on hyperaccumulators and phytorem ediation in China early in
1998 Several surveys were conducted in south China, and through systematic field investigation and
glasshouse studies,w e have now identified a hyperaccumulator of arsenic-P teris vittata L. (Chinese brake
fern). This is the first hyperaccumulator discovered in China U nlike other reported hyperaccumulators,
thisplant can reach 2m in height,w ith a fresh shoot biomass of up to 36t/km? The arsenic content in
shoots can be as high as 5000 ug/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 mechanisn s of metal hyperaccumulation have not been full elucidated, although many studies
have been conducted, epecially on them echanisn sof hyperaccunulation of zinc and cadmium by the cru-
cifer, Thlagpi caerulescens Early reports suggested that some low molecular w eight organic acids play an
mportant role in tolerance and accumulation of heavy metals in plants How ever, some recent studies have
not found any clear relationship betw een them. W hat can be concluded now is that tolerance and accumula
tion may be independent characters tolerance leads to compartmentation of metals in plant cellsw hereas
accumulation relates to a highly efficient uptake and trangort system.

It is mportant to clarify the patternsof tolerance and accumulation in different hyperaccumulatorsfor
different metals under different envirormental conditions, in order to make phytoreanediation practical and
ocost-effective in field N utrition and pot trials have been cionducted, and the results show that hyperaccu-
mulators such as Thlagi caerulescens can tolerate abnomally high zinc and cadm inum levels, and accumu-
late high contentsof metals in their shoots in very short time periods, even from very low er background
metal concentrations in their grow th media The hyperaccumulator plants then selves are the major factor
that detemn ines the cgpacity of hyperaccumulation How erver, results al®o show that several external fac-
tors, such aspH, nutritional status and metal geciation,may greatly influence the patternsof metal accu-
mulation, w hich highlights their mportance in phytoremediation gpplications Field trials of phytorene-
diation using hyperaccumulators have al been performed and shed light on thew ider application and com-
mercialization of this technique in the future A rsenic is very toxic but an analog of phophorus, itmay dis-
turb themetabolisn of plants and cause closure of phoghate uptake channels The arsenic hyperaccum u-

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 M ore research and developmentwork w ith thisplant should therefore be conducted in order to

produce chegp and effective technigues for ram ediation of arsenic contan inated ils

Key words hyperaccumulators phytoremediation; heavy metal contam inated il
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E Isholtzia haichav ensis Sun ( Table1l The discovered hyperaccumulator s up to date
) Canmelina canmunis L inn ( )  Rumex
. M etals
acetosa L inn ( ) ) N umber of ecies Number of fanilies
( ) As 1 1
596 157  102ug/g cd 1 1
Co 26 12
5000 20 000ug/g, cu o4 1
Pb 5 3
, M n 8 5
Ni 277 36
Zn 18 5
1999 Baker (1996) [%°] Revised after Baker (1996) [15]
, As , As 5 000ug/g ( , ) ,
, 3. 6kg,
2 (h9/Q)

Table 2 Some popular hyperaccumulator sand themaximum contents of heavy metals in their shootsor leaves

Species L ocalities Cu Pb Zn Cd Ni Co Cr As
A eollapthus bif om if olius Sabah, A frica 3920 2820
DeW ild
H aumaniastrum robertti Sabah, A frica 2070 10 200
A meriamartitima var. Balleri Gemany 1600
Cardam inossis balleri Gemany 13 600
D ichapetalum gelonioides Sabah, A frica 30 000
M inuaritia verna Y ugoslavia 11 400
Polycarpaea synandra A ustralia 1050 6960
Thlagpi brachypetalum France 15 300
T. caerulescens W est central Europe 2740 43710 2130
T. ochroleucum Greece 1210 4130
T. rotundif olim subsp. .
Cepaet olium / A ustria/Italy 8200 17 300
T. caerulescens UK 864 23 036 258
T. rotundif olim (L. )
Gaudin subgp  Cepaeif olium Central Burope 8200
Viola calaminaria / Belgium/Gemany 10 000
A lyssum bertolonii Italy 13 400
B orrmuellera tymphacea Greece 31 200
D icana niccolif eraW ild Zimbabw e 1500
Sutera fodinaW ild Zmbabw e 2 400
Pterisvittatal. China 5 000
Baker and B rooks(1989) (%], Reevset al(1995) (] Revised after Baker and B rooks(1989) [?%), Reevs et al (1995) [4°1
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Table 3 Ni hyperaccumulator sand their distr ibution in the world
(g/g)
Genus N u*nb(_er of M ainly distribution area Ra‘_“ge of heavy metal content
fecies in plant shootsor leaves
Aly 48 A natolia(Turkey), Cyprus, Italy 1280 29400
Thiapi 3 Central Europe, Greece, U SA 2000 31000
( )
Xylosna 1 N ev Caledonia (O ceania) 1000 3750
Phy llanthus 10 New Caledonia 1180 38 100
Geissois 7 Nav Caledonia 1000 34000
H analium 7 Nav Caledonia 1157 14 500
B ornmuellera 6 Greece, A natolia, A Ibania 12000 31200
Hybanthus 5 A ustralia, N ev Caledonia 3000 25500
31 38 N eav Caledonia, Central Europe, U SA 1000 47500
Baker (1989) [26] A fter Baker (1989) [%6]
4
, : (
) : :
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