
PROGRESS INNATURAL SCIENCE　　　　 　　　　 　　　　　 　　　　　　 　　　　　　　Vol.14 , No.6 , June 2004

＊ Supported by the National Found for Distinguished Young Scholars(Grant No.20225722)andC hinese Academy of S ciences(Grant No.KZCX2-
SW-416)
＊＊ To w hom correspondence should be addressed.E-mail:zhouq@mail.sy.ln.cn

Identification of weed species with hyperaccumulative
characteristics of heavy metals

＊

WEI Shuhe1 ,2 and ZHOU Qixing1 ,2＊＊

(1.Key Laboratory of Terrest rial Ecological Process , Institute of Applied Ecology , Chinese Academy of Sciences , Shenyang 110016 ,
China;2.Graduate School of the Chinese Academy of Sciences , Bei jing 100039 , China)

Received September 3 , 2003;revised November 10 , 2003

　　Abstract　　In order to promote the effect ive and economic remediation of soils contaminated w ith single Cd and C d combined w ith

Pb , Cu andZn , a field-screening study on w eed hyperaccumulators w as carried out on the basis of f ield pot-culture experiments used to de-
t ermine characterist ics of w eed plants enduring and accumulat ing heavy metals.In thi s study , 54 w eed species belonging to 20 fami lies

f rom agricultural f ields of the Shengyang suburbs w ere tested.T he result s show ed that Tara xacum mongolicum , Solanum nigrum and

Conyza canadensis could strongly tolerate single Cd and Cd-Pb-Cu-Zn combined pollution , had high Cd-accumulative abili ty , and generally

possessed basic characteri stics of hyperaccumulators.Because there are synergic and antagonistic effect s among Cd , Pb , Cu andZn , single-

f actor pollut ion test s should be done as w ell as combined pollution tests during the identi fication of hyperaccumulators to ensu re the ef ficien-
cy of phytoremediation and the practical signifi cance of hyperaccumulators identif ied.The field pot-culture experiment should be a new

tentat ive method to screen out accumulative and tolerant species in view of i ts obvious advantages such as simple operation , low cost , and
easy iden tification of invest igated plan ts.

　　Keywords:　contaminated soil , phytoremediation , hyperaccumulative characteristic , weed , heavy metal , cadmium.

　　Since the idea of using hyperaccumulators to ex-
tract heavy metals f rom soils w as suggested by Chaney

in 1983[ 1] , research on phy toremediation of soil con-
taminated by heavy metals has become a hot spot and

one of the most important f rontier fields in environ-
mental sciences

[ 2 ～ 4]
.Phy toremediation is widely re-

garded as a g reat w ish of commercial use due to its
known advantages over physical and chemical remedi-
ation , including relatively low cost , high environmen-
tal aesthetic value , no destruction of remediat ion site

structures , no secondary pollution of g roundw ater ,
and easy acceptance by the public[ 4～ 7] .Although

more than 400 hyperaccumulative species have been

w ell documented in the wo rld , hyperaccumulato rs

w ith intellectual property rights owned by the People' s
Republic of China are still scarce , especially in sys-
tematical identif ication of hyperaccumulators based on

w eed species
[ 3]
.Moreover , most of these ident if ied

hyperaccumulative plants , about 300 species , are Ni

hyperaccumulators.In addition , there are 26 species

hyperaccumulating Co , 24 species hyperaccumulating

Cu , 19 species hyperaccumulating Se , 16 species hy-
peraccumulating Zn and 11 species hyperaccumulating

M n , only 1 species hyperaccumulating Cd[ 7 , 8] .How-
ever , hyperaccumulators that can simultaneously ac-

cumulate mo re than one metal are rarely discovered.
Thus , i t is still basic and vital wo rk to identify hyper-
accumulators w hich can be applied to the high-eff i-
cient remediation of contaminated soils.

Many papers have reported w hy phy toreme-
diation of contaminated soils has no t been applied

w idely.The reason mainly lies in their limitations of

known hyperaccumulators , fo r example , their small

biomass , slow g row th and inconvenience of mechani-
cal manipulation and cultivation in a large area[ 7 ～ 9] .
The prog ress in the applicat ion of gene engineering to

breeding hyperaccumulative plants is also a slow pro-
cess[ 10 ～ 12] .Therefore , i t is necessary to seek and de-
velop mo re ideal and more ef fective hyperaccumu-
lato rs and remediative plant resources so as to provide

requisite materials fo r the industrializat ion of phyto re-
mediation[ 3 , 13] .

China is a country wi th rich plant resources and

biodiversities that w ill be beneficial to the successful

attainment of hyperaccumulato rs[ 14] .In the past ,
weed plants g rowing around farmland were alw ays re-
garded as useless plants.However , this type of plant

can survive under adverse conditions.When soil



moisture and fertility levels can be improved , these

plants can rapidly grow up and produce high biomass ,
thus w iping of f the low-biomass defect of known hy-
peraccumulators.It is show n by published literature

that systematical identification of hyperaccumulato rs

based on weed species has not been involved in previ-
ous studies.Thus we made an at tempt to identify

w eed hyperaccumulato rs that can hyperaccumulate

single Cd and Cd combined w ith Pb , Cu and Zn using

a pot-culture experiment.

1　Materials and methods

1.1　The experimental site and materials

The whole field experiment w as conducted at the

Shenyang Station of Experimental Ecology , Chinese
Academy of Sciences.The geographical location of

the experimental site is 41°31′N and 123°41′E.This
is a temperate zone with semi-moist cont inental cli-
mate.The average annual temperature is 5 ～ 9 ℃,
the coldest and w armest months are January and Ju-
ly , with mean temperature of -14 ℃ and 24 ℃, re-
spectively .The annual precipitation is about 650 ～
700mm , the annual accumulative temperature higher

than 10 ℃is 3100 ～ 3400 ℃, and the to tal annual ra-
diation is 520 ～ 544 kJ/cm2.The number of f rost-f ree
days is 127 ～ 164 in each year.

The tested surface soil(0 ～ 20 cm)was collected

from a field w ithout pollution source of heavy metals ,
which is meadow burozem w ith pH value of 6.5 , or-
ganic mat ter of 1.52%, and cation exchange capacity

(CEC)of 23.7 mol/kg .The background concentra-
tions of heavy metals Cd , Pb , Cu and Zn are 0.15 ,
14.2 , 12.4 , and 39.9 mg/kg dry weight , respec-
tively.

1.2　Treatments of heavy metals

According to the current situation and levels of

soils contaminated by heavy metals in northeast Chi-
na
[ 15 ,16]

, the sing le Cd treatment (T 1)and the joint

Cd , Pb , Cu and Zn treatment (T 2)were designed

and arranged.In the t reatment T1 , the t reated con-
centration of Cd w as 10mg/kg.In the treatment T 2 ,
the concentrations of Cd , Pb , Cu and Zn added to the

tested soil were 10 , 1000 , 400 , and 1000mg/kg , re-
spectively.The concentrations of added Cd , Pb , Cu
and Zn w ere 10 , 2 , 1 and 2 times as many as thei r

corresponding criterion values in the thi rd level of the

National Soil-Environmental Quality Standard of Chi-
na (GB 15618 , 1995), respectively.The forms of

the heavy metals added to the tested soils as solid GR

reagents w ere CdCl2 ·2.5H2O , Pb(CH3COO)2 ·
3H2O , CuSO4·5H2O , and ZnSO4·7H2O , respective-

ly .Meanwhile , the t reatment without ex ternal heavy

metal addition is regarded as the control(CK).

1.3　Po t culture and management

The herbaceous plants of 54 species in 20 fami-
lies w ere selected f rom ag ricultural fields in the sta-
tion in the spring 2002.The tested topsoil samples

were sieved through a 2 mm mesh to remove stones

and plant materials such as roots and leaves , then

mixed w ith reagents containing heavy metals and

filled into plastic pots(C/ =20 cm , H=15 cm), and
equilibrated for tw o weeks.Weed seedling s w ith the

identical g row th phase were t ransplanted into the pots

w ith treatments CK , T 1 , and T2 f rom April 10 to

M ay 25 , 2002.There were 2 ～ 6 seedling s in each

pot according to the g row th size of weed plants.The
number of seedling s in the same treatment w as the

same.Plants in pots were grow ing in natural f ields

w ithout a raining defilade.Loss of w ater by evapo ra-
tion f rom pots w as daily made up using tap w ater (no
Cd , Pb , Cu and Zn detected)to sustain 80% of soil

w ater-holding capaci ty.No fertilizer w as added.All
the t reatments were replicated three t imes in order to

decrease experimental errors.Weed tested plants

g row n in these po ts w ere harvested af ter thei r physi-
cal maturity or w hen the frost started.

1.4　Sample analy ses and data processing

Root , stem , leaf and inf lo rescence samples of

harvested plants were rinsed w ith tap w ater to remove

dirt , then w ashed w ith deionized w ater.After com-
plete leaching of w ater , the samples were dried at

105 ℃for 5 min , then at 70 ℃ in an oven till their

weight did not change any more.Dried plant samples

were digested wi th a solution containing 87%of con-
centrated HNO3 and 13% of concentrated HClO4 and

concentrations of heavy metals in digested solutions

were determined using the atomic absorption spec-
t rophotometer[ 17] .

The average value of three replicates fo r each

treatment and standard deviation(SD)were calculat-
ed using Microsoft EXCEL 97 and significant differ-
ences in heavy metal concentrations and dry weights

betw een the roots and aboveg round parts(the sum of

stem , leaves , and inflorescence)of plants was statis-
tically analy zed using the least significant dif ference
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(LSD)for multiple comparisons.

2　Results

2.1 　Metal-endurance of w eed species and judging

standards of hyperaccumulative plants

When the concentration of a heavy metal in soils

is no t higher than the critical value that affects the

g row th of a plant , the aboveground biomass of a plant

w ill not decrease significant ly even though the con-
centration of the heavy metal in soils is very high.
Once it exceeds the critical value , the grow th of a

plant w ould be adversely inhibited , follow ed by oc-
currence of abno rmal leaf color , reduction in plant

height and decrease in aboveground biomass.Accord-
ing to changes of aboveground biomass of plants

(t reatments T 1 and T2), the tested plants can be

classified into tw o types of weed species:one is strong

tolerant plants w ith an increase in dry w eight of

aboveg round t issues or their aboveg round biomass is

not reduced signif icantly (p <0.05), the other is

w eak tolerant species w ith a significant decrease in

aboveg round biomass
[ 18 , 19]

.

Bioaccumulat ion coefficient (BC)is the ratio of

metal concentration in a plant (mg/kg , dry w eight)
to initial metal concentration in a soil (mg/kg , dry
mass)[ 20] , which denotes metal-accumulation capabil-
ity of a plant.The higher the BC of a plant , the

stronger the metal-accumulation capability of the

plant is , especially in it s aboveg round tissues , thus
promo ting the ef fectiveness of phytoext ract ion , be-
cause aboveg round biomass can be easily harvested

from contaminated land.

To increase the efficiency of phyto remediation ,
concentrations of heavy metals in harvested plant tis-
sues should be higher than those in soils , particularly
under the condition that the concentration of a heavy

metal in soils is lower than the maximum concentra-
tion w hich can be accumulated by plants[ 21] .In this

case , a plant can be regarded as a high metal-accumu-
lative species w hen the average BC value in above-
g round t issues including stems , leaves and inflores-
cences is higher than 1.On the contrary , namely BC

<1 , it is regarded as a low metal-accumulative

species.

On the basis of the endurance of plants and the

BCs of heavy metals in aboveground parts , the inves-
tigated weed species could be classified into three cat-
egories:(1)st rong metal tolerance(aboveground dry

biomass of plants is not decreased significantly)and

high metal accumulat ion(the BC value of heavy met-
als in aboveground tissues is higher than 1);(2)
weak metal tolerance(the grow th of a plant is inhib-
ited by heavy metals and aboveg round dry biomass is

reduced significant ly)but high metal accumulat ion

(the BC value of heavy metals in aboveground t issues

is higher than 1);(3)weak metal tolerance and nor-
mal metal accumulation(the BC value of heavy metals

in aboveg round tissues is low er than 1).

2.2　Plants with st rong Cd-endurance and high Cd-
accumulative ability

As shown in Fig .1 , there w as an obvious change

in aboveg round dry biomass of 14 w eed species w ith

high Cd accumulation under the condition of the

t reatment T 1.Compared with the control (CK),
there w ere only 10 species , including Physalis angu-
lata , Portulaca oleracea , Taraxacum mongolicum ,
Tragopogon dubius , Solanum nigrum , Cepha-
lanoplos segetum , Tephroseris subdentata , Peuceda-
mum terebinthaceum , Conyza canadensis and

Kalimeris integri folia , whose aboveg round dry

biomass w as significant ly (p <0.05)increased.In
particular , the increase in the aboveg round dry

biomass of Taraxacum mongolicum , Portulaca oler-
acea , Tephroseris subdentata , Peucedamum tere-
binthaceum , Conyza canadensis and K alimeris inte-
gri folia was up to 0.16 , 0.27 , 1.34 , 1.59 , 2.35
and 3.43 g in each pot , respectively.Correspond-
ingly , the dry w eight of roots also increased.It seems

that the 6 species possess the function of strong Cd

endurance and detoxificat ion , and can play a stimu-
lating role in the g row th of the plants even under the

high concentration of Cd.The phenomenon w as simi-
lar to the reported response of some hyperaccumu-
lato rs to heavy metal pollution[ 4 , 22 ,23] .

Fig.1.　Aboveground dry biomass of highly C d-accumulative

plants
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Under the condit ion of the Cd-Pb-Cu-Zn com-
bined pollution t reatment (T 2), the aboveg round

biomass (dry weight) of Portulaca oleracea ,
Solanum nigrum and Conyza canadensis decreased

slightly compared w ith the CK , but their difference

w as no t significant according to the analy sis of vari-
ance (LSD).In addition , the aboveground dry

biomass of Taraxacum mongolicum increased signifi-
cantly (p<0.05), denoting strong endurance of the

plant to the combined pollution.In contrast , the

g row th of Physalis angulata , Tragopogon dubius ,
Tephroseris subdentata , Cephalanoplos segetum ,
Peucedamum terebinthaceum and Kalimeris integri-
folia , which had strong single Cd tolerance , was in-
tensively inhibited by the Cd-Pb-Cu-Zn combined pol-
lution.Their aboveg round dry biomass decreased by

74.3%, 48.9%, 81.2%, 28.7%, 57.0% and

34.2%, respectively and the dry w eight in roo t de-
creased corresponding ly.Judging f rom the criteria ,
these plants should belong to weak tolerance of the

Cd-Pb-Cu-Zn combined pollution. This may be

caused by additive and synerg istic effects of the four

heavy metals on the plants
[ 24]

.According to the en-
durance of the tested plants to single and combined

metal pollution , we can conclude that Portulaca oler-
acea , Taraxacum mongolicum , Solanum nigrum

and Conyza canadensis possess high tolerant charac-
teristics of hyperaccumulators[ 6 , 20 ,21] .

The accumulation of heavy metals in plants with

strong metal tolerance is listed in Table 1.The results

showed that the BC value of Cd in aboveg round parts

of Physalis angulata , Portulaca oleracea , Tarax-
acum mongolicum , Tragopogon dubius , Solanum
nigrum , Cephalanoplos segetum , Tephroseris sub-
dentata , Peucedamum terebinthaceum , Conyza

canadensis and Kalimeris integri folia under the con-
di tion of the single cadmium treatment (T 1)was

higher than 1.In other wo rds , these plants should

belong to high Cd-accumulative species.However ,
their BC values were all low er than 1 under the condi-
tion of Cd-Pb-Cu-Zn combined pollut ion (T 2).This
deno ted that there w as the w eak ability of these

plants accumulating Cd , Pb , Cu and Zn simultane-
ously.

Under the condi tion of treatment T 1 , Tarax-
acum mongolicum , Solanum nigrum , Cephalanop-
los segetum , Conyza canadensis and Kalimeris inte-
gri folia had their st rong Cd-accumulative ability.

The concentration of Cd in aboveground tissues of

these plants was respectively up to 32.6 mg/kg ,
31.8mg/kg , 16.3 mg/kg , 18.8 mg/kg and

25.0mg/kg , which w as higher than that in the test-
ed soil.Moreover , the concentration of Cd in above-
ground parts of these plants w as higher than that in

roots , denoting which had the capabili ty of upw ard

t ransferring Cd from roots to aboveground

parts[ 22 ,25] .Thus , these plants can possess basic

characteristics of hyperaccumulators[ 6 , 20 ,21] .In par-
ticular , the BC value of Cd in aboveground parts of

Taraxacum mongolicum and Solanum nigrum was

up to 3.21 and 3.13;in o ther words , the tw o species

can display thei r st rong ext raction abili ty of Cd.
Though the BC value of Cd in aboveground parts of

Physal is angulata , Tragopogon dubius ,
Tephroseris subdentata , Peucedamum tere-
binthaceum was higher than 1 and their Cd-accumu-
lative ability w as st rong , the concentration of Cd in

aboveground parts was lower than that in roots ,
which means that their upw ard transferring ability

f rom roots to aboveground parts is w eak.Thus , the
potential of remedying Cd-contaminated soils by these

plants may be limited for this reason.In this sense ,
the five species do not possess basic characteristics of a

hyperaccumulato r.

The concentration of Cd in Physalis angulata ,
Cephalanoplos segetum and Conyza canadensis under

the condi tion of t reatment T 2 was significantly (p <
0.05)higher than that of t reatment T 1.The concen-
t ration of Cd in roots and aboveg round parts of

Cephalanoplos segetum under the condition of treat-
ment T 1 was 2.4mg/kg and 16.3mg/kg , respective-
ly.However , it w as increased to 4.9 mg/kg and

32.5mg/kg under the condition of t reatment T2.
The increased trend of Cd accumulation by these

plants was very obvious , which is perhaps because in-
creased Pb , Cu and Zn in the soil may promote the

uptake of Cd in the plants.In other w ords , there is

an synergistic ef fect among the heavy metals for the

four species[ 24] .By contrast , the concentration of Cd

in Kalimeris integri folia under the condition of

t reatment T 2 was significantly (p<0.05)low er than

that of treatment T 1 , which means that there is an

antagonistic effect among the heavy metals in this

plant
[ 24]
.Plants w ith st rong Cd-endurance and high

Cd-accumulation may result from active absorption of

Cd by the plant tissues
[ 24 , 26]

.
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Table 1.　Concent ration of Cd in plants with high metal-accumulative characteri stics

S pecies/ Family T a)

Total Cd

(mg·kg -1)
Total Pb

(mg·kg -1)
Total Cu

(mg·kg -1)
Total Zn

(mg·kg-1)

AG b) BCc) Root AG Root AG Root AG Root

Culture

durat ion

(d)
Mature

Physali s CK 0.69 0.14 1.91 0.02 8.87 8.16 42.44 23.28 124 No

angu lata/ T1 12.09 1.19 14.51

S olanaceae T2 27.17 2.67 27.89 51.72 54.55 16.88 43.18 257.80 644.12

Por tu laca CK 　　ndd) 0.23 　　nd 　　nd 6.11 9.88 24.21 54.48 118 Yes

oleracea/ T1 13.99 1.37 92.82

Portulaceae T2 13.28 1.31 91.89 0.03 3.17 12.85 17.44 75.00 107.35

Taraxacum CK 0.22 0.03 1.80 2.06 5.46 10.04 71.12 38.64 70 No

mongolicum/ T1 32.64 3.21 8.04

Composi tae T2 31.79 3.13 7.35 24.21 49.18 22.04 35.28 34.38 62.40

Tragopogon CK 0.11 0.21 2.48 2.98 10.61 14.92 25.94 19.32 92 Yes

dubius/ T1 11.73 1.15 11.94

Composi tae T2 10.98 1.08 11.44 17.91 189.57 56.81 81.42 188.51 389.52

Solan um CK 1.29 0.13 1.16 0.82 6.79 31.05 47.22 103.20 116 Yes

n igrum/ T1 31.80 3.13 27.76

S olanaceae T2 31.61 3.11 27.49 51.72 213.70 11.44 79.80 73.76 380.40

Cephalanoplos CK 0.19 0.07 1.47 0.09 5.54 5.30 28.82 16.99 128 Yes

segetum/ T1 16.30 1.61 2.37

Composi tae T2 32.53 3.20 4.85 32.32 76.51 14.96 38.51 49.34 107.81

Teph roser is CK 0.73 0.21 3.10 1.60 2.62 6.81 13.85 15.11 60 Yes

subdentata/ T1 12.45 1.22 17.75

Composi tae T2 19.06 1.87 23.58 15.13 206.30 12.68 92.33 275.30 240.3

Peucedamum CK 0.15 0.26 4.05 4.87 4.41 7.33 26.11 33.36 70 Yes

t erebinthaceum/ T1 10.85 1.06 14.75

Umbelliderae T2 10.99 1.08 14.33 16.79 135.5 6.38 63.07 178.90 209.20

Conyza CK 0.23 0.01 1.58 0.30 3.29 13.12 22.19 19.44 138 Yes

canadensis/ T1 18.82 1.85 9.04

Composi tae T2 22.68 2.23 18.00 24.87 84.32 15.11 54.52 179.82 96.43

Kalimeris CK 0.26 0.26 　　nd 0.45 3.71 9.75 29.16 14.14 158 Yes

integr ifolia/ T1 25.04 2.46 17.71

Composi tae T2 20.19 1.98 12.78 1.74 65.34 4.18 12.57 30.54 15.65

Artemisia CK 0.24 0.06 3.39 0.22 5.78 5.01 39.09 19.85 131 No

argyi/ T1 17.92 1.76 5.75

Composi tae T2 35.59 3.51 11.46 20.87 36.61 25.62 22.42 510.91 53.05

Znu la CK 0.67 0.21 1.73 0.50 6.48 8.83 34.84 14.32 118 Yes

bri tann ica/ T1 24.26 2.39 11.67

Composi tae T2 40.56 3.99 24.58 34.06 146.50 13.65 101.22 50.40 218.11

Artemigia CK 0.32 0.16 　　nd 　　nd 2.63 5.15 13.43 22.41 151 Yes

selengensis/ T1 20.61 2.03 6.18

Composi tae T2 35.89 3.53 10.76 12.41 37.75 11.44 24.59 46.95 107.74

Cephalanoplos CK 0.18 0.07 8.04 0.88 12.76 12.10 36.24 20.53 142 Yes

setosum/ T1 15.65 1.54 9.52

Composi tae T2 15.22 1.49 8.02 37.16 100.40 13.75 54.98 222.01 216.20

　　Note:a)t reatment;b)aboveground t issues;c)bioaccumulat ion coef ficient of C d in the aboveground parts of a plant;d)not detectable

　　In brief , we can think that Taraxacum mon-
gol icum , Solanum nigrum and Conyza canadensis-
showed possess the basic characteristics of a hyperac-
cumulator in view of their high accumulation of Cd

and thei r strong tolerance of sing le Cd and of Cd-Pb-

Cu-Zn combined pollution.This will be w orthy of

studying further.Unfortunately , these plants could

no t highly accumulate Pb , Cu and Zn , simultaneous-
ly.The flaw w ill limi t the application of these species

to ef fectively remedy soils contaminated with Cd ,
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Pb , Cu and Zn , simultaneously.

2.3 　Weak Cd-tolerance plants with high Cd-accu-
mulative ability

Compared w ith the CK , the aboveg round

biomass (dry w eight) of Artemigia selengensis ,
Znula britannica , Artemigia selengensis and

Cephalanoplos setosum were all decreased significant-
ly (p<0.05)under the condition of ei ther sing le Cd

pollution or Cd-Pb-Cu-Zn combined pollution.The

decrease ranged from 19.1% to 63.0%.Thus , thei r
tolerance may be w eak.In particular , the above-
g round biomass of Polygonum viscosum , Polygonum
bungeanum , Hemistepta lyrata , Polygonum avicu-
lare , Polygonum aviculare , Amaranthus

retrof lexus , Amaranthus liv idus , Prem ium for-
age , Arthraxon hispidus and Sorghum sudancense

decreased more obviously under the condition of t reat-
ment T 2 than that of t reatment T 1.The grow th of

these species w as significantly (p<0.05)inhibited.
It is thus verif ied that these plants canno t tolerate

combined pollution of the heavy metals.

The BC value of Cd in aboveg round parts of

Artemigia selengensis , Znula britannica , Artemi-
gia selengensis and Cephalanoplos setosum was re-
spectively higher than 1 , and the concentration of Cd

in aboveground parts w as respect ively higher than

that in roots , although their aboveg round biomass de-
creased somewhat , which means these species had

high Cd-accumulative ability and strong upw ard

transferring abili ty of Cd from roots to aboveg round

parts , resulting f rom the passive absorption of heavy

metals by these plants[ 24 ,26] .The accumulation of Cd

in aboveground parts of Artemigia selengensis , Znu-
la bri tannica and Artem igia selengensis under the

condition of t reatment T2 was higher than that of

treatment T 1 , which reflected synergic effects among

Cd , Pb , Cu and Zn in the species
[ 24]

.

Though the BC value of Cd in aboveg round parts

of Polygonum aviculare under the Cd-Pb-Cu-Zn
combined pollution(T 2)was higher than 1 , the value
under the condi tion of the single Cd pollution (T1)
was significantly (p<0.05)low er than 1.The phe-
nomena can be ascribed to an increase in accumulation

of Cd in aboveg round parts due to the interaction a-
mong heavy metals.Thus , Polygonum av iculare is

regarded as a low-accumulative species.Moreover ,
Peri lla frutescens , Polygonum hydropiper and

Meli lotus suaveolens should also belong to this cate-

gory of plants with low accumulation.

Furthermore , it w as show n that the BC value of

Pb , Cu and Zn in aboveg round parts of Artem igia se-
lengensis , Znula bri tannica , Artemigia selengensis
and Cephalanoplos setosum was low er than 1 , re-
spectively , that is , simultaneous accumulative ability

of Pb , Cu and Zn w as w eak.Thus , application of the

four species to remediat ion of soils contaminated w ith

single Cd and Cd-Pb-Cu-Zn combined pollution may

be confined , though they belong to high Cd-accumu-
lative species.

2.4　Plants w ith no rmal accumulation of heavy met-
als

There were 40 w eed species(Table 2)w ith low

accumulative ability of Cd , Pb , Cu o r Zn(the above-
ground BC value w as lower than 1 , respectively).
Concentrations of Cd , Pb , Cu or Zn in these species

have not reached their crit ical contents in hyperaccu-
mulators.Thus , it w ould be useless to do further re-
search on these species from the view point of hyperac-
cumulato rs

[ 1 ,20 , 21]
.

Table 2.　Weed species w ith low metal-accumulative ability

Family Species

Com positae

　
S i lphium per foliatum ; Helianthus tuberosus;
Hemistepta lyrata

Umbelliderae Oenanthe javanica

Crperaceae Carex rigescens

Asclepiadaceae Metaplexi s japonica

Onagraceae Plan tago depressa;Plantago asiatica

Leguminosae

　
　

Glycine soja;Glyoyrrhize ura lensi s;Astragalus
adsurgens;Premium forage;Meli lotus suave-
olens

Malvaceae Abu ti lon theophrasti

Cruciferae Lepidium apetalum

Gramineae

　
Echinochloa crusgal li; Lolium perenne;
Arthraxon hispidus;Sorghum sudancense

Labiatae
　
　

Salvia p lebeia;Mentha laploca lyx; Leonurus

heterophyllus;Peri lla f rutescens;E lsholt z ia ci li-
ata

Ranunculaceae Ranuncu lus chinensis

Elinaceae Commel ina comm unis

Polygonaceae

　
　
　

Polygonum roseoviride;R umex dentatus;Poly-
gonum lapathi folium ; Polygonum viscosum ;
Polygonum hydropiper;Polygonum bungeanum ;
Polygonum avicu lare;Polygonum orientale

Moraceae Cannabis sativa

Onagraceae Oenothera bien nis

Rosaceae Potent il la paradoxa

Euphorbiaceae Aca lypha austra lis

Amaranthaceae Amarcm thus retrof lexus;Amaran thus lividus
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3　Discussion

The term “hyperaccumulator” was f irst used by

Brooks and his co-workers in 1977 in order to de-
scribe those plants that can accumulate Ni in thei r

stems more than 1000 mg/kg (dry mass)[ 27] .Al-
though there are o ther definitions , main characteris-
tics of a hyperaccumulator can be summarized as fol-
lows[ 6 , 20 ,21 , 28] :(1)concentrations of heavy metals in

aboveg round parts including stems and leaves are 100

times as many as those in plants w ithout hyperaccu-
mulative ability w hen they g row in the same sub-
st rates , and it w as show n in some literature that the

critical contents of Pb , Cu , Ni , Mn and Co in a hy-
peraccumulator are respectively up to 1000mg/kg dry

mass , and Zn is 10000mg/kg , Au is 1 mg/kg , and
Cd is 100mg/kg;(2)concentrations of heavy metals

in aboveground parts of plants are higher than those

in roo ts;(3)plants wi th high BC values canno t be

injured obviously w hen they are g row ing in soils con-
taining high levels of heavy metals.Of course , ideal
hyperaccumulators should also possess such character-
istics as short g row th time , st rong anti-disease , avail-
able huge harvested biomass , simultaneous hyperac-
cumulation of more than one heavy metal.

That the aboveground biomass of a hyperaccu-
mulato r cannot decrease significant ly w hen g row ing in

a soil contaminated with heavy metals seriously is one

of the most important characteristics of a hyperaccu-
mulato r dist inguishing f rom a no rmal plant.More-
over , it is the prerequisite that a hyperaccumulato r

can w ell g row and develop even though the soil is se-
riously polluted by heavy metals.The possible mecha-
nism of heavy metal hyperaccumulation in a hyperac-
cumulator may result f rom function of vacuolar com-
partmentalization and chelation of some org anic acids

w ith heavy metals , thus reducing the inhibition of

plant g row th by heavy metals[ 29～ 31] .Thus , the

aboveg round dry biomass of a plant cannot decrease

signif icantly when it g row s on a soil containing high

levels of heavy metals.On the contrary , although it

can complete its life cycle w hen g row ing on a polluted

soil , aboveg round biomass of a normal plant of ten de-
creases obviously[ 32] .

The BC value in aboveground parts of a plant is

higher than 1 , which means that the concentration of

a heavy metal in aboveg round parts of a plant is high-
er than that in the contaminated soil.This is another
key property of a hyperaccumulator which can obvi-
ously differ f rom a normal plant.When the concen-

t ration of a heavy metal in soils is higher than its crit-
ical content that a hyperaccumulative plant should

reach , the accumulation of a heavy metal in plants

can generally at tain the crit ical content.Because the

accumulation of a heavy metal by a plant is increasing

w ith an increase in its concentration in soils
[ 9 ,33]

,
once the content of a heavy metal in soils is slightly

low er than the concentration that hyperaccumulator

should accumulate , the concentrat ion accumulated by

plants may not reach the critical value , which is the

same property as a no rmal plant.Thus , the high BC

value in aboveground parts of a plant is also an indis-
pensable characteristic of a hyperaccumulator w hich

can distinguish f rom a normal plant.At least the BC

value should be higher than 1 when the content of a

heavy metal in soils can reach its critical concentrat ion

in hyperaccumulator.

However , the reported hyperaccumulators w ere

almost identified through sample-analyzing method

based on natural plants , and most of them were dis-
covered around mining areas containing high levels of

metals[ 34] .It is difficult to seek relatively clean soil

dist ributed around mining areas.Somet imes , hyper-
accumulators could not exist in relatively clean soils

although w e can find such a clean soil , and contami-
nated soil , simultaneously .Co rrespondingly , it is dif-
ficult to determine whether the aboveground biomass

of a plant g row ing on contaminated soils decreased

obviously due to toxic ef fects of heavy metals.Usual-
ly , the concentration of a heavy metal in soils is high-
er than the critical level that the hyperaccumulator

should accumulate , sometimes even over several

t imes.Thus , the BC value in aboveground biomass of

a plant is of ten lower than 1.

In fact , the tw o problems can be well solved

through the pot-culture method.Compared with CK

w ithout the addi tion of heavy metals , changes in dry

biomass of a plant could be observed.After this ob-
servation , the tolerance of a plant to heavy metals

w ould be estimated.Through the concentration gra-
dient experiment (heavy metals added into pots), a
change in BC value in aboveground biomass of a plant

could be ref lected , and the potential of a plant to

remedy contaminated soils w ith heavy metals could be

also estimated.Thus , the “hyperaccumulators” dis-
covered by the sampling analysis method can be fur-
ther determined.This procedure may be indispens-
able to ensure the high ef fectiveness of phy toreme-
diation.
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In this study , there is a synergism and/or antag-
onism among Cd , Pb , Cu and Zn occurred in some

types of plants , in particular , a synergetic effect oc-
curred in the three types of plants , which may be a u-
niversal mechanism among heavy metals.In this

sense , the hyperaccumulators ident if ied through the

sampling analysis method may be untrue.Undoubt-
edly , it is necessary to validate the identif ied hyperac-
cumulators by the pot-culture experiment.If the sim-
ilar assay can be done befo re the remediation is carried

out using such hyperaccumulators , the effectiveness

of remediation can be high.

The results of this experiment showed that

Taraxacum mongol icum , Solanum nigrum and

Conyza canadensis can accumulate Cd highly.They
possessed the basic properties of hyperaccumulators.
If st reng thening measures such as addit ion of EDTA

o r chemical fertilizers are taken , their potential to

remedy soils contaminated by Cd may be improved.
According to the botanic species of the hyperaccumu-
lators documented[ 33] , we can find that most of these

plants such as Thlaspi caerulescens , Phyl lanthus ser-
pentines , Si lene vulgaris , Lactuca sativa belong to

w eed species or can obviously possess the basic prop-
erties of weed species.We thus believe that there w ill

certainly be breakthrough progresses in the screening

of hyperaccumulators based on w eed species.

Botanic populations grow ing around metal-min-
ing areas are of ten climax populations w hose dominant

species are usually fern , shrubbery or arbor.Some
disappeared indigenous plants wi th hyperaccumulative

function , and pioneer species and middle species in

communi ty-succession processes would be overlooked

when the sampling analy sis method is used to identify

hyperaccumulators f rom various types of plants.
Moreover , identified hyperaccumulato rs may result

from the long-term adaptation of normal plants w ith-
out a hyperaccumulative gene to polluted environ-
ment.Besides , there are some problems in the identi-
f ication of plant species.For instance , a plant species

that has been ident if ied by a botanist is still difficult

for a researcher with other scientif ic backg round to

identify and collect again , thus resulting in an inexac-
titude record.To avoid the problems , the field pot-
culture experiment may be a w orthy attempt to screen

out hyperaccumulators based on w eed species because

i ts advantages include:(1)envi ronmental conditions

for the grow th of pot-cultured plants are close to those

of natural plants;(2)the method is easy to identify

collected plant species , because the long g rowing pro-

cess of tested plants is benef icial to carrying out an in-
tact observation and to taking photos;(3)the pollu-
tion-exposure time of po t-cultured plants w hich are all

selected f rom relatively clean areas is g reat ly shorter

than that of plants which are long-term exposed to a

polluted soils in a mining area , and characteristics of a

plant responding to the contamination of heavy metals

may be originally ow ned by i tself and there are rele-
vant genes with hyperaccumulat ive funct ion , which

may be very useful to seeking and utilizing phyto re-
mediation resources.
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