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ABSTRACT

Phytoextraction, one type of phytoremediation processes, has been widely used in the removal of heavy metals from
polluted soil. This paper reviewed literature on metal uptake by plants and characterized the metal uptake by types of
metals (Zn, Cu, Pb, Cd, and As), plant species, initial metal concentrations in soil and the distribution of metals in different
parts of plants. The potential of metal accumulation and transport by plants was closely related to plants species, types of
metals, and initial metal concentrations in soil. The plants belonging to Brassicaceae, Solanaceae, Poaceae, and
Convolvulaceae families have shown the high potential capacity of Cd accumulation. The Gentianaceae, Euphorbiaceae,
and Polygonaceae families have exhibited relatively high Pb uptake potential while the Preridaceae and Cyperaceae
families have shown relatively high Zn uptake potential. The Pferidaceae family could uptake a remarkably high amount
of As compared with other plant families. The potential metal accumulation per plant biomass has increased with
increasing initial metal concentration in soil up to a certain level and then decreased for Cd and Zn. For As, only Preris
viftata had a linear relationship between initial concentration in soil and potential of metal uptake. However, a meaningful
relationship for Pb was not found in this study. Generally, the plants having high metal uptake potential for Cd or Pb
mainly accumulated the metal in their roots. However, the Euphorbiaceae family has accumulated more than 80% of Pb
in shoot. Zn has evenly accumulated in roots and stems except for the plants belonging to the Polygonaceae and Rosaceae
families which accumulated Zn in their leaves. The Pteridaceae family has accumulated a higher amount of As in leaves
than roots. The types of metals, plant species, and initial metal concentration in soil influence the metal uptake by plants. It
is important to select site-specific plant species for effective removal of metals in soil. Therefore, this study may provide
useful and beneficial information on metal accumulation by plants for the in situ phytoremediation.
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et al., 2002; Boularbah et al., 2006).

TEEOE 09E EUS Asle WeE IA &
2] - 318k A 2 AESHE A 5ol ok B
& AE 3, 1838 - K¥E Y, TE0] 3, e
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o] ol £, 23 29 E4do] ¥AE & Itk @yol
AcHKumino et al, 2001; T2F 2, 2006). Wekx, H
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Table 1. The literatures reviewed on heavy metal uptake by plants in this study

Family Metals References

Alliaceas Cd, Pb, As, Zn Cao et al., 2004; Cui et al., 2004; Mingorance et al., 2007; Liu et al., 2008

Amaranthaceae  Cd, Pb, As, Zn Rio et al.,, 2002; Cui et al., 2004; Clemente et al., 2005; Mingorance et al., 2007; Chehregani et
al.,2009

Apiaceae As, Zn Rio et al., 2002; Cao et al., 2004; Cui et al., 2004

Apocynaceae Pb, Zn Mingorance et al., 2007

Araceae Pb, As, Zn Cao et al., 2004; Liu et al., 2008
Rio et al., 2002; Mattinal et al., 2003; Cao et al., 2004; Cui et al., 2004; Clemente et al., 2005; Bou-

Asteraceae Cd, Pb, As, Zn larbah et al., 2006; Yoon et al., 2006; Mingorance et al., 2007; Liu et al., 2008; Chehregani et al.,
2009

Boraginaceae Cd, Pb, Zn Boularbah et al., 2006; Chehregani et al., 2009
Shallari et al., 1998; Yadav et al., 1998; Rio et al., 2002; Cao et al., 2004; Cui et al., 2004; Clemente

Brassicaceae Cd, Pb, As, Zn etal., 2005; Hammer et al., 2006; Wei et al., 2006; Mingorance et al., 2007; Ghosh and Singh et al.,
2005; Boularbah et al., 2006; Mingorance et al., 2007; Sasmaz et al., 2008; Chehregani et al.,2009

Chenopodiaceae  Cd, Pb, Zn Boularbah et al., 2006; Chehregani et al.,2009

Convolvulaceae  Cd, Pb, As, Zn 2R(1)((;5e;t ii};iZ(;i)Z;lfzaz()Ogg ?11(4?:1)23;3322 Ztta; ’2(;(())4(1),7 Clemente et al., 2005; Ghosh and Singh et al.,

Crassulaceae Cd, Pb, As, Zn Cao et al., 2004; Cui et al.,, 2004; Mingorance et al., 2007

Cucurbitaceae Cd, Pb, As, Zn Mattinal et al., 2003; Cui et al., 2004; Wei et al., 2006, Mingorance et al., 2007

Cyperaceae Cd, Pb, As, Zn Stoltz et al., 2002; Cao et al., 2004; Yoon et al., 2006

Elaeagnaceae Cd, Pb, Zn Stoltz et al., 2002; Chehregani et al., 2009

Euphorbiaceae Cd, Pb, As, Zn Yadav et al., 1998; Rio et al., 2002; Cao et al., 2004; Liu et al., 2008; Chehregani et al.,2009
Rio et al., 2002; Cui et al., 2004; Wei et al., 2006; Yoon et al., 2006; Mingorance et al., 2007; Liu et

Fabaceae Cd, Po, As, Zn 1 " 2008; Chehregani et al,2009 :

Gentianaceae Pb, Zn Yoon et al., 2006

Jussiaea As Cao et al., 2004

Lamiaceae Cd, As, Zn Cao et al.,, 2004; Boularbah et al., 2006; Chehregani et al.,2009

Mackinlayaceae  As Rio et al,, 2002; Cao et al,, 2004

Malvaceae Cd, Pb, As, Zn Rio et al,, 2002; Clemente et al., 2005

Plantaginaceae Cd, Pb, Zn Rio et al., 2002; Boularbah et al., 2006; Yoon et al., 2006

Poaceas Cd. Pb. As. Zn Rio et al., 2002; Stoltz et al., 2002; Cao et al., 2004; Ghosh and Sir.lgh et al., 2005; Boularbah etal,

o 2006; Yoon et al., 2006; Mingorance et al., 2007; Chehregani et al.,2009; Li et al., 2009

Polygonaceae Pb, As, Zn Cao et al., 2004; Liu et al, 2008; Chehregani et al.,2009

Primulaceae Cd, Pb, As, Zn Rio et al., 2002

Pteridaceae Pb, As, Zn Cao et al., 2004; Wei et al,, 2006; Liu et al.,, 2008

Rosaceae Cd, Pb, Zn Yoon et al., 2006; Chehregani et al.,2009

Salicaceae Cd, Pb, As, Zn Stoltz et al., 2002

Scrophulariaceae Cd, Pb, Zn Boularbah et al., 2006; Liu et al., 2008

Solanaceae Cd, Pb, As, Zn ' Rio et al,, 2002; Mattinal et al., 2003; Cao et al., 2004; Clemente et al., 2005; Wei et al., 2006

Tropaeolaceae Cd, Pb, Zn Cui et al., 2004; Mingorance et al., 2007

Verbenaceae Pb, As, Zn Cao et al., 2004; Yoon et al., 2006

Zingiberaceae Cd, Pb, Zn Cui et al.,, 2004; Rio et al., 2002

HAtKFig. 1(a)). &S Ao, BT 1396.5(+34.7)
mgkg® 2 Gentianaceae(F 23 pl S|F3H= 2150 Al
Aoz 7B w8 9 4 A=E HAHFig 1(b). 2
-0 2= Euphorbiaceae(N=3}) o] 806.3(x 1070.7)
mgkgl® F& £ 5L HPYOW, Polygonaceae(®t]

E3}, 648.8+797.78 mgkg) T= YIwH T2 F 3
FS B Iy olgt AEES FES 54 S
QoA Fe FTFAHA kS eI FI=ET vl
o, e & 55 58 7R HEER Jl=ERn w8
TEY g A FHE F e AoE Yt o
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Fig. 1. The metal uptake by different family group of plants: (a) Cd, (b) Pb, (¢) Zn and (d) As (The error bar in figure means the standard

deviation).
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& HisAE 1 F UM B8 FRY olde &4
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2EE 1000 mgkg o3 olds 4 4= I 9]
Qo= Cyperaceae®tZ2Hyt Bt 738.4( 633.40) mg/
kg, RosaceaeCIPEye 738.0(x 247.1) mg/ke, Gentianaceae
EHFhHE= 721.5(+ 74.2) mg/kg, Polygonaceae(PFE1E3}),
638.5(x 511.0) mg/kg AE o}AL A=A Ulo &3k
Aoz A $, nla O FFEFET 50|
& Uk Preridaceae(TAEF Y &8l AEZ0] UE
215 Foll vl 93] =2 vk &4 58 RN Fig,
1(@). o= 719 HlA 0 EY dis] AEAsTH
O Pteris cretica, Pteris vittata 53 2+ AR
&3 HEEC| T2 Hol oJ8Fd] dA7Eo] 23 Y=
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Atz AT Ma et al, 2001; Chen et al, 2002;
Wei and Chen, 2006). 39, Fig. 194 & & $I%ol,
2L AE oM FEE9] 8 A=t Aol v A
£ A, F(family) EFETH o FL H9 &k T
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2 2L AF oM Vel FE5 $4%Y S
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X MZ TS @, AF 874, @ AR zje]2RE
71908 ¥53uxjale A @) 3 92, Brassicaceae
ARkl SlFShe Brassica juncea F& & HE
TOoE U AL, UE AYERI gEEdely v
o] Fojz} o]RA)A] kEAlEE EY U] fA1RE 2]
7tEeg o s AEAYW N=F w27t HA
0.01 mg/kg €l i 174.8 mgkesOE ThkabA VERt
THCui et al, 2004, Ghosh and Singh, 2005). vFx=}
o=, Ago] A8l B B4 we) AEAL S
7% F4 Are 9% WA FHBrun et al, 1998).
FTEEE AT Y (spikingr1Z] BEYE A3 A, 8l
T STE9 aginge] 23 YA o} AFo] o8 7}
ST FH S5% Feo] BolAA H, A AE
AY FEg F4 ol ¥3E vATHGhosh and Singh,
2005). ¥bdoll, F50] 8 A7 aging Hof Jv E
Feg FHEPS A 7S 2AEA} o8 rhedh
e Fas Tl Houm AEA FE& 51 F
< AL A7 VERITHCui et al, 2004; T 9,
2005).
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0 mgkgolAl 100 mgked] 7] 7K=H 5 WolrMe
F57F FU1ERE B8 TR JIEES AEAR
&1 EHshs A2 JelithFig 2(a). ¥, EX W
FI=F 27TEE7T 200 mgkg oVdo] EH Phragmytes
karka 3 & HEAT AN A ko, Jl=F
o] 27 w3t A= ATHGhosh and Singh, 2005). T}
A, B U 7l=F 21 EE 100 mgkg AE7T 2EA
o 9% Jl=g FH9 94 FEHL T 4 Yot
(Chehregani et al., 2009), (3} IR0 B & Kol
EY U 7I=E 21550 oF 50mgkg & W, A=Fl
b ) Fege) s ARR Aol Wdvk@dh
113.4% 9.6mgkg). 3 A=, Cyperaceae®t Salicaceaed
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Fig. 2. The accumulated metal concentration in plant at different initial metal concentration in soil: (a) Cd, (b) Pb, (c) Zn and (d) As.
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3e AEL 7I=R £5 Sol B4 ¥ s U
A St Flege Aeeks g EY Ul | 27w
w2 TR A8Ad FEdE g T MR & A#
e 2 F HSTHFig. 2b)). Asteraceae™} Fabaceae
59 e 2 FHE AL EF Ul & 2] =
ARl tRE 1000 mgkg ©18ke] A8A U] F &34
& ok aea EY Wl | F527 9F 2000 mgkg
opdel HeME 2EA g% & 4 Fo] F43]
Aadte A ¢ 5 doh EG U oA 2R o
gk 2EA ] ol TE JE¥S AvEH, AAFeE B
% Y 271557} 0~1000 me/kg?] HSolME ol A¥
Q) B Hole 2 oy AAF o= st Tt
gl wal 27187} 1000 mgkg oVdel ERdME 7
A8he ATE BT AAZ Fig 204 BE EY
W 27) o} B57) 2300 mgkg & ®, 1500 mgkg ©)
24 282 ol FF=o] AAA] AL Holdth B
& W HlA 2rleRdd wE AEA W HA s ol
e AAHeEE & AIE HolAe geThFig
2(d)). T SllA AFRE FIEE, W, olde] A9 B
W 2rVsxe 7l wEt 2o] Friskd 98 w=rt
HE o= Ax Fadle AFS RIe, vlihe o9

& e BolA| et 23 EY U vlid 5%
7} ZA1RE "Hole] F Aal FE2 299 me/keoll A AEA

Table 2. The distribution of metals in different parts of plants
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W BlAEETt 1246 mghkgl B 7FF B8 FEO dEH
k. B8 AEA W HlAEE7} 1246 mgkeoE SHE
B 2L Preridaceae® FSh= Pteris cretica® Bl&
2 2 23k o= gy g 4Bt dAE
Preridaceae 0l &30 2 BER] Preris vittata LS E
% W 27) HiaEEd W vlid F3 5& v £
A3MFig. 3), EF W Hl& F57F 500 mgkg ol
% 2000 mgkg oM ®& HlA £ & BHITHCao
et al., 2004).
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Fig. 3. Arsenic uptake concentration by Preris vittata L. in
different initial arsenic concentrations in soil.

Distribution of Accumulated Metals in Plants (%)

Metals Plants Shoot and N

(Family) Root Stem Leave Bean Shoot I(jOt an o

eave data

Brassicaceae 43.67 18.74 21.39 248 11.54 2.18 33

cd Convolvulaceae 55.56 26.09 18.35 - - - 8

Poaceae 3842 16.38 29.11 - 1.58 14.51 13

Solanaceae 3749 22.77 39.74 - - - 7

Cyperaceae 93.30 - - - 6.70 - 5

Euphorbiaceae - - 14.82 - 85.18 - 3

Pb Fabaceae 49.33 - - - 37.31 13.37 10

Gentianaceae 64.31 - - - 32.83 2.85 3

Polygonaceae 28.84 - - - 24.27 46.89 4

Cyperaceae 78.01 - - - 21.99 - 5

Gentianaceae 57.80 - - - 4220 - 3

Zn  Polygonaceae 16.23 - 74.56 - 922 - 4
Prteridaceae 57.37 - - - 42.63 - 3

Rosaceae 11.94 - 77.17 - 10.89 - 4

Pteridaceae 40.27 - 59.73 - - - 16

As Cyperaceae 95.55 - - - 4.45 - 3

Amaranthaceae 10.53 - 1.20 - 88.27 - 4
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