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ABSTRACT

Phytoremediation presents a low-carbon and eco-friendly solution for heavy metal-contaminated soils, which pose great
health and environmental risks to humans and ecosystems. A hydroponic culture was used to quantitatively assess the
phytoremediation potential of plant species to remediate As or Cd-contaminated soil in field application. This study examined
the growth, uptake, and distribution of Cd in the roots and shoots of Phalaris arundinacea and Brassica juncea in hydroponic
conditions with Cd concentrations ranging from 0 to 20 mg/L for 10 days. Additionally, Aster koraiensis and Pteris multifida
were cultivated in hydroponic conditions containing As concentrations ranging from 0 to 40 mg/L for 10 days. The
concentrations of Cd in the above-ground part and root tissues of P. arundinacea and B. juncea reached a maximum of 147.7
and 1926.7 mg/kg-D.W.(Dry Weight), and 351.6 and 11305.5 mg/kg-D.W., respectively. Bioconcentration factor (BCF) for P,
arundinacea and B. juncea were 68.9 and 122.3, respectively. Both species exhibited a translocation factor (TF) of less than
0.1, indicating their eligibility for phytostabilization. Aster koraiensis exhibited significant As accumulation of 155.1 and
1306.7 mg/kg D.W. in the above-ground part and root, respectively. However, this accumulation resulted with substantial
weight loss and the manifestation of toxic symptoms. P. multifida exhibited higher accumulation of As (345.1 mg/kg-
D.W.) in the fronds than in the roots (255.4 mg/kg-D.W.), corresponding to BCF values of 18.6 and 7.6, respectively, and a
TF greater than 1.2. A TF value greater than 1.0 indicates that P. multifida is a viable option for phytoextraction.
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17 Cd HsEE 0.15-02 mgkg, 5744 EY 3
E5E 9F 1 mgkg(Adriano, 1986)°l E3}&}c}.

AN, FEANZ/AE, T AE 53 2 A7t
w0l fET o] AEel8Ade] Zrskar AYA|
A vEFESl o3 84
o2 APETHAdriano, 1986). PlEFEE oA As
o} cde A ) AYslerA 2kgel Edash vd
T wEolRE, A A (threshold) °1 43k
RAEAS] B3 7S Welske 54do] HEEThAL et
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Ase 19, cde 79 Ak
e oozt A AAIFCE 473 S dEAIE o
©7]31 UTHATSDR, 2023).

Ase ASA, 1 S HlE, WAl 3 9 Ak,
Aekds, EAEA T3 2 BT 2Tl
BZ=™ (Mondal et al., 2006), A|GH S 2= FAYHA|
ARE-(Lebow et al., 2002), d AA¥cZ= ZH & A
A (Nriagu, 1994)°] T8 g%dolt}. Ccde F5AH 3
ARE2 wl$- ekl =5, STk oFgaiA|, el
9 7P R SOl ARSEHA o s fEETh &
3] Cde 2820l /257 wiol 17 7l
A71Ho 7 71 2 s F= S550tH(Cajuste and
Laird, 2001). W2 329} 22 2194 719 52 Bl
2o] AAdgHo] =2 A 9e ALJs, gie] As &
Cdoll ot SFede 2 &5l 7]<1gkHAdriano,
1986). Tl = A} A@sox] ZElM FE550] ¢
o wiEEo], 255 7IHeE B 2kmd] EY0]
T 2EEE Ayt HAVIFoVEoRE HEHJAL, Pb,
Cd, Ni, Zn @ Cwll 23+ 29 0lgo] vHY 2km=
Hoj ol FA|Z O As9} Cd LAEY] EA5}]
7t EXE widstal A3 th(Moon et al,
2011; Kim et al., 2016).

Ekslay] FollM 2B AsleHe 28 o)
ER =4S 4, al 2 Hgslshe z18Hd 2ol
AAA] BEHEsER, Q@A) Hal Aert &
o, olsAd & 2z & Al T4 Slsi=rt wol Al
F3 A3}t Bedhx] e Q9xHd Attt 1 F
N AEA} FEHS 29H EFRE TE5S A
403 FFAAse Aes AvlEla, SE5S ¥
gt AEAE FERleEN FEES AASE WHoloh
oq2= AE Al oJ&Holo] Fsprizte] A1, i1
LA A-8317] ofHil Ho|aERe] FY7FsAol
CHAI et al, 2013; Marques et al., 2009). 2&7 3
EHel ARSSlE AlE e AT RS A,
ST w5 ¥ olel TSl gk ulido] lofok
3}al(Marques et al., 2009), Z8A1AQ1 FAEH X7}
7Fs3liof sttt

2124} eHgsPie 29 Bl A& Bl o3
2ZF A, 2 9 3k O] Whgo = A Fask
< IAAA olFRT AE o84S A= e
THAL et al, 2013). 21E4 SHgslol] AMSE= 282
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o] Ay HATY A8 A2E A 29

5 7 Qlojof shH FEE FAd gk wids 7HA
I Qo] AEHoZ AAAE 4= Qoo Sk(Yan et al.,
2020). P o] A F= 52 HHE FHY AT
2 285 fEike Adst A o] 71 Fasitt.

A=A FoA AsE FT3PEA Cdo] 54E AL ¢
= AEL FAagol BBt Cd A5HFOE Thiaspi
caerulescens’t HILE|T QO (Benzarti et al., 2008),
215 AAEo] AL Azt ofefeH g s I Bk
Aol oA}, Z¥(Brassica junceay> 74A} 2] AFE 1A
EZ 194, Cd SZF 2 Z (Kirkham, 2006; Salt et
al., 1995), TAEE |GA 7 4= Jom A= d
g 4#A e AEolth. Aset CdE BAl AA=
2E2= Wl &3h= ZE (Phalaris arundinacea)®] X
g v ok ZES AAIY Zolrk 180 emell B
T2 Ao Aa1, Sl BV} o] oy & A
ke A= AAnls ARl wet As FTEol
500~700 mg/kgol @8 AEZ Tl As®o%E CdES
~2.5 mg/kg F53F3H(Poisa, 2010).

ZAEe A AE= Heer]2 wdlsie, Fdlsh A
Aol 2 AR Ast CdE FAlol AASh=t -3t
AEFoF dtEn) dRbdos AES I3shs He,
9, W 9 22 FASAES dukdoes By 3
o] Fe-As plaqueZt FAEWA AsE FZFTHSyu et
al., 2013). b ZEo FH == As7b A Fe-
As plaque® FHETA] opH, APFFE o|Fdt £

= Aol gk ERIx Qe Aotk Iu AYAER
FH FH5o] 2 WMV Uster koraiensisye As LY
Bl ) EY As FEH7L 2358 A1BA sl
7¥Fs7de] o™ (Usman et al., 2012), As I5ZFTO=Z
= 8w (Preris multifiday’}t 7V Bo] AFEACHTu
and Ma, 2003; Zhao et al., 2002). T}t B-olmgl= &
BoHAo| #a1, FarEe] AdHolgle BE ot

o} o] AEA FEFH A8 AET AES
3l As AANE B-olme]et WnHE, Cd AAN=

2} BES 57 AplEll 24 Fasel o 4% 54
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(c) Pteris multifida in As hydropoincs
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AEAE FolFror BV|E AASA 27/ A
A Sg3kaL, 70°Celx] 3983 xde] AP E A
S As S50t AEA S5 sEE vlola=
dolB. FZH(EPA 3052 5=, USEPA, 1996)02
AAgslal, ICP-MS(Perkin Elmer-Elan DRC-e)Z £
stk AEA Als 249 AxaelE f8 v=
National Institute of Standard and Technologyollx] =gk
Apple leaves(Cat. no 1515 SRMs(Standard Reference
Materials)© 2 20| B3}, AEA SRMsS S35
ko AsSt Cd7F Z2F 0.04(x0.01) 2 Cd 0.01(£0.00)
mg/keolaL, A2 AseF Cd7F ZH2} 0.05(20.01) 2
0.01(x0.00) mg/kg® SHEI}. 243 AF= Microsoft

(d) Aster koraiensis in As hydroponics

Fig. 1. Images depicting hydroponic reactors within a growth chamber with a controlled environment.
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F7aAMmN el o FEE (As B Cd) LEE

Excel 20162 AME3lod, AZ@HA] 95% 2 o4t 714
T A ZHOE TtestE AASHAT

o

Hls) AP o] v Hashs e HA ste
o

10% 7HAslar, A2 U Mn 3571 Jo) 38% 7+4s
74971 RuEQotk(Salt et al., 1995), ¥ Aolxe
A F&7}t Go} WSy o] glo] & =
A 2ol tE 54 A5HA itk T3 Ao
Al Fo] A, =it AR SEe) o) ?

AACHFig. 1a). Cd T= 7P} 7o) AxTHol= &
kS FA| UTHFig. 2a). AHl 102 2] Cd ¥4
To AXFHFE AP} At 247 0.72(20.15) g
2 0.11(20.03) g2]A3L, 20 mg-Cd/L Lol = ZHzt
0.70(0.26) g 2 0.16(£0.04) g2 & F2JZ<] zo)7} §lo]
(Table 1), ¥ Al AMESE Cd &% 2.5~20.0 mg/L
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of thgh WAe] sl Zlo= ke

ZELS HHe] FHAEoolx Zthnh s A
s, Ajgol] B4 FgE AR ddTh(Fig.
1b). A 10€e] AAFo] e AME]Telr 27] thn|
2 g ol STIBIGE, HeldMes et e A
SRt 89 Cd w% SVl wel 2xpES] delld A
5 Ago] Fadle A HATKFig. 2b). HF AT
AT ARAG AT B AT 4 1.66
(£0.98) g B 1.34(+0.84) 2], Cd 2.5 mg/L A&7l
A ZEo A A B A A7 47 148
*0.65) g % 3.10E2.81) o]k, AVFE A Cd &
W7} 20.0 mg/Le) 7AFOlE 1.200.52) g2 F-A2]
ol I3 oF 38%7} 7AEFAATH(Table 1), 7NAF X
SR 7R 2.98(x1.82) g0 & FxjE) o) Hla) ) o)
7l ZEo] W= MAEr|o] AP o] 7+
Zslont, S S8l HeElox] A2E 717t B8
= FelA B Heke] S8 Alole) et

AN Cdoll 102 2F =EAIR Ske] A U
5 Fee oS- B30ThEe 3). e 2 APRe] &34

H Cd 5= 89 Cd 59 AFHo= vlgsle]

(b)
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stsnssiverd v ivissroona B s v e ;l‘[' N .|_~.4; vaesrrrrr A ey
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Dry weight (g)
%] (%) o

Fig. 2. Dry weight of the root and the above-ground part of (&) Brassica juncea and (b) Phalaris arundinacea after 10 days of exposure to

Cd in hydroponics.

Table 1. Fresh and dry weight of plants before and after 10 days of exposure to Cd in hydroponic culture. (£standard deviation)

Brassica juncea

Phalaris arundinacea

Cd .
N nitial EW.  Final EW. D.W. (g) Initial EW.  Final E.W. D.W. (2)
(mg/L) - -
e (€3] aerial root (2) (2) aerial root
0.0 636 (£152) 429 (:087) 072 (20.15) 0.11 (£0.03) 9.75 (£539) 11.72 (£5.52) 1.66 (£0.98) 134 (20.84)
25 347 (:075) 379 (£122)  0.50 (0.16) 0.11 (:0.04) 1148 (£7.05) 1326 (+7.62) 1.48 (:0.65) 3.10 (=2.81)
50 636 (12.98) 474 (£1.58) 077 (£032) 012 (£0.02) 923 (575 1030 (6.51) 131 (£0.61) 1.67 (+1.46)
100 555 (£0.65) 387 (:080) 059 (£0.08) 0.15 (£0.05) 1051 (+4.45) 1225(4.93) 132 (20.26) 2.32 (+1.69)
200 686 (£1.60) 397 (132) 070 (£026) 0.16 (£0.04) 1195 (24.74) 13.13 (£5.58) 1.20 (£0.52) 2.98 (1.82)
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Fig. 3. Concentration of Cd in the aerial part and root of Brassica juncea and Phalaris arundinacea after 10 days of exposure to Cd in

hydroponics.

7Falsdet. A TellM el Cd AV SEE 23.6 mg/ke-
D.W.o|ou, 25mgLyl 7% 56.4 mgke-D.W.0] 3L
20.0 mg/LAIAE 351.6 mg/kg-D.W.o] 2= 0ct. 2|81
Cd ¥5v FAYFAME 7.6 mgkeol E3aton),
2.5 mg/LAlAE 1,531.5 mg/kg-D.W.olH, 20.0 mg/LollA]
+ 11,305.5 mg/kg-D.Wo7F A=t} Salt et al.(1995)
o] Aol S 60 mg/L SHellA 7ATF wldeE A
ol 1,700 mg-Cd/ke-D.Wo 2= 3L, Nouairi et
al.(2006)2] AFAM= 7S 15U3F Cd 11.2mgLl 29
HiRlell 7 Auigk A3 BEje] Cd FE= 9F 4800
mg/kg-D.W.oI13L, AH Cd F=+ &F 320 mgke-
D.Wellth. & AFelME 10 mg/L &0l =ZHUS
) APFEU Cd FEE 2272 mgkg-D.WE 7] AT
oF fAlet AEe BTt o] A3 Av=xnt dokst
o, 2k Hal 20 mg/lL FE9] Cd S/ WAdo] Sl
o, 2EA ] S4E Cd ¥E2 Hol AE3HEo= o]
|75 Cd 57 =& 745, AEASAd A3 4
2 g,

AES 1097 73 Apiste] 8% AEAl S55 5
T Zolxel o] el gl APl S2E Cd s=7t
|9 Cd F=ol AZHo=Z vlFsle SV Fig. 3).
AT A=Y AP B A8 Cd FS 242 0.2
2 1.4mgkg-D.WolleH, 5.0mg/Lole AR 2
AsE Cd o] 247t 63.7 L 682.9 mg/ke-D.W.olAL,
20.0 mg/LAIA ZH2F 169.9 mgkg-D.W. 2 1,926.7 mg/kg-
D.wWollth Aol AHG ZES FTFE5(5 mg/LY
Cd, Pb 2 Ni)Z S 8H FAAMIERNA 6577t vzt
A}, 2E A5 Cd F=7F 3.8 mg/Lo|ar, Aol

J. Soil Groundwater Environ. Vol. 29(1), p. 28~38, 2024

A= 1.6 mg/LOI 3 (Bello et al., 2018), LFXH2] 3}
Aol AFHE 2] Cd HaL FEE 9.87 mykeo|R
A9k 3 QAT =855 S7FITHSenze et al.,
2022). F O BF A ZHelAM hds] AR A
<1 dl Hlel, £ AeMe HAe] oA Eids] A%
sk= fralEel71dl Cd A s=elA] Zfolz) g A
olg} Al E. B 3] ZEo] Al g asx
CdE F5319 o, stoll vlshd Aol X3 Cd &
T 242 41 2 17%0) Bkt

w

2. 82| m2|et HIHn|F ol 2|5t As WEHS R &
Bolmzlel WANHE As FE 5, 10, 20 2 40 mg/
LZ Q1F29 wixlellA 7 Auiste] AA|Fe] wisl=
SA3F A= Table 29} 2t} Bojme] 7] WA
11 gol oL}, g2 2EHAZE x-S HIESH BE
Aol Al le] Hxd o] WA old wet 74 A
HiE k53 109 & A o] Mol 86g
HeIE oF 2g o FAsiinh. 1 o|9]e] s} 3yt
T As 549 o AEAF A= gIUThFig. 3a).
i Wrju|Hol e Asell 3 5402 9lo] 7oA
U AR|3 277 oA ey, He 2 s @y
o] TAEATE As 10.0 mg/L ool A] A eko] 7HAas}
RO, As 40.0 mg/L HE|FeME 7] WA 2443 ¢
oA Al 108 F 9.71 g & °F 60% 7SI whA,
FAgTollde 7] AAF 22,53 oA 1084 5 31.29¢
© 7 39% Z7}3IItH(Table 2). AZXFHS =43l B
gk Av, Fongle A g At oA o
21 WslrF dojuA] gigkont, Wi = As H7h
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Table 2. Fresh and dry weight of plants before and after 10 days of exposure to As in hydroponic culture. (+standard deviation)

Pteris multifida

Aster koraiensis

A .
S OO0 Tnitial EW.  Final EW. D.W. (g) Initial EW.  Final E.W. D.W. (2)
(mg/L) :
(® (® fronds root () (2) aerial root
00 1025 (2331) 849 (£252) 119 (2036) 0.04 (£0.44) 25.05 (22.08) 3394 (24.54) 3.63 (20.06) 1.43 (0.31)
50 1256 (:2.81) 1033 (£2.35) 1.60 (£0.16) 1.02 (£0.36) 17.63 (£0.68) 16.93 (£1.96) 2.30 (£0.38) 0.77 (£0.09)
100 1128 (£424) 883 (12.97) 132 (£023) 0.88 (:043) 22.00 (£1.16) 13.05 (£2.30) 1.95 (£0.15) 0.64 (£0.21)
200 1148 &1.54) 866 (£1.19) 136 (£0.17) 0.87 0.18) 2827 (£2.89) 13.54 (£1.57) 2.14 (£0.39) 0.83 (£0.36)
400 1208 £146) 8.14 (£1.05) 147 (:029) 1.01 &0.18) 23.44 (£1.03) 929 (£1.23) 0.57 0.13) 0.57 (0.13)
(a) (b)
30, -
= Frond * p<0.05 —— Acrial
Dk | | — Root == Root
| 4 -
g % 3. g . [ef st
2 15| $
g g L
= = 2 s
a 10| l 5 T o T
1 *

0 5 10 20 40
As concentration (mg/L)

0 5 10 20 40
As concentration (mg/L)

Fig. 4. Dry weight of the root and the above-ground part of (a) Pteris multifida and (b) Aster koraiensis after 10 days of exposure to As in

hydroponics.

o] AP AZRZH AR} As 20 mg/L H7RES Al
g A3 AxFE] BF 8(p <0.05)02 7143}
Ath(Fig. 3b).

T 79 F7] As arsenate(As(V), AsO,) S-2 arse-
nite(As(Ill), AsOs )= A& oA HA F55m, &
HAQD AlxEr &4 g3 Haljd 7=, S
(reactive oxygen species) WA} AAE flgt Fiksl=t
Bl a3t olux] &4, vz 549 Asfiel g o
o] Ae] FEAJoPd ZZ o] IS (Poynton et al., 2004;
Zhao et al., 2008). As(Vx= 12 FAKIZ <l AR =
£ B3l AZAR o]F3 tha, 2 kst #geA
A7} AR ATP AkS Asfiskal, As(ll= dithiol
(SH-) 3134 EAo 2 cystein®|U} thiol 232 717 &
~E A3lS}(Finnegan and Chen, 2012). oPd2] 28
o= WimHAA ASH st WA A F Y
DI A A T 2 o] gk Aol
& g o, WARFHE As AE] AFSE ofd AoR
Tt

e

FOlHEE As QJIFAuA A 1087 77 AulgH
&, SAT AVEE B A W As T Fig 49+ 2

o Bejzeel] o3 As FFE Tu et al(2004)2] 7
ol e} o, Esl=di o] B As Tl wet A
(fronds 2 ¥Elys=rt sk 43S Bk T4
TollMe golme] AV B AR As T 27
223 2 1.83mgke-D.W.olot, vlUgd As =7}
5.0 mg/LolA] APFFE 2 A As FEE 27} 103.21
2 77.01 mgkg-D.WL=Z JF7FIYaL, vl As 5%
Z7Ml wel Bojme] AEAe] As FEE /A
As 40.0 mgLAlM = AFF As FET 345.08 mgkg-
D.W., A5t As FEE 25541 mg/kg-D.WolRlth 18
U AR E sl Bojary] AP As R}
FE=FF0] 7152 1,000 mgke-D.WE Z3HA=
AHReeves and Brooks, 1983). ©]¢} 28 A=
o ARESH AEAVF Har =E7ITte] Ak, B AT
o Hla] As F=7} S3kS B o2} (Zhao et al. 2002),
| pH7F As ols4e] F ol oid kg
(pH 6.0)°]117] wjiZole} Thekech

F7AM AR DiH W 545 FE% Fig. 6
7 Zo] &N As FETF SIS AEA As
718199}, ARE] 7%, As 40 mg/LolA] FtH 1306.7

> v
% ok

o
Foyie mite ul

J. Soil Groundwater Environ. Vol. 29(1), p. 28~38, 2024



34

—_—
w
—

5

T 500

B —- P. multifida

E 400 —M- A koraiensis

c‘n

i i

é‘ g -
= 300

o5 el

E=l =]

bl

c ‘g"; 200 / 1.

§< e

4@ - i

£ 100 / -

7] 1 //

(] -

c

8 ol ] S

2 0 10 20 30 40 50

As concentration in hydroponics (mg/L)

@ 1T

(b)

Z 2000

Dc.n —@ P. muttifida

= —&— A koraiensis T
= .
E 1500 ,
<) /
<] f
(/1]

£ 1000 - e Ll
=

c

s ,/

[

8 500 {s

S F

=] -

c

5 ﬂ_fo—/—/—’_’
3 0 & i : : .

0 10 20 30 40

As concentration in hydroponics (mg/L)

50

Fig. 5. Concentration of As in the root and above-ground parts of Aster koraiensis and Pteris multifida after 10 days of exposure to As in
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Fig. 6. Calculated values of bioconcentration factor (BCF) and translocation factor (TA) based on As or Cd concentrations in hydroponic

solutions.
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Table 3. Concentration of Cd in aerial parts and roots of plants and calculated values of the respective BCF and TF values after exposure
to cadmium in a hydroponic system. (£standard deviation)

Cd conc. in Phalaris arundinacea Cd conc. in Brassica juncea
(Clsg/cE)nC- (mg/kg-D.W.) BCF TF (mg/kg-D.W.) BCF TF
Aerial Root Aerial Root
0.0 0.2 1.4 i ) 23.6 7.6 ) i
(#0.1) (#0.5) (*19.2) (#5.8)
25 249 492.7 125.0 0.05 56.4 1531.4 118.9 0.04
(£22.8) (#231.1) (#522)  (+0.02) #9.7) (#611.5) (#247)  (@0.01)
5.0 63.7 682.9 76.1 0.08 1454 3187.2 111.8 0.05
(£62.7) (£241.4) (#£32.4) (£0.05) (+81.2) (#£351.4) (#£20.9) (#0.03)
10.0 422 1016.3 63.2 0.04 2272 5477.8 125.7 0.04
(+13.9) (+270.1) (#324)  (+0.01) (+86.4) (£951.3) (#28.1)  (*0.02)
20.0 147.7 1926.7 68.9 0.08 351.6 11305.5 122.3 0.03
(#67.4) (£780.7) (£26.4) (£0.01) (#£327.2) (£1165.5) (*14.9) (#0.03)

Table 4. Concentration of As in aerial parts and roots of plants and calculated values of the respective BCF and TF values after exposure
to arsenic in a hydroponic system. (+standard deviation)

A As conc. in Aster koraiensis As conc. in Pteris multifida
s conc. (mg/L) BCF TF (mg/L) BCF TF
(mg/L) v -
erial Root Aerial Root
1.4 1.4 ] 22 1.8 ] ]
0.0 (+1.0) (+0.8) - (*0.9) (+1.0)
50 233 174.4 20.3 0.15 103.2 77.0 18.6 1.44
: (#5.8) (£66.3) (£2.4) (£0.07) (#31.9) (21.7) (4.2) (20.64)
100 42.8 205.9 31.1 0.22 152.9 151.0 153 0.98
: (#36.0) (40.3) (£14.6) (0.21) (£94.4) (£82.5) (#9.0) (0.11)
0.0 105.4 506.7 66.8 0.22 280.1 191.9 123 1.51
: (21.4) (£144.9) (*21.7) (£0.06) (+81.0) (£25.7) (#2.0) (#0.57)
0.0 155.1 1306.7 202.2 0.13 345.1 255.4 7.6 137
: (£58.0) (+375.5) (+3.8) (£0.06) (£109.5) (£55.8) 2.1 (0.42)
9} TF(Translocation Factor)S 24z} th3 2l(1) ¥ (2)& & ZHARE Yehle $83 AxFe] shue|th
2 APY3laL Fig. 69l AHelsHATtHALli et al,, 2013). BCF ngl BCFcq= 2.5 mg-Cd/LAME 125.0 LkgO & =
ARl ARE3E A1EA]| -6‘:1'J" Ydses A5l 2 XA kO T =Vl uel A¥EFo= 7HASI, 20 mg-
B A 7iz7e] 254 s 18sle] AHgstant. Cd/Loﬂ/H% 68.9 L/kg® & °F 45% 7HA3iict. whd 7t
9] BCFie % 7 Fa33H 9F 120+ 6 Lkgo &
Bep - VEA Es A =(mgky) O U3 @S AASE T8 T ABAY TR g
Z /\
el ) R 0101812 wl$- ek thad slHolr cd $4%

o2 BYH Sesuvium portulacastrum® S73AMY Ao
() X% BCFea= 5.6 mg-Cd/Le] 84 L/kgollAl 67 mg-Cd/L
9] 13 L/kgeZ A HASIHAT, TFeae oF 022 ¥
T U= TH A3IATHUddin et al., 2020).
BCFE, 53 T84S T3 A= olFs= W73 o] BCFE 2.5 mg-As/LAAE 20.3 Lkl
8L TFZ 718, BCFY}F TRF 2 AdFS 2184 o} Fro ALl A¥HoZ vl J7Isl, 40 mg-As/
Aol A3 AEE EH3HNour, et al, 2011; LolAE 202.3 Lkgoll B3I93TtE 184 TR = 0.13~0.22
Sakakibara et al., 2011). BCF= FH 7oA 21&o0] 2 A eioith AEA 2B Ass=7F 1000 mg/kg-D.W.
53t SAske s Wrkehe e, A& ot < Ja1, AT 155 mg/ke-D.W.OE AiFo=m =
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BolmE]e] BCRy = 5% 5710l dhlaEsle] Z4sh=
748 Bt As FE 5mg/LolAE BCFaa= 186 L/
kgo]al, 40 mg/LAME 7.6 LkgO 2 59% 7HA3Kdct. 1
YUt TFa 30l 1.32(2024)2 o} 2184 S50 3
13t 21E9o] AERIZAT}. Pteris £ P vittata, P
cretica, P longifolia 3 P. umbrosa 52 JAZFL H]
A9 HE5HFoZ de] dEA Jtk(Zhao et al., 2002).
Bomas 83 Aaatel oahd A A
oA A3t BCF el ®le 47 0.6~7.43 Lkg 2
624 Likg= 3323 BCFifo] o =& 7] glom,
ol BojaEle] As §575 WslEn @AY 29%
7} v Aol ] & Ylo|tk(Danh et al., 2014). W}
Al Al SdEE STl wetl BCFagke] #4st
= A% Y3 Yo} Alg g

au B Ao 4 9 Bojmeelae} Zol, BCF
A4

d 7S 2 4 flOM(Ali et al, 2013), A& 3

A5 FEEH A AES Al w83t
H, TF>1.0%] &S AFEo= A (Yoon et al.,
2006). WA AEG FEFH ARt AEL B9
2ol =gkel, v A As F=7F 1000 mg/
kg-D.WE “J3J3HAIRE TF} Rot As Bdlolle= AshA|
%2 AEE R AE A= ul$ Fa3 A8
A5 shtolt), Fojaee 2] AGoX Alsh=
AEZ Fgle & IS B Zou, A g
3 BEANFAGL] HALE (Biob)s -5°C PRI (Xu
et al, 2022), Tl it & AlFE A Hvle]
Bio6ol 3fESHLim and Kim, 2020). Z18]2&2 H-olm
& APIER AT & v @2 vie ASHY

Aole}.

TEE As T Cd2 298 EQ A= A3k
= A8 W AR A HEFT AES 8 As(0-
40 mg/L) Ag]Toll= WAmF e Bojag s, Cd A2+
(020 mg/Lll= 2t Z&S 212 AR08k 1097 Al

s} 4B 2 Fa& F48 v
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