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

< Research Paper >

https://doi.org/10.7857/JSGE.2024.29.1.028
ISSN 1598-6438 (Print), [ISSN 2287-8831 (Online)

AL 3 AL
AXHuHol| ost B2 (As Y Cd) LPE| AlZ4A
SH3H M2 AMES MY
ZIME! . H R - 2YES
oleckeg A

Yiadsh BEadgse
sorEg|sl B2}

Selection of Plant Species for Phytoremediation of Heavy Metal (As and Cd)
Contaminated Soil using Hydroponic Culture

Bumjun Kim' - Bumhan Bae** - Younghun Kim®

!Beautiful Environment Construction, Seongnam, Gyeonggi 13207, Korea
’Department of Civil & Environmental Engineering, Gachon University, Seongnam 13120, Korea
*Department of Environmental Engineering, Andong University, Andong 36729, Korea

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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(d) Aster koraiensis in As hydroponics

Fig. 1. Images depicting hydroponic reactors within a growth chamber with a controlled environment.
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Fig. 2. Dry weight of the root and the above-ground part of (a) 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 .
OO nitial EW.  Final W, D.W. () Initial EW.  Final E.W. D.W. (2)
(mg/L) - -
(®) (2) aerial root (® (9] aerial root
0.0 636 (£1.52) 429 (:087) 072 (£0.15) 0.1 (:0.03) 9.75 (£539) 11.72 (£5.52) 1.66 (x0.98) 1.34 (:0.84)
25 347 @0.75) 379 (122)  0.50 @0.16) 0.11 (£0.04) 1148 (£7.05) 1326 (£7.62) 1.48 (:0.65) 3.10 (:2.81)
5.0 636 (£298) 474 (£1.58) 077 (:032) 0.12 0.02) 923 (5.75) 1030 6.51) 1.31 (0.61) 1.67 (£1.46)
100 555 (£0.65) 387 (£0.80) 059 (£0.08) 0.15 (£0.05) 1051 (4.45) 1225(4.93) 132 (£0.26) 232 (1.69)
200 686 (£1.60) 397 (:132) 070 (:026) 0.16 (£0.04) 11.95 (£4.74) 13.13 (£5.58) 120 (: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.

7¥ekaek. T2 ol o) cd AP F5E 23.6 mgke-
D.W.olgloy, 25mg/Lel A9 56.4 mgke-D.W.0]3L
20.0 mg/LAIAE 351.6 mgke-D.Wo] A=At X|5HE-
Cd F== FAEFIME 7.6 mgkgell B30,
2.5 mg/LolME 1,531.5 mg/kg-D.W.01H, 20.0 mg/LollA]
= 11,305.5 mgkg-D.W7F SA=| AT}, Salt et al.(1995)
o] AFlA ZbE 60 mg/L SNl 7UZF wjgFet Ax}
o 1,700 mg-Cd/kg-D.W.7} A=A, Nouairi et
al.(2006)%] AZFANME 7S 1597 Cd 11.2mg/l 2%
Hizle] 7 At Az BeEe] Cd FE= 9F 4800
mg/kg-D.W.oIaL, AdH Cd F== F 320 mgke-
D.WOIRITth E AT 10 mgL £ =EHAS
g AP Cd FEE 2272 mgkg-D.WE A7) AT
oF FARSE A4S Btk olde] A% A=Ert st
o, 2k H3l 20mg/lL F%2] Cd S/ Wdol §)
o, A& 2% Cd FEE Hol FEsHFoZ o]
B87V5% Cd 57t =8 A9, AE35H00 2§t 4
22 dEY

ZES 1097 774 Apiste] S-S AEA 55 5
Te ZoAel o] B 9 APl 49 Cd s=7F
£ Cd sl A¥Hoz nlEsly S8tk Fig. 3).
FAET AEe] A B A cd FES A7 02
H 1.4 mgkg-D.Wellen, 5.0 mg/Lollde AP B
AR Cd o] 24t 63.7 2 682.9 mg/kg-D.W.OlL,
20.0 mg/LolA ZH2E 169.9 mg/kg-D.W. 2 1,926.7 mg/kg-
D.WolRlth AelM AHF dES TEEHG myLo
Cd, Pb & N)Z 9% F2AuERNAN 6711 st
A, 2E A3 Cd FE7) 3.8 mg/Lelar, AP
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= 1.6 mg/LO|ATL(Bello et al., 2018), 2Fx|¥2] 3}
oA AFE 2= Cd F3L FEE 9.87 mgkeolSd
A 3 LEETE =55 S71SIATHSenze et al,
2022). F 97 BF A 20l ) AR AA)
1l ¥l # AellMe HZH o] A &Hs] A%
sk fralEe)7]dl Cd A=A Zfel7t dAsE A
olg} Aludnt B A3 ZEo] B Al Higl iE%
CdE T390, Zboll vlshd 2Pgiel A5 Cd &
T 72 41 2 17%00 Bkt
3.2. 89| 12|} HoHo|F|off oI5t As MEVE X EF
Bolzmzlel HUIHE As % 5, 10, 20 2 40 mg/
LZ 1329 uiR|ellA 7 Apjet] A wislE
Z43 A= Table 291 2t} Bojme] x7] AYA|F
ok 11 go] o}, A AEFHAR YRS HIES BE
AfrellA] Q1] HEE o] WAL, ol wet 78 A
HE 53 109 § A thiEe] A2fgrollA 86g
WelZ oF 2¢g o 7ASIATE 1 ole]e] s} |
S As FA4 o5t AEAF THae SUTHFig. 3a).
Hd e = Asell 9t K0 9o mio]A
U A3 E717F s e, Ay 2 st S
o] FAFATE. As 10.0 mg/L ool A Ho] 7HAs)
o1, As 40.0 mg/L AZToME Z7] A 2443 ¢
AN A 102 F 9.71 g0 & F 60% AT v,
FAjglFolre 271 A 22.53 eollA 108 § 31.29¢
° & 39% Z7}15}AcK(Table 2). AZXFHS =4slo] 1
wgk A}, Bojaigle AP 9 AFRE BFoA 72
231 Wizt dofuA] eigkot, WAmHel = As H7t
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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 COnC T itial EW.  Final F.W. D.W. () Initial EW.  Final F.W. D.W. (2)
(mg/L) ‘

() (2) fronds root (® (9] aerial root
0.0 1025 (£331) 849 (:252) 1.19 (:036) 0.94 (:044) 25.05 (:2.08) 33.94 (24.54) 3.63 (£0.06) 1.43 (:031)
5.0 12,56 @2.81) 1033 (:235) 1.60 (£0.16) 1.02 0.36) 17.63 (£0.68) 16.93 (=1.96) 2.30 (20.38) 0.77 (£0.09)
100 1128 4.24) 883 (£2.97) 132 (£023) 0.88 (£043) 22.09 &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 (20.39) 0.83 (£0.36)
400 1208 (£146) 8.14 (1.05) 147 (:029) 101 (0.18) 2344 (£1.03) 929 (£1.23) 0.57 (0.13) 0.57 (£0.13)
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Fig. 4. Dry weight of the root and the above-ground part of (a) Pteris mulitifida and (b) Aster koraiensis after 10 days of exposure to As in

hydroponics.

o] AP AZFHEF AR As 20 mg/L H7REE A
gk AP AxFHo] BT 9% (p <0.05)02 743}
Ack(Fig. 3b).

T E79 F7] As arsenate(As(V), AsOs) 32 arse-
nite(As(Ill), AsO;")= A& Hox gGA 5=, 2
AAQJA Alzetr &gl o3k Aajd F=, &49404
(reactive oxygen species) WA AAE {Igt s}
8l Bag oA &2, teKek fide) Ak Pl
oxe] FEAJoRd FZHo] WIS} (Poynton et al., 2004
Zhao et al., 2008). As(V)= ¢12] FARIZ < AGH=
£ Bl AEZAR o5 the, Ak kst 3gellA
QA3 AP ATP AJ2RS- Adslar, As(llly= dithiol
(SH-) 313} 5402 cystein®]H} thiol 2ES 71 &
AE AaScH(Finnegan and Chen, 2012). ode] 2k&
oz WimHN B5E st AT A4 B oQle
W AP A S 2 ol AT Aol

N

& 3loH, WATIHE As AE] AP ohd Ae=w

BouelE As QlE @Al 107 4

o}, Bolzrgol] 23 As §5= Tu et al(2004)2] A+
oM} o], E3}=at o] G As F7iel wet AYA|
(fronds B B2)yYsrr} ZAhsks A2 Rt T4
Toxe Felae] AR 2 Aty As FE7F 24
223 % 1.83mgkg-D.W.o| o} Hlgd As FE=7})
5.0 mg/LollA AP = A3 As BEE 212) 103.21
2 7701 mgkeg-D.WLZ F718IaL, vl As 5=
71l wet Bojme] AEAL] As FEE ST
As 40.0 mg/LAlAE A As FEE 345.08 mg/ke-
D.W., ABHE As FEE 255.41 mg/kg-D.W.ollth 1
U FAAMIJ T Epslar Bojme] AV As Tt
=220 71521 1,000 mgke-D.WES 23R 3}
HReeves and Brooks, 1983). |9} 72 Zyl= AF
o AR A=AV Aar =27Rte] #gkom, B A
o v As T/} 23S ¥ ok (Zhao et al. 2002),
A pH7F As ool =2 ddeAo] ofd ik
(pH 6.0°137] wiiZola} ket

FAA Aol WA i 5% TES Fig. 6
I o] 8l As LI TVREE AEA As TEE

Z7FIATE. ARl -, As 40 mg/LolA o 1306.7
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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
g;ig/%m« (mg/kg-D.W.) BCF TF (mg/kg-D.W.) BCF TF
Aerial Root Aerial Root
0.0 0.2 1.4 ) ) 23.6 7.6 i
(0.1) (*0.5) (+19.2) (#5.8)
25 24.9 492.7 125.0 0.05 56.4 15314 118.9 0.04
(+22.8) (*231.1) (#522)  (#0.02) #9.7) (#611.5) (#247)  (0.01)
50 63.7 682.9 76.1 0.08 145.4 3187.2 111.8 0.05
(#62.7) (£241.4) (#324)  (£0.05) (+812) (+351.4) (#209)  (£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)
200 147.7 1926.7 68.9 0.08 351.6 11305.5 1223 0.03
(£67.4) (+780.7) (#264)  (#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)

As conc. As conc. in Aster koraiensis As conc. in Pteris multifida
(mg/L) BCF TF (mg/L) BCF TF
(mg/L) Aerial Root Aerial Root
14 1.4 2.2 1.8
0.0 (1.0) (0.8) - - (#0.9) (*1.0) i i
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) (+0.64)
10.0 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)
200 105.4 506.7 66.8 0.22 280.1 191.9 123 1.51
(#21.4) (+144.9) (#21.7)  (+0.06) (+81.0) (£25.7) (#20) (057
40.0 155.1 1306.7 202.2 0.13 345.1 2554 7.6 1.37
(£58.0) (+375.5) (#3.8) (+0.06) (+109.5) (£55.8) (#2.1) (£0.42)
2} TF(Translocation Factor)E Z}z} o2 2l(1) ¥ ()& ZEE SRS Jehlle $83F A¥F9 sholth
2 APg3iaL Fig. 6°ll A=IsIATHAL et al., 2013). BCF ZE9] BCFee 2.5 mg-Cd/LAAE 125.0 LkgO & =
Akl ARESE HEA| TH5 Fdses Aot B AV o}, T STl wet HPAHO0RE 7HAEke], 20 me-
5 13 A7) Fed w8 aEisk] APgeit Cd/LAIME= 68.9 Lkgo & oF 45% 7Asiqict. vhd 2t
o

9] BCFie % 7l T334 ¢F 120+ 6 LkgO &
sop - AEA 345 BieE(mgke) 1) AT RS KAk et ARAY Tr B
wdel I Emmgll) BE (10152 vi$ Yelt). thaAl SjHold od $H%
o2 BuH Sesuvium portulacastrum®] T7EANH] A o
2) X% BCFci= 5.6 mg-Cd/Le] 84 L/kgollA 67 mg-Cd/L
o] 13 L/kgl & IA| AR, TFea= oF 022 ¢

= A3th(Uddin et al., 2020).

1p = AEA AR S5E s (meke)

=
AlEA 2B $55 = (mgke)

rlo

EY 32 29X F558 358 4 e
BCFZ, §5¢ T84S T3 AR oldsl= HWFS] BCRacE 2.5 mg-As/LellA= 203 Likgol1
THe TR Wrlshe, BCFS TRZF 2 9% 2188 o ko A9 dgzos v 371510, 40 mg-As/
Ashe] Aget AE= BRI (Nouri, et al, 2011; Lellxle 2023 Likegell 38t 12y TEu = 0.13~0.22
Sakakibara et al., 2011). BCFE FH 3HHolA 2]&0] 2 =4 Ut A=A ] AssE7F 1000 mg/kg-D.W.
Frslel Fshe ARE ke gol, A% 93k & |, AR 155 mykg D.W.OE JhHOE &
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BCE &= % 710l vhlgsle] 74sk=
o} As % 5mg/lLoli= BCFy= 1861/
o/LAME 7.6 LkgSZ 59% 74315t 1
2L} TFy, 3Ol 1.32(2024)2 =0} 284 =90 %
et AEQlo] AERIFIC}. Peris &2 P vittata, P
cretica, P. longifolia 2 P. umbrosa 52 IAIR]ES H]
A0 HEAFoF Je dHA UthZhao et al., 2002).
BojnElE AMES Aol SJahd AN A
FollA 2HYgE BCEAgES] 9= 22t 0.6~7.43 Lkg B
6~24 L/kg® 37423 9] BCFtol U =& Ado] 3lom,
ol BolmEe] As S5 WslHT} AP odE
7} $+e Aol ¥ & Ylo|th(Danh et al., 2014). w2}
A £ dgellM BdEE STl Wt BCRagkel 7H4sst

o,

0% oft

S L
1‘E ~

2 1

~
)
Mo
&

5

g\(

T 29T 2o FolRle Ao doermz Ay
0l 71&e 9 = glom(Ali et al, 2013), 2124 ¢HY
slof| Agtet A& gk vhoge] 7|7} k. vk
W TFE AsleHS 28alal APRE F8std AlAst
© A FE3H A AEE A vl 783t
™, TF>1.09 A& HFgFo2 AI3H(Yoon et al.,
2006). WA AEA FEFHA APS AES Bojn
ol FIgkEm, AW A As 571 1000 mg/
kg-D.WE 3SR TE7} Yol As Aol AsIA]
2o AER ERELh AE A= vl To3 AFe
9%l shtoltt. Bzl Lt Aol MAsh=
AEZ ArEle & 93 A o, Al Za
3t AEVIZAG0] HALE (Biob)ys -5°C WTH]H (Xu
et al,, 2022), S-EulelxE aiE # AlFE A Hvte]
Bio6ol] 3E3CHLim and Kim, 2020). 12|22 2ojn
g5 AsPEE AESE F e I wie AlFHY

Aolt.
18 =

FTEE As T Cd2 9% B A& g3la
S 8T of A8 A AEF AES 98] As(0~
40 mg/L) Ag]Foll= HIlmFH e} -ojmeE, Cd A2+
(0~20 mg/Lll= 28 225 782t 2A18ar 10¢7E Al
sl A2 2 a5 55 AS3SIch
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o Ay, WAEAHE e As FE7F 1,306 mg/ke-
D.WZ7HA] #=5]a1, o] wje] BCE7F 2022 Lkl 2
As 5780 o) Qo] suistel Ax|F FhAo] opedgfol
TS=o] A e AEFoE WHT Foln
ZolMe As H4FF0] B=HA B3%aL, BCFE 18.6~
7.6 LkgO 2 As F%ol vHlEdhe 43S Yo, TF
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D.WE &4 F20l At Folgt wE
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