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Phytoremediation of Soils Contaminated with Heavy Metal

by Hosta longipes in Urban Shade

Jin—Hee Ju-Young—Han Yoon*

(Department of Green Techonology Convergence, College of Science Technology, Konkuk University)
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| CHEH Matabedol stutel A& StAjHi(phytoremediation) 2| &
M XA 0l HH|FE AR MEg FalsIeint FI=&(Cd), EH(Pb), oti(Zn)e] &
7HR| SE2(0, 100, 250, 500 mg-kg™) M2|Et PHiSR7|0f H|H|FE ARIE = TIHRZE A2 T
e MMEACE HH|F XAR0Mel FIEF(C)T H(Ph)2 Mels=It &7
ZAZ| QU0 XISHROME otd(Zn), ZE==(Cd), H(Pb)M2[7} 1=
IS5 XA el X|5HE7e] £X &0l TF(transportation factor)2| A<, ol
XSHRUIM ZE5k= AR LEIRCH EX L S35 HMAHZ2 M 71K 234 25 Mels=
SR Z75IRct AlEX e B L E24 ==H|2l BF(bioaccumulation factor)e| Z< 0+ed(Zn)0|
=(Cd), &(Pp)el A= EA0AM AEXof 25t
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| Abstract |

Hosta longipes is one of the most popular ornamental perennials in use in Korea today, and is mainly used as
a groundcover plant in urban shaded places. In this study, the pytoremediation effect of Hosta longipes was tested
using four concentrations (Control, 100, 250 and 500mg-kg™) of Cd, Pb and Zn in soil. The plants were planted in
300mm x 200mm x 250mm drainless—containers, which were filled with a artificial amended soil for 7 months. The
results showed that the contents of heavy metals cadmium and lead in the shoot of Hosta longipes increased with
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increasing heavy metal concentration levels exception of zinc. The amount of zinc, cadmium, and lead accumulated
in roots were increased with heavy metal concentration levels up in soil. The shoot/root ratios(TF; translocation factor)
values were found to be more than 80% of total Zn, Cd, and Pb take up by Hosta longipes. These results indicated
that root is the major part for accumulation of heavy metal. The removal contents of zinc, cadmium, and lead increased
significantly with the increasing heavy metal concentration in the soil, which was planted with Hosta longjpes. The heavy
metal concentration accumulation in plant/sail ratios (BF; bioaccumulation factor) values for three metals were found
to be more than 30% in cadmium and lead, but lower in zinc treatments. The different responses of Hosta longipes
suggest that in heavy metal contaminated soils the plant adsorbs available metals depending on the concentration soils
in which they are present. Therefore, this species can be an efficient phytoremediator for soils contaminated with cadmium
and lead in urban shaded places.

I Keywords | Hosta longipes, Phytoremediation, Heavy Metal, Contaminated Soil, Urban Shaded Places
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AIL(HFE 9], 2000), 3}HA ¢l HIHo 7= Q&
14 (fixation), 8-¥(leaching), ©]-213H{ion-exchange) ¥ E-83Himmobiliztion)
oheFst el 3kelbd o] ARE-E o] gtk I8y 7|29 Ve L9EH EFY
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sl71olt olelgol SUThS84] 2, 2004).

, 7129 Belsetael Wi Tulg % 2% 0f BAS op|sta glol, e
o1 g3 FF4 S ANE FEAZ)E %7142 B 5 5hH (phyotremediation)o]
FEwm g

ABE o] 83 EFege] Bel714el AR AsES Hot Biko] £E|7HA
Tha e Aol £RET 0G0 HEr M2 Aol A oYk So
SHOE HHUSISA A eEA FSHAOU, Hlgo] AYskn BN 7] Golet
Holl Al 2122 Fof Plo] F7}8}a 9lrk(Cunningham et al, 1995). 53] 4| E2fu) g3t
Me WAl W SR gol wmA Yo BAS aom B sty o
B A HOR REST 5 gt BAYIGRE Y AEY FUOE LA 9t
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(A4 <, 1999).

Phytoremediation®]] thet 27| A= == G584 A9 22 24 EgA 445t
L AES gppo AR e FE4S 243 4 9 A|%(natural hyperaccumulator)
TO] 'Aof it A7t =5 o] F3lt Cd, Cu, Ni, Pb, Zn 2 EF9] phytoremediation
of Atg% o322l hyperaccumulator®2+= Thlapi caerulescens, Thiaspi ochroleumcum,
Brassica juncea, Hordeum vulgare, Acana satica 5-©] 1tH(Chen et al., 2003). 21} A
7HA] 427 gl FE 9] hyperaccumulator®] 79 S50 tigh A FS Ho1} €
Hma} v we o) Ao} Lol 55 S8biomass)o] Wol A4 oo Eof

5}
of FYstdlE Wl Aol AAL 5 e T4 $F= 722 B/ di= BA
&

o] AAETHSS4] 2, 2004)

SAY A% EFEFES BAY AT AYEGRT BA e, o)k 4
2 9 =4 A8 5 ed el dEt Fol Ashy] B Aow Wn w3 4
o G FEE EF U 9ol FFE FAS HFAY AOE BI UAHIAL,
SR, 2000). A g4 Solq AT R EARe] 34 2.90] A ws)
2 Ay 4w, b odE AT AR FHOE A FEE 2do] 4
A AAE I e A H53 ek 53] Cu, Ni Fe @ Cr 2414 59}, Cr, Zn
9 Cdi A5A S pado] £ A0 HuHI Yrie] BT 9, 2004). A
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2T 5o =AW A5E9 158kt A ESkR Q 7 v
w2} 22|41 & 2] phytoremediationo]] #gF B4 o] o]l Ql oL}, X A& djgt

AR S B B A=mTE A9 Qe Ao] Aotk wEkA & AFtol|A =
APYAE R WL7EA 7Y 4L, YA ol et viH| =5 AA st ofdd(Zn), 7H=w/(Cd),
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A= 7F2 300mm x A2 200mm x 0] 250mme] Z|ogdl A& 2] ujt
7 9 8718 A ARk ol Eof o) Fado] o] ofe) ojnm WEEL
AL WAtz Qg 2A &, wieEFS s 8719 sk 50mmE HelolE
(perlite) ol 88 Ml53S 24T 2otk 34 TRt EFogAAT 35
LAZ(FA R, 2007)5 7IEor TP w2 BFS YEHd ofd(Zn)i} H(Pb), e
o] Mot 1 AT FERCA) LR AFSAn FE5 iR S
o} ofgloll TiE AT FHE SAFHEAY, 200)7 7|29 AT FEE FEA S
7|= 2. & (Anthony et al., 2006), 0(Control), 100, 250, 500mg-kg‘1(0]3]-; Control, 100,
250, 500) 5 U] ) Aok TSt kel ATl RS STl

Jl-)

ox Mo

NEARE 20099 290 A 12em3HEY] B]u)5E FYste] 14U LAA %
AR 2094 S8 2428 $F4E s ele Al 10714 A58 4
ahe] 20094 97HA) oF 7 ULt AL APL STk AP LAY ARxAL B
w7 22044.0C, H T 5045.0%, ‘;& Zoto B Fr= 150~200 #mol'm’ 310]9&
I, Bt 5ol 500ml% & 28] AT ARTE SR W ste] $4

t}

Aolol] od WeusE X85

g Ans] o, 2 A7)
o olgHE AN H, THolA
g4 A7}EekAzio] Hol 2 4HCone.
HNO;) 10mlE 7}3to] 24A417F WAt E8ff Q1 Ternarysolution (HNOs:H:SOx:
HCIO; = 10:1:4) 20mlE 7}8te] ZHA A7) 71 1h9.7] kS wj7hx] Aoto] 7hdata A3
t}. o] &8 No.5 0434%] (Ashless quantitative filter paper, Advantec, USA)=Z o3}
3 F ZR4Z do| Hul2 50mlz HEo] % AghEelRn} Wkt A\(ICP-OES,
Optima 5300DV, USA)E HA3519h
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2 & No.5 o]1}X|(Ashless quantitative filter paper, Advantec, USA)=
A3 &, FrAgEetznr W A|(ICP-OES, Optima 5300DV, USA)E 43}
o
AN

3) TF(Translocation factor), BF(Bioaccumulation factor)

AR} 2|5 7he] Z<4: 2= B|(TF; translocation factor)?} 4] E4|¢ &

T H|(BF; bioaccumulation factor):= Al 542 54 451 EY U

AA e HogFes A2 Z8E o AT 5, 1998 F4F 5, 2011). & A+
= Al 7HA S50 AYseE® AlEAuEst avE B, TF= 2453l o]

of TF= AFF/ASHES] S5 5=, BF= A=A/EYY 55 == AT
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ofAEZn) A ol A= Al sErt wobdpE HlB| S A4 ol A (Zn)dH
Wol e Aee AT gz (Control)ol| ¥]8] Zn1003 2] o] 4 70mg-kg” |4+
24 whd, Zn250%) Lol A= 30mgkg!, Zn5007] ] ol A= 15mgkg = HAF 7
it} 3, 7t=w(Cd)A e F-9, Cd100, Cd250, Cd500914 Z+zF 60, 71,
7amgkg w02 AEH o] Asrol T Aol FsA| ggro, sEo| e
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Pb2509]| A= 6mg-kg‘10], Pb5000]| Al = 19mg-kg’1i, Control¥} Pb100E.t} Z71Z0| 7
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R
Fastolr. oled dat obdlo] B Y B84 FR&OR, ARARY o

a2 1 Zn, Cd, and Pb accumulation(dry matter) between initial value and final value

in shoot of Hosta longipes planted for 7 months treated with different concentration
heavy metal levels in soil. Each value is the mean of 10 replicates.

(mg/kg) (mg/kg) (mg/kg)
250 80 25

—n —Cd — b

— - initial value 60 = = initial value - & initial value

2) Xlots

H[H| 5= Z|5HE o] 79, ofd(Zn) A 2l Ftol A= A es7t o= v Aoz of
ol HZoFo| Z7tE 9tk =, o 27 (Control)ol| A 50mgkg”2ld] B]3l, Zn100, Zn250,
Zn5004 2] Lol A Z+2F 170, 700, 1,000mgkg’ o]4re] F< FheFo] A& E o] A3t
S7HIE Bt 7tER(CA)A 27 E5F tiz2-te] B]3] Cd100, Cd250, Cd500]
He| R ZhzE oF 300, 460, 725mg-kg”’ oA A FHEo| A AEE o] ot A g et &
ARt e BT 3, g(Pb)A 2l ol A= ) 2F(Control)ol A= 15mgkg” o4,
Pb100, Pb250, Pb5003] 2] Lol Al ZHz} <k 20, 46, 110mgkg” o4 HEH o= N, T}
FTaEA ] Hs) Aoz AEFS AUAT, Hesrrt wobdaE Hg Ao
2 F71 A3 fARE T E 2
23k A Fel St o3t J(Ph), 7F=H(Cd) H +=2(Hg) 59 2] A
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th= Muramoto, Oki(1983)] A Aol w53t Fge HYch E3, 29 9
QoIe X0l Fed WANHY FFE TS AT 2w, £ Y AER
BE7 B4R Foko] 7RIt sto] B Avlel §ARF AXE HolF: k.
b oz B o un|%e] Ashiel A ofdl, FER, el AEoFel AR &
oridl, ol £ We] Fa&u AWHom Hahe ASHEI AR o] FA o]
tha ol Wezo] ojao] Gol@y] W Ao gherEnt

| 12l 2 Zn, Cd, and Pb accumulation(dry matter) between initial value and final value
in roots of Hosta longipes planted for 7 months treated with different concentration
heavy metal levels in soil, Each value is the mean of 10 replicates.

(me/kg) (me/ke) (me/ke)
1200 800 120

1000 — 70 700 —Cd 100 — b
— &= initial value 600 = &= initial value ~ = initial value
500

300
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3) TF(Translocation factor) &4
oFA(Zn) A ] tol| A A5k A BHE 7He] £4H g AwE Aal, Znl00A 25t
A= AY BIE Hle2 529 B, Zn2503 Zn5004 2ol A= HA| 4% F
AJBHEo A 90~100%=, A AHFET; A sHo| A 2= &2]o] o] Fo] XAl QlEE& Ko
FATh ZIEE(CH)A ] F2 9, 25 A Lstal Cd100, Cd250, CA5004] 2o
Al B A SHRo| A A E 9 oF 80% ol AASte AR EA I "(Pb)A g
T A BHLo A FAE0] 80% ol e® UEeY, At #5575 ALY
=A% v]|go] A Z7HEAHY 4 Zx).
it om AEA W F55 v AYFEG ASHlA 108 F= 2T
(Chaney et al, 1997), 71 o= FTa&ol die WA 7% 5 stuz, 7Ha4 B2 &
o] SEES AsHtolA AGHERE olF 9 BujAH =N Fa&o] AsHtoT £4|

o} Z7]o] B4 W7t Lehb AL HasHA7]7] Mol HEA, A3
groh e A

S

2003). o] %17](2002)+= @AMAIVEQF WU B o g4 58 B}
AE T EE S5 (P dif=ES Helo A gt B skt Bk (2007)




< H LAEYUA BT o7 A 2 el 714 dEve feld o
ol A E, 271¢ ool S45HE ¥ vre EY & 2d9d | &= vlst
S7HAl r oy | E Fieol vl st St ATHAL shlTk Ak £](1998)
<= 7I=H(Cd) =7t Foldes 2E2Fo AR} At FeEE SUIeE
o, ol Su52 g8l A=l o8 7t FHe] Sallmet SETel o3 2
AE7] wiZol=hal sfAshal vk S H4(19%6) 2 dEAEe o8 BEY
Wel S

5] g Al @ o ok SRR TS 1154 A= (hyper-accumulator)

= = = = wj(Chaney et al., 1997), Z|3}5

AgRE Z o] 5t LSS

[R=R= 1 = R R B I B et

ofie EALtal A|BHRo A A FERE O] ool FrH o R ofdA R Fol 7t
=1

LAA At AEHe HEaAE B840 weS HojEtal stk
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| 12l 3 TF (translocation factor) ratio between shoot and root of Hosta longipes

planted for 7 months treated with different concentration heavy metal levels in
soil.

100% 100% 100%

80% 80% 80%
60% 60% 60%
shoot shoot shoot
40% mroot 0% mroot 0% mroot
20% 20% 20%
0% 0% 0%

Control 100 250 0500 Control cd100 Cd250 Cds00 Control Pb100 Pb250 Pb500

a /n b:Cd cPb
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1) E W MAZ

HlH] 32 A EF W o} (Zn), FFEE(C), H(Pb)o] AAFL e}t =42
Z7Vetde). ol AZn) A ol Al T 2TE7F 12.2mg-kg ™ 18] H]8ll, Zn100, Zn250, Zn500
@] ol A Zhzk 315, 1,190, 2,263mgkg’ 2, A2l w7}t ot 4= A A o] st
A 7= A FFEECh)A T Ao, HETF7E 0.5mgkg’, Cd1009] A
854.5mg-kg”, Cd2500]| 4] 1,216.6mg-kg”, Cd5000]| 4] 1,471.7mg-kg” & A A=ko] A} &
7bEl Q). gh, wH(Pb)A] 2] Lol Al = th & tol| 4] 0.435mgke”, Pb100o]| 4] 30.59mg ke,
Pb2500]| 4] 74.67mgkg’, Pb5000] 4] 246.21mgkg & HelE w7} =242 Bk Y
o] AAZe] LAsHA F7HE ek

de71, ded, 231420109 TRt S5 Az S
ol Wit ATl oFA(Zn)e A2l B W 27 =7} 0~1,000mgkg” ©
NAE EE7t S7HEo| whet Al Aol S7ksht 1,000mgkg” ©]4ke] 5ol A
A3ttt skqi) e, BE9F U 7FEE(CA)Y 27]%5%(0~100mgkg ) 4]
ZI=E5(Cd) =4 Hxof 4= A A3t} (Brassicaceae), ¥ 1} (Poaceae) 51}
Ew 4 Y Aede 27] 7tEw w2 MHA s SUEeE tEEe
AAZe] gAdstA Foblttal skt E(Pb)e] F- 27]s=cl BA QO] dFE
1,000mg-kg ™ o|atoll A A A& Holi}, oF 2,000mgkg’ 042 Fmo| A A Ao
G243 ZAagteta stgct ¥hH Ghosh, Singh(2005)2 B9k Y 7EE(Cd) 27|15 %=
7} 200mgkg” ool EW, AEA Ao A S Fv, 7H=RO| A A E3F Wopxl
thaL skl F9GaF 2011)9 "W H e $54% F55 AFlds EG W 7tEw
ol W Afole EY W AAsol oeu, Egl 7t=g Il we deole
AAZe] Arks A5 =253tk 2 dFolAE A4 wigeE | 5% Adsx

= FaEEe] 7oy, AEAY As SRS S o
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13 4 Zn, Cd, and Pb removal in soil of Hosta longipes planted for 7 months treated
with different concentration heavy metal levels,

(mg/kg) (mg/kg) (mg/kg)
2500 1600 300
1400 250
2000 mzn 1200 mcd mPb
1500 1000
800 150
600
400
200

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

2) BF(Bioaccumulation factor)
EF U S5 AALEE Lot7] 8l A=A W S84 =4 EF W 55
4 = 7o) BF(Bioaccumulation factor)& H|EASH A1}, 245 £79 Ads
o wet o2 A Btk %, ofA@mATANE A EEs} Bold4E w
oA AEAR HA == vt A B, 7FEE(Cd) Aol Al t 2ol vl E)
oF 30% ol A=A A %4 0}‘% A2l wE Apol= FHYoHAl &tk H(Pb)A]
2ol Al ERE oF 40% o]t A=A oA FA7 ALm Yoy, Aeskof u
= polx 2] gkl
ofd(Zn)o] 7t=wut ol Hls A=Aof ot FAEo] AXPH o= ool E
soz, ABAz ool W] el Ao o HHh £,
&S AT AZI7E 9ol A= AZI7] el Ao r
glo@ gy ose Bl BolurhE, ofeg Whge o dH Eopol] 4]
Pedk SAZEAE BAS 4 ol We SEo $34S A
2Hstels Ho2 ARH TddE BPEhT nsE HeY SR G
=40 &3t F24E0] 30% o]deleh= A
oJ A

S
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12l 5 BF(bioaccumulation factors) ratio between plants and soil of Hosta longipes

planted for 7 months treated with different concentration heavy metal levels in

soil,
a /n b:Cd cPb
IV, M@
2 oAM= AAAEE WETHA7E =1L, YA o] gt vlv|S=E A st ofdd
(Zn), 7F=+(Cd), F(Pb) 5 Al 7HA] 74 5% Ao w2 A=A419 4=
EF U F55 AAREE 7o 2H 24 Y 5419 a5 29X gk A&

Aeig et Gk ezt ghek A= lsuighEe] 7HEE(Cd), H(Pb), °FA(Zn)
59 2342 Y| 714 HE2(0, 100, 250, 500mg-kg’), 22 A @] sto] HlH|F=S A
ok T, of TR AeAet B W SaS RE AW Et

Blu| S ARl A FFER(CA) T E(Ph)2 w7t TS dEYE SIS

O

U, ot (Zn)2 ZHAE Qe Wh, X|5Hof| A= okd(Zn), 7F=8(Cd), F(Pb)7t s
T2 A2 AZoF w3 Zvlslqnh AlEd AAES 2| stE7Ee] 2Bl
TF(transportation factor)?] 7t dlF& ST A oA 80% o]AFS A 3ltoA =
Atz A2 Yepdth B W S5 AAFS Al 7HA S55 25 ARsErt
¥24s A EG ddHoR Folstan 4BAS B W 34 vEuQ

BF(bioaccumulation factor)®] 7%,
AEAloll ot 2850l 30%
35 BEGOIA 2

EGolA 2

AdA =5 o|ito| &

W Eo] otdEH AR ol ulu| S BE37|o] A7}

At v, TR Hejet =gt

SUE S 2A HH| 2] EET7HsA0] 5 A2 VdEn

of Het 273

otd(Zn)o] S2 whd, 7FEH(Cd),

H(Pb)o] A5

olgel o hebgeh. wheba, ofede] H9
qBA R olFe] AA e AL o]

9 1ol Adlet 5t
e 4B R HHFo| Eof oleet 29|
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