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Characteristics of Heavy Metal Accumulation and Removing from Soil
using Korean Native Plant, Liriope platyphylla for Phytoremediation

Jin—Hee Ju, Young—Han Yoon*
Department of Green Technology Convergence, Konkuk University, Chungju 380-701, Korea

Abstract

This study attempted to utilize various groundcover plants in phytoremediation, using shade plants, which often have a high
shade tolerance for shade urban space. Liriope platyphylla was grown in soil containing three of heavy metals, Zn, Cd, and Pb
under four different concentrations (0, 100, 250 and 500 mg/kg) to determine the heavy metal accumulation characteristics and
removing from soil. Total amounts of accumulated Zn in L. platyphylla were increased in accordance with increasing elevated
Zn concentrations in soil, but the difference was not significant between Zn250 and Zn500. Cd accumulation, sharply
increased in Cd100 and Cd250, but was reduced in Cd500. Increased Pb concentration in soil resulted a continuous increase in
the total amounts of Pb accumulated in L. platyphylla. The total content of Zn in soil decreased by almost 50% in Zn100,
almost 33% in Zn250 and 20% in Zn500 through growth of L. platyphylla over a period of 7 months. In the case of Cd, the
concentration in soil, was decreased with 10% in Cd100, 10% in Cd250 and 33% in Cd500 through growth of L. platyphylla
over a period of 7 months. This results indicate that more Cd was removed by planting L. platyphylla, compared to Zn or Pb.
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% 71, &= soll 'E e RashHA SAEoIU Al
L= £ &5l Aol FFEAY 2= of
F SOo= olFHo] HFHorE o5 HFITE @
7oA FA ek o]of wet Faol LHE EY
SAo] HrPERA 19964 HE] 234 0 k|
ek EH-9lo] o FakE itk 5, 2011).

Fas LAY LHY AA= A B2t
A e AEH A7 eR Uss o S, 293
SHA 0l EGA S e wiet Alg it e o] 428
F|a1 22k Ho| 'HAYE 4= Qo &S] Ae)7]eS
AlE 9 AES o] 85t B RRE faftl
FEEE AA, 3}, 53t 5k Aolch o2t

S BAA AL Mg A oo et B oF
foleh= thast o] Qlok ofof Ztoll= EE 2
AL HEe] e HE ol WS THR= F
AL RS olgslel $4E st
Phytoremediationo]] T+4lo] %1 It Boonil}
Soltanpour, 1992).
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moluct Fasich Bk 159, WhEZ, §94
A GOz AR FTEYAE ST glo] e
5 Balo] QEI, ofo] MEE-S AR A5}
B2 4ol Zste Bzt fola wA ) a8t
o) digralom Fusls AREe SEolt
ok, olenct ) 2] g 2g4o] %7
2ol =A7]E F sl AlEsh o) At =
AL 7L Bk 2T Sa4S tFo R 4%
4= Q= =2 A E(hyper-accumulator)of] thgt 34
o] FolA| L QUrkal & wf, A W Eo] B TS
4 9 AAGS B7IREe =M, e A7)
& AEaA R o871 & EolarAt 3tk

43 L 712 300 mm x A& 200 mm x 0] 250
mm @] E]of|H&ll A o] vt} §l= 8715 AR
Aztstelek ol =k ) HelE Fa4e] ARag
71E%t YR 2 A g A sk 9
Folch. shAlut sheke] ujeBeo] nh2 Saujle
Sefstel, QLBAMAY THES A= (Hammer,
1992), shite] HetolE 50 mmo| w35 2/d3)
A 5459 TR B ddHAnY] a5
QL AEE 7|¥(Ministry of Environment, 2007) .2
7V =2 TAE UER obd(Zn) T H(Pb), 1L
Q] TG AP AT 7R () © 2 A
ok wak Fad Rl S 23 F34 5
2i{(Ministry of Environment, 2007)1} A8J% H512]
Za4 w2 7|20 2 (Anthony S, 2006), 0,
100, 250, 500 mg/kg(°]8}k; Control, 100, 250, 500)
£ 47 Rele PRste] PefolE 1 QFE( ¢ 1)
of Wjah o] S a5t elek Tabel 1).
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Table 1. Heavy metal mixture weight in mixed amended soil
that it used for planting ground in this experiment

Plots Heavy metal mixture weight in mixed amended soil

Control Non-treated heavy metal in amended soil
Znl100 Zinc 100 mg + Amended soil 1 kg
Zn250 Zinc 250 mg + Amended soil 1 kg
Zn500 Zinc 500 mg + Amended soil 1 kg
Cd100 Cadmium 100 mg + Amended soil 1 kg
Cd250 Cadmium 250 mg + Amended soil 1 kg
Cd500 Cadmium 500 mg + Amended soil 1 kg
Pb100 Lead 100 mg + Amended soil 1 kg
Pb250 Lead 250 mg + Amended soil 1 kg
Pb500 Lead 500 mg + Amended soil 1 kg

2.2, MEN=

2009 29of A& 12 cm3HEe] W52 915}
of I7HE7 Axtistal Hg-2AolA &=3tAFIth
2009 3Lof Z}7to] s = 2 AT vlglEo
W2 AAste], 99717 oF 7L ASAES
zlagstgict. AT o] wixH oz ZF A
T 1024 FAlekoct Ad 5 249 s xde
BHLET} 22.044.0C, HES 5045.0%, S E<10]
Bt BEE=150~200 zmol - m” - s 0], T
AUl 500 mLA F-23] AABH T
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mLE 7|51 24/\]7} —Q—BH/\]?:]]:]- o]_,_oﬂ Hgjofo]
Ternarysolution (HNO;:H,SO4:HCIO04=10:1:4) 20

£ 71sto] 27|17 LhoA L w7k Aol
7kgstal AFck o] 8HE No.5 ofi}x|(Ashless

A RA A B

54 24 9 5 U AA 54 63

quantitative filter paper, Advantec, USA)2 o3}5t
F FRE Hol ¥lE 50 mLa wiEe] §EEY
Zetxul W3 A|(ICP-OES, Optima 5300DV,
USA)E ol g5to] Haslaik

S U] FE4 AL AUT ) ERS tpos
20k o2 AL AAG T AF5t0] oA 2771

1=}

F83) FAAC A% 72 mmAZ A4 B
19 F2 Eejolgal Aol B Yol ghao] B
slo] A ARE AT Eope] 2A|9} 3t
SHAE 9 FE A B AR AR

(Ministry of Environment, 2002)°f] &35}o] £ 10 g
-2 IN-NH,OH(pH 7) 50 mLo]| ‘2.2 & &}e2= /el
(100 B, ZE 10 em) S ARLE10] 30 T2 A 5HHA]

1AI7F Ag3t the No.5 o1}x|(Ashless quantitative
filter paper, Advantec, USA)2 o33t & S =23}
Zegpznp 9yt A|(ICP-OES, Optima 5300DV,
USA)= #A4]513ich

TE

3. 21t =

an

3.1, EQF pH Hs}t

WEs A A B9 pH 2718k thzTto] Bls|
7F=8(Cd) Aol = 2 Bh, H(Pb) A eflA
© oRE =3 oF(Zn) Ao M tiTtet v
e EYpHE Hth dibA o 7fEgo] goiee
EF pHol A g o]E A olu, o] FAJo] H| 1 Z]
=2 HolghA pHZE 60174321 2 A f7]&0]
U H =33 Mn, Fe, Al AFHE2} ohas oFsHA] 29t
517 Eth(Hong &, 2013). HHH oA} T2 E]
58499 Fa5eE, B U9 =S 57t
AR ez 7h=g R A UElRdt 2o = s En)

o, s AA $ =9F pHO HFH2 2714k
o vl H¥kA o vrolx|= ZHgES Wik
9] AL %7|3ko] pH 6.155 Kol HbH, ZEZhS
5.82% thA ASHEIL) £3], 7I=F Cd100A4 2]+
of| A =< pH 5.81 2 71 1= 4k, Pb1004 2|9
A E9F pH 5.152 71 @& 38 2 tH(Table 2).
E pH HF2 %5:—{%7&4 U g = B
Q](National Institute of Agricultural Science and
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Table 2. Comparison of soil acidity between initial value and final value in soil treated with various heavy metal concentrations

grown Liriope platyphylla

Value Control” Zn100 Zn250 Zn500 Cd100 Cd250 Cd500 Pb100 Pb250 Pb500
Initial 6.15 5.97 6.04 6.10 5.83 5.80 5.81 6.33 6.31 6.36
Final 5.82 5.49 5.38 5.56 5.81 5.52 5.36 5.16 5.28 5.50
“See Table 1.
Technology, 2007)%] pH 5.5-7.0 2.} thi W2 73k WEE 2|55 2] AL Control, Znl00, Zn250,
S Byt B pHY} =olAH EGF Y| S =ES Zn50000| 4 ZFzF 112.1, 240.8, 267.1, 571.8 mg/kg=
SHAIA Fotd ] Fasoles gA FRAIHeR AFHo] mlsf A|ske] A FFo] otk ZF At
#5817} =7 Tel(Hong <5, 2011). whehA], B].2 ] o] A2 tfzto] H|gke] Zn1000 4= 2.14

A B A9 B 7 s EF W TS
A7} SobA o Y27 gol Eri(Jung 5,
2004). 2 Aol A Eof pH7} 2|Fgho] 271gko] v
3 Wod A2 AE W] SA0 B o] 2t
Fof gt A o2 gkt

3.2, AEHo| =HE

ot
o

3.21. 0f% (zn)

UWEEY ol HAYEL BAT ATk Znl00 <
Zn250 < Zn500 <=0 2 o}¢] 7} L Qs =5}
AL, E3] Zns00A 2ol A 714 ket AAko]
AL )= Zn100, Zn250, Zn5002] 2] Fol A ZHzt
14.3, 19.55, 85.75, 254 mg/kg 2 ZAFE|Q)c}. o]i=
59 ofAFAFo] TRt Znl003 2]t A
L 1368}, Zn250 4 2]l A= Sul, Zn5003] 2]5Lo]
A= 1641 B S25 A 0= ofA 9] Hes=rt &=
S4E BEE] Ao 2L okl EH &9

=

[ms/ks)
300 1

250 1
200 4
150
100 -
50 l
o mmm N .

Zn100 Zn2s50 Zn500

Control

(a) shoots
Fig. 1.

), Zn250-2- 2,38, Zn500 5.182] Zpo] = K glo
el bl 57t 52es Ashnel ok A
T3t wolAlk e 24E $34 PG vleow
B0, ofgd 212 2 AR HTHS A5olA o]
FolA|= A 07 ZAFE| QItKFig. 1).

ko ABA W Fak Hrl Aruc
Aol 100 Y wAh TEAAEL AAR
£9] o]5o] & o|Fof A 1L zfo|7} AL YA AA]
oro Ao g A A tHChaney 5, 1997). o|= =
=50 g WA 712 5 v, 7 B 4
FToEe AsHtolA AFRE o)F W BHujAHeR
A SaLo] AsHtolat S22 o] 270 =/d a7}
Ueltbs AS 2a3kN717] fJsliA o]t Choi 2}
Chiang, 2003). WEE2] 59 oele] o]354o] $5
S e okl HABE e FET AUSE &
ol AL Bsiich

3.2.2. 7lE& (Cd)

Imsfkg)
700 1

600

500
400
300 4
200 4
0 - T T T

Zn100 Zn250 Zn500

Control

(b) roots

Zn accumulations (dry matter) in shoots and roots of Liriope platyphylla exposed for 7 months treated with different

concentration Zn levels soil. Each value is the mean of 10 replicates.
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W25 AV 7H=w F2A92 Cd100, Cd250,
Cd5003] 2] Lol A] Z+2F 117.7, 226.3, 278.4 mg/kg ©.
2 UERh ol Cd Al sert e Wit A
Ao ZARko] S7bE|U s B s ZUMA7E
E3E Q) of2fgh Aik= Ju 5(2011)0] EAJo]E&
FeEE W] F o) S 9 Sa45 SAsS 24T
A B W 7t=w ol =55 SAge] $7F
Azt gx)Eckar sk

L Z)5REo] 2. Cd100, Cd250, Cd500% 2]
Lol A Z42E 304.4, 649, 1,036 mg/kg= A|AFEo| H]
3 =2 SHFS Bt o= dixtol vlal 42t
304.4, 649, 1,0368] =73+ o7 7=k Ag)EE
7b woHEaE S AFReE fARE ke U
ERich ARl AJ5HEO] A 7S Bl o, A
SHRA7F AO] of 3uiAE o SAHS g1 4
AT, TS Wit E o] AEA W 7tEw SR of
AZn)} vlas] & o, vie & SHFS Holtt
(Fig. 2). A¥FA o2 ASA W T5% soe AT
e} ZJskto) A 108 = Erhal & wj(Chaney -5,
1997), WZ-5-0] At S22 vll-9- FHofurar
I=ei=g

ol2|gh Axk= FFA Aol AYsh= S e
B ZaEY SHFS A dat, )Y Ao
Q1w ) wrhal 3 #(Cho, 1999)3} S-A1sch ®3h A
FAEQ BAE(Iris pseudacorus)®}y FE(Acorus
calamus)®] 7Y=5 AP FE7b S7F6taL 7|3to] 4
o] HLE AEA W SHFF] STk, F F A
AR HET= A5 S2o] FERR] o' ARG

2o

Imgfkg)
300

250
200
150
100
i I
a T

Control cd100 Cd250 Cds500

(a) shoots

THLee2} Song, 2011). AJAHL2] 0.01% oA+ &A1
g Q)= AJBS mEAAEolgkal & wj(Chaney 5,
1997), Trfo|F= AR 4t 1,000 mg/kg (Brown
T} Angle, 1995), -e}EabEo}l Al 77} 1214,
548.1 mg/kg © 2 (Lee®} Song, 2011), wl-¢- $-4=31 7}
T A EE dEA ot

ueba], 325 7tew 2ol Azt B et
Phytoremediation #-g-A] W25 3} Al
E2H 77 e Zl o2 At

oM.
ol
fr

323. & (Pb

WSO o SRS EA AT, AeE gl w
Tt 55 AEAU SA% B3 S7HESITE A
AFELO] A0 Ph100, Pb250, Pb5004 2] 510l A] 7}z
1.85, 1.45, 1.65 mg/kg & Z7FE] gl o), A=A i 2
Hape FpeiolL} oflo] ujs) Salsta) ekslek.
3 o] ST o) A% Eope] ye) o] uf
2 20| AL EelshA 2715k el

A|5HEo]| A= Pb100 ]| 4] 40.65 mg/kg, Pb250 0] 4]
95.25 mg/kg, Pb500°]| 4] 144.4 mg/kg= tjjZ+Lof H|
3 14.261], 33.424l, 50.66H] = EoF W] A|H F9
3wt R4 A5pe] ZHF EF wsrh ol
3 gho] ekt At Sl kokd AL
Ao, oflo]ut s 5o vla) wetckFig. 3).

<& 3124 A E(hyper-accumulator) Q<=5 Z|AF
520} AJ5}30) Z27jol7h 79| ik % ul(Chaney
5, 1997), Atie] ZHo] Eashhs Ao Wel
5B S "(Pb)o] AFRE & ol 5shA] il
= omRithal sl Kang} Kim(1996) A&

[me/ke)
1200

1000
800
600
400
200 .
a T T T

Control Cd100 Cd250 Cd500

(b) roots

Fig. 2. Cd accumulations (dry matter) in shoots and roots of Liriope platyphylla exposed for 7 months treated with different
concentration Cd levels soil. Each value is the mean of 10 replicates.
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a T T T

Control Pb100 Pb250 Pb500
(a) shoots
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160

140
120
100
80
60
40 A
D
a T T T

Pb100 Pb250 Pb500

Control

(b) roots

Fig. 3. Pb accumulations (dry matter) in shoots and roots of Liriope platyphylla exposed for 7 months treated with different

concentration Pb levels soil. Each value is the mean of 10 replicates.

ol 83 EOF %24 450l tiFt A7) Aol 4] ute)
7} ZA3E F 24 A(Fe) > ot(Zn) > TE(Cu) >
(Pb)2) <412 Lpepth. Eat mokel] 2 ot A
R|o] M| Ro| A o] 4 kupo] AEA o] 2
Bt 955 £9-2 o 4 olrk. Park(2007)&
of & Eofol A o7lAthe B ] we] s}
271l wet 245 we) gego] Z7aha slg
o}, 3HE, Ju 5011)& WA Fe) 2852 mof
] SOk EAJo] 2 Agke wlHITtaL slod, ofof
gt 371491 177 mekElofof 8 Alo]ct.

33 EY LY

2% HAHE

3.3.1, Ok (zn)

O A7) 0 o U] ofele] AAee Al
AT}, Zn10072)7L0) A 525941 230.6 mg/kg® OF
122 =9ttt Zn250x 8o = 1,552004 414
mg/kgE OF 1/3.0.2, Zn5004 2] 7Lol Al 3,0400]4]
618.2 mg/kg® °F 1/52 7143} tH(Fig. 4).

ofelo] 7hegol va) ZHaeol Shelslx] g of
fre B W 284 a5, HEAIRY oldAd
= 7] el Aoz s FT) S| of el =5 4]
0| TAF ol F- B ASANE dovle

274219 1¢10] Hrklung 5, 2004).

(mg/kg)
3500 -

3000 -

2500 -

m100mg/kg
2000 -|

250mg/kg
1500 -

W500mg/kg
1000 -

500 -

0 -

Initial value Final value

Fig. 4. Comparison of Zn accumulations between initial
value and final value in soil grown with Liriope
platyphylla.

3.3.2. 7tE& (Cd)

W A RS ] hee] 2713kt ke A
R, Cd100A4 2Tl A= 1,0900]14] 265.1 mg/kg O
2, CA250 4 B]Lof| A= 2,577 | A] 546.7 mg/kg O =2,
Cd500 4 g]Lof| A= 2,364 4 765.9 mg/kgo & Z+
1/5, 1/5, 1/32 431 thFig. 5). 7I=E2 A &
w7} ol A4 BoF | A7) AslE= AL &
A = 3o, AFE AL gl 3
Sk ool vl 7H=w2] AlA %ol =9kH ol
© B oA ele] Fejz2 EAshs 7H=wol

< Fa5ol vlsh vaa F571 §olsfi(Hong 5,
2013), Al=ARS olgAdo] w3V] mWiedl o=
(Jung -5, 2004) 34}



G S B A A B

(mg/kg)

3000 -

2500 -

2000 -
m100mg/kg
1500 -
250mg/kg

1000 - m500mg/kg

500 -

Initial value Final value

Fig. 5. Comparison of Cd accumulations between initial
value and final value in soil grown with Liriope
platyphylla.

3.33. & (Pb)

W AR Eckel o 2719t HEgHS vl
& A3, Pb100# 2]7-9] -9, 271gko] 34.28509] A
Z|£Zko] 0.85 mg/kgo & OF 1/400.2 7FA31Sch
Pb250 % 2| tof A= 271gko] 79.635°14 kol
5.35 mg/kg O & OF /152 Zol5¢lth 31, Pb500
Aol A= 271gko] 224755014 2|Fgko] 9.45
mg/kg & 7H45t0] OF 1248 A7HE 0 5 o 22l
Tt #&E AAT 3 vlEehs A3 Byl
(Fig. 6). T3 7}=40] v]a) Helsmrt Eox)ehe
ESHEA] AL FAsHA AlAEE & = UMk

(meg/ke)

250

200

150 m100mg/kg
250mg/kg
100
m500mg/kg

50

Initial value Final value

Fig. 6. Comparison of Pb accumulations between initial
value and final value in soil grown with Liriope
platyphylla.

$o) 584 54 % =S Y A 54 67

FoAZn), 7H=3(Cd), HPb)el thet =
5o Fa4 HA% B ) AR Bt
Fo2H, A% ABARE o §7HIE ol 1t
35t th 3459 HEsE= 0, 100, 250, 500
mg/kg 5 471 SEE TS} EGto], BREL
A 3 T4 ek Aulste] ABALY &
o U A7) ol S HAlstec

o] ofol ZAere BAg Ak A2 ofal
Bt B4R Z/IS, ASHrt AR
ARHOE ok SR B AelrEst Bo
5 ZAjso] 7l WEER 448 /ML £
shelglon], Mokl e oF Sup A B %2
o=, ThE AR (AR Sl Foluith
Eg BEo] ABA U 7HERL okl Hg b)
3] 2w, W 0 gk ek S, W S
° A gl Bt £24% ABAW HHF E
3k B7HE 2L APlo|L, ThE o] Hl3) stetst
A) ¥tk

W A 5 =0 pH| AFghe 717kl vl
A 0.2 VolA| s 29k B W A &
E0F 1 ofele] AAHE Helsst Bohs P
At st o ThEgt o] Bhtat Xjol B
ol GRSITE. el B9 A BT} HeE A
E3h wleshglom, Tkl Hls) AelsEst He
Aok E8ke] ) ok 2ol A A= gk

whehA] WS Al Eo ] FhE et ok,
© A FErt ES5F thRTo vs) F2HF L A
Aol fob FE4 UhA Emetallophyte) 02
ol 7hssti, 53] ABAY =R HHYS
BELE R R R CER )
k. $HE, B Aol A WIS A A}
3 Z7jo] e Ao} BIKkel S Aol
HE ST F34 09X tie 3711 Fa%
Ak, AT T AL Basieh A
BFo] a4 WARES tiet dEu AuAe @
A G4 ol7] QAL AABRAEANAY 4
FA77E A4 02 o] ol Aol B o]tk

=
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