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ABSTRACT

The contaminated soils near abandoned mine area can threaten human's health and natural ecosystems through multiple
pathways. Remediation of contaminated soil using physicochemical technologies are expensive and destructive of soil
environments. On the other hand, environmentally friendly approach that maximize biological remediation, that is,
phytoremediation, attracts attention as a low carbon green growth technology. This research is a field demonstration study,
focused on the enhanced phytoremediation by bicaugmenting PGPR (Plant Growth Promoting Rhizobacteria)that is
helpful on the growth of and heavy metal removal by Echinochloa frumentacea, at a Zn contaminated paddy soil near
SamBo mine at Hwasung, Kyunggi. The results showed that the zinc removal by the plant with PSM (Phosphate
Solubilizing Bacteria), a kind of PGPR, was three times higher than that by the control. The results are valuable as it is a
result from the field-scale technology demonstration. The results also implies that application of PGPR can enhance heavy
metal removal from contaminated soil in full scale phytoremediation using Echinochloa frumentacea.
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2006, Lasat, 2000). tHH22] H&3ZL Ni FHFoln,
30¢99F°] Co, Cu B Zndl Uisld, 2]y EY Zo)
Mo} Cdoll sl #H&5AFoE BuET Yt} ol E
& FE5YY TH UAEZEQ Pbe HAEAFL 4Y
A UA YrthReeves and Baker 1999; Lasat, 2000; Wang
et al, 2006). FFAFL Yutdo g A go| 23 FF
£o] We EAA o] FEgog s AEe] AHx Y
A EAdo] UEHAA] rol, @A ] AAA T AL
H 7%= v$ EEK(Nevel et al, 2007). 3], =}
A AE FollMe FE5HFo] Hag bl g7 wiol 9
A ASHETE ASTTE A EAEAlY 2T BT
F ok v, AR FANELE APE FF59 FEIH
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o A F 2B 2% FEE T8 Fhde T
o2 Plant Growth Promoting Rhizobacteria(PGPR)E-
A g3k Hjte] ®ol AFHI Ytk PGPRS &S ¢
o BT BEe ANt o2 REe] By 94U
28] AHE BolaA 31 AEAE AWoaRE BE
stAY @stele 9EE FTH(Zhuang et al, 2007).
PGPRS A4, phytohormone At B4 &k 84,
gAY E-2 siderophoress} chelating agents A4kl 2]
AT SETA T PR A8 A3E F18)
= AoZ BuEH

EF el e tFst niAE Sl PGPRE F-55)
© B aAEo] &3k= %2 Pseudomonas, Azosprillium,
Bm‘ldlolderia,‘ Bacillus, Enterobacter, Rhizobfum, FErwinia,
Serratia, Aléaligenes, Arthrobacter, Acinotobacter
Flabobacterium 501t} o] FolA  PSM(Phosphate
Solubilizing Microorganism)e PGPRS] Y& o2 €49
£ o|83l f7]14Hgluconic acid, malonic acid, acetic
acid §)g AN § EY U E84 AUEE g5k
‘7ol ARggith psMo| AAske A7k HAES &
2 Aol wiE} st lo] JMEEEE F23 7
A frlate] s o]fojzith. 22dk frlieRE
glutamic, 2-ketogluconic, lactic, isovaleric, isobutyric,
acetic, glycolic, oxalic, malonic, succinic acids 5°¢]
ThRodriguez and Fraga, 1999). Kim er al(1998)&
PSMER] Enterobacter agglomeransg ©183F A3 oljA
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A% 2 phosphatase &3¢ =Y & Uk BIsth
Hoberg et al.(2005y Pseudomonas fluorescens PF-5%

goethited] FHANZ A& olgsle] wjgR A}, WAE

o] AikillE T8 F714k0] citratedl! RAOE BN
t}, ool Wkalo] Burkholderia capacia CC-Al174% gluconic
acidZ® AAlske] TCP(tricalcium phosphate)S -8-3]A]7]5L
Atk F8g FL vjAEe] A3k friite] A o9
9 g F&= 43X E F dvke FHolth. PGPRYU
Gluconacetobacter diazotrophicusE glucose 3-& sucrose
S @ag02 819 Zn0, ZnCO; L Zny(PO,),E 77t
Fovetz ¥ As, Zn0o &3 =7t ZnCO; B
Zny(PO,),®) B3zt & A& vehdrt ol& &3l
3 #7142 GC-MSE #4188 A3}, S-ketogluconic
acid®} pentonoic acid= B3} % th.(Saravanan ef al.,, 2007).
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(2001)2 <Qite] ol ARl AR EglA EEd
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Fig. 1. Map of the experimental site.

oA AT HedEd @EFAE Protocold] &7Asld E
e ZEP] AL B3 FAE A, viFE 2y
< AAE &, AEAG S AR AdTFe FAET
(Control), PSMA|Z|7+ 2 EDTAXE|FE &3l H&E
gstar, Al o ot F345(Zn) 4 9 AA,
PGPR ¥ EDTA® 9§ &34t S EHE v)wsl
o} &3 PSMA|ZFF Control®] ZAAS A3} 30 cmE
iy HdS AREe F AT g £9 oS
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2.2. PGPR 0| ¥E M™

King B #jAe] 298 Y =ESE HENY 1A=
oF 2090%9 EFRRAES it 223 nA=2
el(P)e] A|3tEl= NBRIP A whA](Nautiyal, 1999)°)4]
2212 wiFstATt. §7140s wlEdk] B84 P(Tricalcium
Phosphate, Cas(PO,),)E 318 F U= HAE FolA,
T wiFd F Aol U 3% wAES A
Aot wARte R Ad¥E 3% vAES Ead 500 mL
NBRIP AAWiA7} e B34 §hg-2o) 242t HEsla,
AIZF A3 e pH WIE AT E40] 52
PSM PIAIEL wiE3E 714t 2Rg 08 TUs iy
slollA wljkd pHE 7MY WA §AE =
Folth oo wWigd pHZ} 7P e wE WA=
(PSM No.5Ye HFH oz MAgsigct. £2g PSM vjA
52 B4E 93 SEAAEREAHEKFCCP 2231y
A E x| Cell wall fatty acid analysisy?* 3t A3}
Enterobacter intermedius. 2 B E A},

2.3. PSM F2| % EDTA XZ|

2150 7)o AESE ERrlec] vXe IS
Hrrel7) A8l wEE 7 AE A AN Eg
E. intermedius PSM No.55 224} NBRIPH|R] ol A
1547 wjekdt & AAEY] nAPES FY3e) B
FA F1= 02 pum FVIEER A3 oH, )%
9 L/minc|t}. PIAE wjofle] 842 242+52x10°
CFUs/mL, pH¥= 4.00+0.25¢|3th. 4432 PSM A
g7 ¥ 20 LE B3} s A3k, 13 1LE
ZENE o83l A& hdel AEs). PGPRA
20089 7€ 229, 8¢ 12¢, 99 3 ¥ 18dw =
43] FYsI3irt.
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(50%-EDTA-Tripotassium) 500 mL& 2G=A| &2 @3
AR 1:4022 34T g, 1 m’3 EDTAFSE
0.398 kg® X2 sHATh.

24. EMLY

241, v|AE SN

EY nldE AEE DHA(DeHydrogenase Activity)
2 &4, INT(2-[4-iodophenyl]-3-[4-nitrophenyl]-
5-phenyltetrazolium chloride) ¥ 7PH & ALE-sHd.
(Trever et al, 1982) B 3gol 0.1% INT £9 1
mle} BFF 1.5 mLe FF2F02 F7Isia 37°ColA
2M7E B A vjgE F o'hEE INT-formazans:
228199, %% INT-formazane Spectrophotometer
(DR/3000 Spectro-photometer; HACH, Loveland, USA)
2 9 485 nmollA 27381t @& INT-formazan
& ol&3ldq FAAgsien, vis] Az et

APA(Acid Phosphatase Activity)ZdS 8] AHAEY
& A % 2mm A2 A23, EY¥ 1g9 4mL
modified universal bufferMUB, pH 6.5)$} 1mL 0.05
M p-nitrophenylphosphate (p-NPPy& &3t o}, 37+1°C
oA 60 pmeE T A|ZH FF MGIATE. olF 05M
CaCl, 1mL# 05M NaOH 4mL-2 48k ¢ 3000 mpm
o= 208 T YAHEYSE. AEEE DIWE 104
34 ohF 398 nmelM FEEE YAk (Floch et
al., 2007) 7 3X& p-nitrophenolg- ©]g3le] A8}
{(Demanou et al., 2004).

Soil IAA(Indole-3-Acetic Acidy= A E 2g= 15mL
AAE-E718 vialdl @3l glucose(phosphate buffer 100 mL
F glucose 1g)7} ¥ 10mM phosphate buffer(pH
7.5) 6mL} 1% L-Tryptophan € 4 mLE 7} o4,
37°C shaking incubator®ll X 24A)7F Wi, 5%
trichloroacetic acid 2mL& 718 & 05M CaCl, &
4 1mLg ¥ &t £ ¥ 3,000 rpm
o= 208 ¢ SARYSE, 4BY 2mld 10mM
orthophosphoric acid 0.1 mL3} Salkowski reagent 4 mL
& T8I 25 BEEE ¥ 530nmolA] FEEE 5%
3}t Ahmad et al, 2008).

242 8% BMH

Ed) SE5E EXRGTEANEHE o3l 45t
At AEAY FES FF 2 EAHS Baek et al
(2005)¢] acid digestion WHo 2 BA3GTh AATE 4

B NEE 33 SRTE Al A ol AFEaL 70°C A=
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710IA dgo] E wizkx] ARAIZ] F B9 AGRE
o] sRjalel A ZAstth. o] AlR 0.1 g9 60% HNO;
5mLE 718 Microwave(MSD-2000, CEM, NC, USA)
ojx] Ea&jrz] ¥ Whatman filter paper No. 2 3}
3l 33} FRFE 10mL7FA] %30 Flame-AASE &
B&9) 58 24390 $85 B4 Axe v
9] NISTIA 3R1E EEEZQ SRM 1573a(Tomato
leaves)®] ¥41-& F3) FsIrh.

EYEFE 70°C AxT)oA o] @ wrkA] AdzA
N %, Az BEY 10l 7Y A%ke SAFE A
3= AL (Tessier et al, 1979)9] WHOE A3}
At} 19A(F1)E exchangeable fractiond F&3h= A
o2 pH 72 %& 1M MgClL 8mLg ¥ N &
g3 £ AN 2 AF2)E  carbonate bound
fraction® F23R= 208, pH 52 %F 1M NaOAc
§mLE B 5AIZF EFS F o3 3 BAIF)E
Fe-Mn oxide bound fractionS FZ3= AO=E, 25%
HOAcYl NH20HPHCIE 410} 0.04MZ g¥hE §9&
20mL 92 6ANZF &3S F AR 49AFHE
organic matter bound fractionS FE3H= ASE, 0.2M
HNO, 3mL3 pH 28 23 30% H,0, SmLg B3
85+2°ColA 2417 E8E F 30% H,04pH 2)& 3mL
o Y3 3N EFSIACE o] £4E AT F 20%(vv)
HNO;E 3718k 32M NH,0Ace SmL ¥& & $7/F
2 20ml7A] @] 308 EF F A 7 &
A7t B ol 94Ee]sl Whatman filter paper No.2
2 3317 Flame Atomic Absorption Spectrophotometer
(AAnalyst 100, Perkin Elmer, USA)Z $3&9] TE&
233190, 7+ G4 Aljdle /5 10mLE A3t
o 2ge AasEIgrt. sAAFESE s, 183t H
|9+ residual fraction® F&3le 202 B Aol
E A F006)°) AMSE GFEAHE ARSI AR
0.5g%] 94 24mL(35% HCl 1.8mL+60% HNO;
0.6 mL)E 7}3l hot plateolA] AHE3IA1Z1 & Whatman
filter paper No. 28 33} FFFE 10ml7HA] 25
o] Flame-AASE 349 558 X390 2t F=2
FE&e] FEHg ¥ 3e F5F5(Tota) B2 YE}
i el=
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B g = 19] 55+07%, ¥ 25 0~20ecmoM =
6.3%°10 0 EAlo] ZojdrE 23Y hdhe A
< 29 EY CECeE & 1 2 & 204 ZH7 257
meq/100 g, 15.4meg/100 g2 = 2 = 19 2F 50%°]
ettt = 1 2 2 Eoo] AT Eelslet B4
Table 13} 2},

HE FE870 = 1994 AR ¥ ZolE controlo]
75.7 cmO]JL, PSM A2 7olA 1143 cmBA 1.59% =}
ot wow, = 29 A4 I Aol controlo] 109.7 cm
olREH PSM A e 1363 cmBA 12819 Rjo)E
B = 29 EDTA AHerolXe A4S 9 73_017}
94.7 cmZ controlo] w3 f2]%¢] z}°1?} AT} B
= s AFsA an AolE FHE 4 gtk

3 MAE BE AL Table 29} 7t = 1elA
PSM A2}t A% £ 3.lg, & 27g °14f 27gA

Table 1. Physico-chemical properties of the site soils

28l I Zn LA =EY BT A8 B3

i 19

o1, controlol Hl8} E7)oMe 2.68, Yol 2.3u),
a3 ojAtox= 25HH 57}6}9?\@ B E o 1.8
vf F7HIeY, BRe B & F dRerz A
3t vjzE ofd Ae=w A}E—L%E}. = 2004 PSMAE]E
Q) Ao} controlol] HISt 1,78 F718k HbH, EDTAX
7= EDTA BA428 Q18] control ol Hl3] 23]H
24%\t 7rasidTh, ool xe} o), mAER M2 A
4 = 1PN E B8 29E AEANF] 95% ArE
A FejFor Z7REIYE = 20 E o Aol §9
Aoz Zrlsle, PSM MEAld] HFTE & + Sle A
FR-AF] FUrsks Aol ERIFU

3.2. EQHY O|ME BM= (T
= 1949 EoR v|BE FHEE Fig 2~49] =243}
At} Fig. 20149 7bo] DHAE A= ulgh Zdshe

Site Depth (cm) OM (%) CEC (meg/100g) Zn Concentration (mg/kg) Soil Texture
Paddy soil No. 1 0~30 5507 257420 551.9 Silty clay loam clay 38.5%
0~20 1 63+03 Silty clay |
. ilty clay loam
Paddy soil No. 2 20~40 57+02 154+3.3 807.7 clay(%) 363+ 1.1
40~60 5.1%02
Table 2. Distribution of plant dry-weight in Echinochloa frumentacea after harvest (unit: g)
Stem Leaf Ear Root
1 2+0. 240, 1+£02 S5+0.1
Paddy soil No. 1 Contro 1.2 03, 12 01* 110 ) 0.5 .
) PSM 3.1+05 27+06 27+00 09+0.1
Control 21+06 1.5+£04 22+09 1.7+14
Paddy soil No. 2 PSM 35+09 26+05" 31+1.1 1.8+02
EDTA 1.6+0.6 1.1+03 1.0£0.5 1.1+£03
*p<0.05
00-02 00-02
E £
£ 02-04 £ 02-04
a ]
04-08 04-08
— 08072 m—05.07-22
-—05-10-02 — 031002
0 prs 0 Py 200 0 ) s 50 20
Dehydrogenase Activity (ug/g-soil-day) Dehydrogenase Activity {ug/g-soil-day)
Control PSM

Fig. 2. DHA variation according to soil depth in site 1.
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ZFolg Hol 9t} 20083 790 AEAANE 020
em EESA 9F 120~140 pg/g-soil-day® & 7S Hol
o}, 28] BE 10899 F 50% i ghe Hol
2SIt o] dike AEA7 o3 BEitEdel =i
gl F3E F7] WiEew g} PSM AE
79 Control o4 DHA®] §-914 #3l= ¢lich. APA
v EE AxoA PSM A7} Controt-oilA] Auka o
2.9 134 B FE Holx YrhFig 3). PSM A
T BEAM 783 10890 zHF 500 B 420 pg/g-soil-hr
o]Z ¢t Controlol A= 7€ 10€9e] Ztz} 440 ¥
350 pg/g-soil-hr® YEFRTE TAA HA] BE AEoA
PSM X277} Controtdl] Bla] <F 1.2~1.58} =4 HA25
ArthFig. 4). IAAT HEAGZSEROE T/t w85
£ 2B 28 232 of A PSM A

29 - AT - olel -

Rk

ToA AEAA ] =A vERE Aot Bske Aol
2} #vd). ‘

= 2049 EYvAEEYEE Fig 5794 Zrh
DHA® 734, Awkdog psM Ha+7} 7Fg ko,
o] ©]o] Control 2 EDTA H|+E YelITHFig. 5).
= 2 3EA 2008 5¢ ©]F DHAZ} H¥bHo= zH
&3k AEE Holx Judl ol JHELE s FEF
Fo| 983x] EPe He Wiy YUk E3F EDTA
Aol EDTASA SR 28] okFAE <21 7~10¢
Alololl DHA 747t #A Jelsith APA 5782 7(Fig.
6yl <3t DHAY} 7F¢ &3 PSM A7t 78
e e Rolx 93, EDTA AzlF¢t Control 7+
ME & AolE HolA] Yot tEo] BE AgTolA
EAlo] ZoJHFE APAT} ol AEE Holx Utk

0.0-02 00-02
E E
- F- .
§ 02-04 i1 02-04
a8 a
04-08 04-06
050722 — 080722
o 05-10-02 - 08-10-02
0 100 200 800 400 500 &0 | 0 100 20 300 40 &0 60
Acid Phosphatase Activity (uglgrsoit-hr) Acid Phosphatase Activity (uglg-sollhr)
Control PSM
Fig. 3. APA variation according to soil depth in site 1.
00-02 0.0-02
E E
g. 02-04 § 0204
04-06 04-086
- 08-07-22 - 08-07-22
- 08-10-02 s 08-10-02
o 10 20 g0 40 5‘0 80 ] 10 20 30 40 50 80
$oll Indole Acetic Acld Concentration (mg/l.) Soil Indole Acetic Acid Concentration {mgil)
Control PsM

Fig. 4. IAA concentration variation according to soil depth in site 1.
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0.0-02 0.0-02
E E
02-04 £ 02-0.
g ¢ § 02-04
[ Q
04-086 04-086
— 08-05-03 " 08-05-03
= 08-07-22 pow 08-07-22
EES 08-10-02 seeE 08-10-02
0 50 100 150 200 [ 50 100 150 200
Dehydrogenase Activity (ug/g-soil-day) Dehydrogenase Activity {(ug/g-soil-day)
Control PSM
0.0-02
E
g 02-04
a
04-08
-—— 08-05-03
s 08-07-22
R 08-10-02
4 50 100 150 200
Dehydrogenase Activity (ug/g-soil-day)
EDTA
Fig. 5. DHA variation according to soil depth in site 2.
0.0-02 0.0-0.2
E E
£ 02-04 £ 02-04
& &
Q
04-08 04-08
—— 08-05-03 4 —— 08-05-03
e 08-07-22 s 08-07-22
== 08-10-02 s 08-10-02
0 100 200 300 400 500 600 [ 160 200 300 400 500 600
Acid Phosphatase Activity (ng/g-soil-hr) Acid Phosphatase Activity (ng/g-soii-hr}
Control PSM
0.0-02
E
sn_ 02-04
é
04-06
- 08-05-03
s 08-07-22
s 08-10-02
0 100 200 300 400 500 660
Acid Phosphatase Activity (ugig-soil-hr}
EDTA

Fig. 6. APA variation according to soil depth in site 2.
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00-02 00-02
E E
§ 02-04 § 02-04
8 ]
04-08 04-08
- 080722 - 0807-22
w—05.10.02 —05-10.02
o 1 P o » ®m ® % e

Soil indole Acstic Acid Concentration (mgll.)

Soil Indole Acatic Acid Concentration {mg/L}

Control

Depth {m)

o 08-07-22
- 05-10-02

0.0.02
02-04
04-08
o w0 = %

Soll Indole Acetic Acid Concentration {mg/.)

60

EDTA

Fig, 7. IAA concentration variation according to soil depth in site 2.

A7 0 2= 2Bl Esta, PSM vE
AFEGE 79 olFo] APAE =7 AEHUTE. G
WAE o] FEHIL, AEAFC] E3lE 10€0=
PSM Az 7oA APABAE &2 AL FY8 vjAE
o] EYHoIN A& oz AEdgrhe e oulgn).
IAA 3343 99g EDTA A3 7F8 ¥4 Jet
SAL(Fig. 7), TH2E PSM A&7 % Control ©J1T}.
aEu 95% AZFEr F9Fel Aole ¢igih

ol

3.3. X{2|4 mlol| o/t ofeimA

= 13 2 BFAA AT JEAY od =7}
Controlo] W3} fejHog F7lslAed ol =28
Fig. 84 Zth = 18] PSMX2ElF HW Zn 5% Control
oA Hrh ol 1,188.8 mgkeolA 1,530.8 mgkg
o2 134, €79 E 807.3 mgkgolM 941.7 mgke
2 124, YoM = 727.8 mghkgoll A 9204 mgkgl B
1.38, Z28]3 olatlME 65.3 mgkeoll X 115.7 mg/kg
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Fig. 8. Zinc concentration in each plant part of /Echinochloa frumentacea/ at (a) site 1 and (b) site 2.
Table 3. Results of Zn sequential extraction in site 1 soil after harvest of Echinochloa frumentacea (unit: mg/kg)
Depth (cm) F1 F2 F3 F4 F5
0~20 53.4 234 80.8 48.8 100.1
Controll 20~40 48.7 30.1 86.5 435 101.9
40~60 339 184 58.3 28.8 108.1
0~20 41.9* 22.9 76.5 49.6 109.3
PSM 20~40 353 31.9 734 46.6 105.9
40~60 372 20.8 632 34.8 98.1
*p <0.05
PSM % EDTAS FH3p7] FAAoletd o5 A< 597 T 5359 AFE s 21 Table 63 2t} I

HIA] -8R Afeol7k Qi) X5 PSM Y &2l
1080l A Zfol7h yelydt). 593 Bl &
) Control 7 Flol4E 1.6v), F2oll M= 1.6817F 748t
A3, PSM X792 FlolME 238, FolE 1.64),
F3olXe 158, FA4lME 14970 2231909, EDTA
2] FollM = 2.5, F3olMe 1.44), F4lME 1.7
) gl et v 1=
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Table 4. Results of Zn sequential extraction in site 1 soil before/after harvest of Echinochloa frumentacea (unit: mg/kg)
Month Depth (cm) F1 F2 F3 F4 F5
0~20 259.1 137.2 406.4 1116 115.8
Control 20~40 147.3 1327 362.8 102.8 107.6
40~60 120.0 80.0 191.0 81.8 96.0
0~20 258.1 129.5 4535 1213 1192
(befor?gwing) PSM 20~40 198.9° 1254 2952 95.7 118.7
40~60 120.1 85.7 190.5 83.6 1018
0~20 223.6 157.3 4182 137.4 1253
EDTA - 20~40 1869 134.8 354.4 120.1 1193
40~60 134.6 79.1 181.1 82.0 98.2
0~20 1822 122.5 408.1 1053 114.8
Control 20~40 131.7 109.4 3452 139.1 116.3
40~60 91.5 715 176.5 76.1 1085
0~20 170.4 112.7 401.3 128.1 113.1
July PSM 20~40 151.5 112.0 277.1 713" 1052
40~60 123.6 74.3 193.9 76.1 1154
0~20 209.1 109.2 386.6 124.1 110.0
EDTA 20~40 162.6 1173 3142 1244 1220
40~60 112.0 83.6 202.9 94.0 110.7
0~20 1615 85.5" 359.4 1085 1119
Control 20~40 114.1 90.5" 267.6 125.1 1034
40~60 100.6 65.5 165.6 60.7 1609
0~20 1125 78.5° 312.1° 87.7 1184
October PSM 20~40 1304" 75.4" 205.8" 95.5 1173
40~60 104.5 55.7" 204.6 91.5 1109
0~20 181.9 64.0" 2984 80.6" 1112
EDTA 20~40 154.9 80.8" 230.0" 108.1 122.1
40~60 1163 64.1 164.0 85.1 1129

*p<0.05 (compared with control)

Table 5. The amount of Zinc removal per unit area by Echinochloa frumentacea at site 1 soil

Weight percent  Zn concentration in plant Total removed Zn Dry mass  Zn removal per unit

of plant part part (mg/kg) (mg/kg) (kg/m?) area(mg/m’)
Stem 035 931.6 +2289
Control  Leaf 0.35 906.9 +47.5 665.1 0.72 475.6
Grain 0.30 721154
Stem 036 2,888.8+661.0
PSM  Leaf 032 2,533.7+616.3 1,949.1 0.72 1403.3
Grain 0.32 307.2£17.0

el 2,669.9 mgkg®E Control THH] 1.958] Z718l53c),
= 29| Control T4 ¥ Az zZnel HFoadte
Control(1,372.5 mg/kg) < PSM(1,660.9 mg/kg) < EDTA
(2669.9 mg/kg) Mo 2 Jelstetl, Hadd@o] &
A EF W Zn8 27 B=7F 9F 800~1,000 mg/kg

J. Soil & Groundwater Env. Vol. 15(3), p. 15~26, 2010

0]217] HEo = Fetdr), = 20049 dHFA (1 mA)Y
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Table 6. The amount of Zinc removal per unit area by Echinochloa frumentacea at site 2 soil

Weight percent Zn concentration  Total removed Zn Dry mass  Znremoval per unit
of each part in each part (mg/kg) (mg/ke) (kg/m?) area(mg/m?)
Stem 0.36 1,689.3 £448.7
Control Leaf 0.26 2,5258+8922 1,372.5 0.63 864.7
Grain 0.38 2833+1774
Stem 0.38 2,078.4 + 408.6
PSM Leaf 0.28 2,696.2 £ 457.8 1,660.9 0.59 980.0
Grain 0.34 341.8+ 1004
Stem 0.43 3,805.3+2187.0
EDTA Leaf 0.30 3,149.6 + 1308.5 2,669.9 0.57 1,521.9
Grain 0.27 328.8 £240.1
4.8 B = A A

g ABAAEINNES dNF R wgste] 9]
Foex, Yol ER A8 A EA ()] 93 Zn F
F7HE B840 A o A%, odg
& 54 2 Zn FEt Aoldt T A9 =EY| IE
Auste] thest 22 AES 42 5 T

1) = 194 99 G g 583 Axgo] F Az
FoA Zh7h 0.72 2 0.2 kgm’ B Ao, Hel
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M= 1,949.1 mg/m’2 g 2934 Z78sit}. o]2 1%}
o] PSM X ollx] AAEE ofd FHE 1,403.3 mg/m?
2 Controtoll Hla} 2958 Z7Fst3T}.
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