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Enhanced Phytoremediation by Echinochloa crus-galli in Arsenic
Contaminated Soil in the Vicinity of the Abandoned Mine

Ji-Yeon Park!, Ju-Yong Kim!, Byung-Tae Lee!, Kyoung-Woong Kim'* and Jin-Soo Lee?

IDepamnent of Environmental Science and Engineering, GIST, Gwangju 500-712, Korea
*Mine Reclamation Corp., Seoul 110-727, Korea

In order to deal with the problem that phytoremediation takes long time in achieving the practical effect, the enhanced
phytoremediation by Barnyard grass (Echinochioa crus-galli) was conducted. In addition, we examined the synergistic
effect by adding PSM (phosphate -solubilizing microbes) and EDTA {ethylenediaminetetraacetic acid) to the arsenic
contaminated soil in the vicinity of the abandoned mine. The removal efficiency of arsenic in the site with PSM
application increased about 16% when compared to control site, which was due fo increase of plant biomass. The
EDTA has been successfully utilized in respect of enhanced mobility and solubility of arsenic in the soil. As a result,
BF (bioaccumulation factor) significantly increased but the inhibition of plant growth resulted in 20% reduction of
arsenic removal efficiency. The application of PSM and EDTA may enhance the efficiency of phytoremediation.
However, the time and method of EDTA application should be further examined to reach the maximum removal
efficiency,

Key words ; Echinochloa crus-galli, phytoremediation, arsenic, PSM, EDTA

HAFAY Hlhed By o4 ABARYTHOEA Eod 44 LAse e A8/ 54E Dol g
vk AEG 043 ok Asl ZWo) 7K Avzke] Hglal 7o) _L_,g.zlﬁ}? W2 A8 PSM (phosphate-
solubilizing microbes)Z} EDTA (ethylenediaminetetraacetic acid) £ #|2|glo] 2 J5ans #3gc). PSME
A AlgFolA = 2lEe] vlolomart S7l8le] HlE AJE-Pof HSlo] BlAx|A Ee] oF 16% ¥% F718IA
v}, EDTA A2 PollMs B ] F2452 olFAo] 27}0}0:] BF (bicaccumulation factor) = ~7}0}M~‘+ EDTA
7y 2180} A AslE] 088 A Ego) 20% A% Zdhske AnE gl wEle HEdEAEgel PSM
= EDTAY AEle 49 vHid F58 o= Ak "H"Vé FE glon}, B8 EDTAZ Adg 3A-$ole Al A7)
g Ao AEo] Slor] 2180 A AsjeiA] YnE o} OW A& BUEHe] 8o AAE AUk
FH0! - F Echinochloa crus-galli), 224235, vl4, PSM 2 EDTA

.M = BAA BEUFE B9 Holo) glol Zbary i
7o) AL olgF Bigolnt, 998 EY 4

Az A AAH B BY TS 7 /160 S ol8d el PHe 4Be) 4L pew 3
AR, Qzkel g e} A FA A 7] wiEe] AuA oz we Qgsict. B megel 4
AN e Zom Bilo] BoAT Atk ol8d g XA gomd e9Bde AAY F o
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q&e 2 F&o] HA =L s FAoith

a2 oligh A B B aHe v & dEe
te =94, S8 Rl s AHelEert vie =
grke JoZ 7|7k XEAzte] Bzt 2
23 A7) g FEY F Jde FHoE AET)
7, 35 AYE B AEY 29 Iy 2ge
FOAFIAL Bl A77h e AP ok 2
=2 @ol] HLET = Ze] PGPR (Plant growth
promoting rhizobacteria)#? EDTA®¢]t} (Brown, 1974,
Cunningham and Ow, 1996; Patten and Glick, 1996,
Blaylock et al., 1997; Glick et al, 1998; Chen et
al., 2004).

EG U 249 83= T o] Eoe )
pH, Z228]2 84 El7i=9ke] Az wet 75t
Al AgE W=t} (Kaschl ef al,, 2002). 2 = EDTA
= 7P Z3t Fot B2 A7t A= uixd 2
o]EA| o]t} (Cunningham and Ow, 1996; Blaylock
et al., 1997; Chen et al., 2004).

3, $FE0E 0FE EAE ER njEY)
g 9 F g Zavt dojed 4 gled), A
9 AE FA8e 28 S A FY98
oA Y B I 588 3UNE 5 3
o} (Brown, 1974; Davison, 1988; Kloepper ef al.,
1989; Lambert and Joos, 1989; Patten and Glick,
1996; Glick et al., 1998). °131 £57-2] v]AES Plant
growth promoting bacteria (PGPR) o|@}3 &}=d,
Pseudomonas, Azosprillium, Burkholderia, Bacillus,

o]

=

ozl

Arthrobacter 0] 79l 43},

2843 g9 8% A§ HEEE dY ¢Ek
9= FASAF Boe =i IS A A
o] uj$ Fasitt. wbA Fe] 7|F2do YR,
Azsle B¢ EUE 2XE B2 sAgol At
598 9 (Echinochloa crus-gelld) E A3t 3
= Aboulroos et al. (2006) &) Aol 23] I
4 Fgo] Y454 vf Utk

w2 AfeiMe A28 FHY Algke] 28
Adoks e I8 5 e FHoR nAES
EDTAS 712 Ed 2& ATl 2 58] 45
8-S dgH8gemA Fo Hla F57 o9A
DA E=AE gofsla ol B3 vlAZE 0EE EY
< Asp] e Fe8s ARt st g
e Afgo] A AtolA 2 Ego| YFE vk e
U, £ APlxe EFFo= o3 E-s P
F stk AoA 2 997t St

2. Mz ¥ 4H

21 47X

2 97E U9 W PR dEdE B
X kg F) odd FAA G (Fig. D).
Ak 193595 19929747 I3 29 RS
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Fig. 1. Location map of the study area; Agricultural area near San-Yang mine, Boseong-gun, Jeonla province, South Korea.
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Fig. 2. Description of the experimental site.
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Aol w2} njas} Fh=gel thall A1 EE st

£ 5 QYRS vehi 2= A9tk 484 Bel
YHES Sl o BA Bl THE GRSon,

o
g3t AplE e ZEE AY 2 vles gde 5
Pt

B AFE A ATEA Y] BAEE Fg, 2o U
il X8 dlzRA, EDTA 3§ Bx 2
PGPRe] 9%2] Phosphate solublizing microbes (PSM)
g BAZ FA =0 9t

J=r

22. 48 9 EYAE

A= EY AlEe 95 A 63X 24 43, 9F
12 73} (PSM ¥ EDTA 12 A8 FA), 9=
165 743} (PSM 2 EDTA 23} A A7), 9=
&+ A & A7) AR 2 s
(Fig. 3). HEARY AF= 24 ANF7ud 31848 &
FAEL TLT AN WG o9 FAEE A
Fotd shte] FANER SIch AFH A Aot B
2jol] &3 o] QA slom orte] Sddx F
Yaiaict AFE HE AR LA o) Po}
AIAE FARD B AR AFe 9E90AF o8
o, FAe =%, PSM Ag, EDTA Aele
S8 Wil 7t Al Al Aol Be ¢
wold AFHT Zejolg o) Qo APz gub
sttt Fig. 3oME Al7te] g we o g
FHE BRAFT glom AHH EWde] 542 Table
1ol vFeRATE.

23, A2 ¥ Eo A
B U] v4e] Seks AuRs 98 AHE B

K
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(e}
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o s 1N HCLE o83 7184 ey,

EWUE o83 MEF BENE EYOAETA AlgHel
wel AAJBIETE, HlAe] FEEAe GRAAS (Graphite
furnace atomic absorption spectroscopy; PerkinElmer,
Z15100) & AH&-3te] Faisivh. AFH 2 28 3
A EFFE A W o) Mk, BAART (freeze-
dryer) & olgst] AXAIZE A 452 By, &
7] B %, oAl Al FROZ o] BTG o] g3l
AEsIA T AlEE AR 0.1 gl 37% HNO, 2mL&
Vel 12/70~24A17F AesE & 1mle] H,0.E
FA7kska 1 217 59 100°C oM Jesiith 1mL
o 0,8 3 o A7lea 385 A7 & AR
2]3le] Whatman filter paper No. 442 o3}s}a &
A& A3 FFAEE ARSI AEAE W] ¥
a5Ee ICP-MS (Inductively coupled plasma mass
spectrometer; Agilent 7500ce series) & 24311t}

ok
oo
]

z

2.4. PSMZ} EDTAS| #7}
21 5] A7 AEEH Eiriso] nAE Y4
Hryer) eAES F9Jetivh. Aol AMSE )
E& PSMe = 35%-2 Enterobacter intermedius
o}, ¥ National Botanical Research Institute’s
Phosphate (NBRIP) 94A| sljA]ej|A <F 6U7F wies)
%Th NBRIP A wjx|e] =4 thgx 7l
Glucose 30g/L, Ca;(POy, 1g1, MgCl,6H,O 05¢/L,
MgSO,7H,0 0.05g/1, KCl 0.025gL, (NH,,S0,
0.01 g/L o]t} ekl e NET 100 m® & 2018 vl-&
2 B2 sk HEe] S48 FA0E EY ¥1e
Ak FUAE T WA= g ke 258L,
A4 2347 1.0x101 CFUs Gk PSM A3l =
T 5 127 AFAHEAA 13, 165+ A F 222 S
Y= A

A7 Aol L EDTAS FES Ethyene-
diaminetetraacetic acid tripotassium salt 50% Solution
(50%-EDTA-3K) o], 33H21e C,oHsKaNyOp, 73
FE 40651 g olvk MG i FA As 29%
7 T E HEE S AEWHegs
EDTA 500mL: & 20L9] B]&=2 3431 F¥e]7)

3
o]

Table 1. Physical-chemical characteristics of soils used in this study(min.-max.)

H Cation exchange capacity Organic matter contents Total As conc. Soluble As conc.
P (cmol/kg) (ug/e) (g'®)
6.1-6.62 6.6-10.56 2.8-4.89 45.3-110.3 13.5-29.8

Total As conc.: Aqua regia extracted As, Soluble As: IN HC! extracted As
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Before seeding (May 279, 2008)

Fig. 3. The status of plant growth during the field experiment.

g olgslel Ay Aol ¥ ol FUsAt
EDTA A=l PSM Aelsh 5Ush w5 ¥ 125
BN 14, 167 B3k Aol 242 )
ek,

25 O4E #Mz &H
Ege] vjAE gH=e 9rhas 84 (Dehydro-
genase activity) € 53 H7} ok EX U oA

After 1 month from seeding (June 279, 2008)

After harvesting (Oct. 17th,2008)

BHEE 23] S8 g AMEEE WEoEA,
INT assayE AHE-dith 15ml FEo| CaCO;E
003g¥ =2 § Fa APk CaCoyt g7 FHE
of =A9 ¥ 3g 0.1% INT (2-[4-iodophenyl]-3-
[4-nitrophenyl]-5-phenyltetrazolium chloride) solution
1mL 3 B35 15mL & clean bencholld Fg=
Zo g FHrlsla 37°ColA 24717 B9t W8 vigst
gtk 2 F S0 mLE Hrlste] o] & wiyt

Table 2. Arsenic concentration in Echinochloa crus-galli depending on status of growth (n=3, average + standard deviation)

As conc. (ug g

Plant part
Control PSM treatment EDTA treatment
Root 10.52+4.48 7.04+1.70 11.2114.8
After 12 weeks from seeding Stem+Leaf 1.15+0.26 1.77+1.70 1.35+0.64
Ear n.s? 2.51+1.89 1.55+0.42
Root 9.834+2.82 8.44£1.39 10.71£2.63
After 16 weeks from seeding Stem +Leaf 1.12+0.13 1.45+0.63 2.37£1.45
Ear 1.41+0.58 1.42+0.53 0.93+0.23
Root 11.21+4.8 10.71£2.63 8.69+1.96
After 18 weeks from seeding Stem+Leaf 1.35+0.64 2.37+1.45 0.68+0.15
Ear 1.55+0.42 0.931+0.23 1.56+0.63

*n.s.: no sample



E EEEREEN

A 2 E FUt 50mL FEo) INT-Formazong2
st o] AL H& Yol §loid wi7k] wrEEi,
%% INT-formazone UV-vis spectrophotometerS:

AHgated 914 485 mm o)A S
3. #= ¥ ng

1. B2 U d]ae| §2et mlo| H|a FF

A og T AEA Yol oF 10 pglg )
T2 HAE A3 UYLk AlZke] 5 et
Fol F7bsle FAE Eolle dley, F52
g GRS oPRTh iR ke A5 Bl
FEol UYL, Hio] Q2o GRS 24A]
9 Yo AR E F 2ughd] FEE
AJT (Table 2). AEA W v& 252
7+ Al rEE F33 Jolde %}J‘Q
2189 A4l ulEt BEF ] HlAY
o8 g ot aH AHAPELe ﬂo]@
(Table 3). o)E|3+ Aile EY AR 43
A7kt UE 4 gidicke A, B u v
AYEHA & FozHE 718 AoR AR

> o
)

r“ Mool

3

L

*3;
N 1
@%% o O Fm
o ® T W
W 3 =32 2 oy
2w o N

&

i
N
N

.

3.2, PSMof| 2|8t mo] A ZXn H|Ao| X2
Z7t

B Aol M Alsh wAE-LS Phosphate solublizing
microbes (PSM) ©ll 281= Ewnferobacter intermedius
2 PGPRY 3 &Folc}. PGPR&
B]—@O Egﬂ /\]U_4 Hx}— &xla _/‘,: 3)\1:]. 7};\(;};(40
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hRERCE %*35}71 st 771 Aol &3
F71 xge] Fr)AEE B8 2 Eo] o] 7
Qle] AAHS FE38tH(Rodriguez and Fraga, 1999).
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Fig. 4. Dehydrogenase activity (average + standard deviation)
and plant drymass. Initial concentration of INT-Formazon
shows almost similar value. After treatment of PSM and
EDTA, there were significant changes. The plot which is
treated by PSM shows the highest value of INT-Formazon
compare to control and EDTA treatment. It also implies
that plant dry mass can be strongly affected by PSM
treatment.

g 2% o A AFHE 2943 2 vl A
PP M= 41.83 g, EDTA Hg]7ollAe= 4231 gofl vl
3} PSM 2] 7ol 4994 g0 2 7MY =30rk(Fig. 4).
o]zﬂ\_o_ Eok v B p:L/Hl:o]] tq,ek: gg;ﬂo} A
27 3 4 94tk Dehydrogenase activity(DHA)
TEE 59 7 A e 2HRE ST
A3, nAES AEs AlglA EDTA Azl7xot
ok ouf oAt =it} win AE-FETh EDTAE A2
o NPT HAE BT T WA W A,
EDTA A2+ v|dE 2% x7|zkHc EDTAS
23 Fo] DHAY w7} Hopdl F o= njFo] B
o} EDTAQ] 5402 Q8] EdvgEe] E4o] A3)
52

L b

¢ % ZHVM] w}a} As9] 2R W] T= E
ok o] x%& Hlwsld BF (Bicaccumulation factor;
Total As concentration in plant/Total As concentration
in soil)E AE A3 ZE Al7)e] PSME A2 Al
Aol 71 sl BRI (Table 4). 017 2]
B2 FEE As PO W) B Pl o
Z17] oz Az

Table 3. Total arsenic concentration in soil (n=3, average + standard deviation)

Arsenic cone. (mg kg

Control PSM treatment EDTA treatment
After 12 weeks from seeding 38.31+5.04 45.78+1.26 43.8616.92
After 16 weeks from seeding 68.38+6.93 64.65+6.61 68.37£6.90
After 18 weeks from seeding 65.68+£12.32 58.56+5.62 26.92+5.53
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Table 4. Bioaccumulation of each treatment over time

oPgEl - WA - oS

Bioaccumulation Factor (BF)?

Control PSM treatment EDTA treatment
After 12 weeks from seeding 031 0.25 0.32
After 16 weeks from seeding 0.18 0.17 0.20
After 18 weeks from seeding 0.21 0.18 0.41

“Bioaccumulation factor: Total arsenic conc. in plant/Total arsenic conc. in soil

3.3. EDTA X2|= ©oI3t Ase] o|SMH ¥ A|E0f
olst X2 &7}

Table 4= & F Al@-7ol vls| EDTAS A&
X BF7F 7FE 3-8 BAFE. dEAd oz E
127 ¥4 1657 F9 ZA#4E 24 9z AP}
EDTA X]7¢] BFF A9} fALEI o, 185 $of
AT 4E A= EDTA #H2+9] BF/} ¥|w
ANgFETeE oF 24, PSM M TRth= 24 o)Xol
22 Q15T (Table 4). =, EDTAY A= 2
3} EF W Ase] o543 &8st molA AE=R
STE Yol ZA3] F/RIESE ¢ T U =2
U, EDTAE Xegt & E¢ U wdEe] 8¥=7}
Holn o7 B o EDTAY EAL XA AFEs}
A aBjEelof & 2ol (Fig. 4). T3 i Az
EDTAE ®Ajgo| =& " 3F2E 7KL Yo
EG U IF A Eslimsd o 71zke) ez, A
3R AR o3 oF EAIE A 2t
At} (Elliott and Herzig, 1999; Elliott and Shastri,
1999).

34, RLHAEYSRRE ABAE H|A9 X

Table 59 HEHO= ¥o A9 v]4he] & $
A2 VeIt Bl AT E & 476g, PSM
ol M= 554 g, EDTA Az relas 379 g9 v
25 2350 PSM A toME T]9 HlAZF
Fgo] oF 16% 7151932, EDTA 27l 23
& oF 20%°] 7AE BTk EDTAZ A3 Ad+
oM BFe ESASE 2189 A #&e
of AFHoaE v AFFREY o $X) 28 43
£ BdZEr) wabA] EDTAS Azl A7) 2 %L 4

Table 5. Total accumulated arsenic from each treatment
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)3 215 A aRE-S o8t 28RS Ty
T8E Fo|zAl FHBIAT FolA &3] E &
£ 218<l 39F o)gsld PSM=} EDTAS] Ao u}
2} AEAZ H|A9 FFE L] DA WsEleA &
3}t EDTAS A3t AdoAe vl Alg+
o} PSM& A2|g AlgTel vl 28] o’ BF7F &
7hke AL B98Itk £ PSME AEd A37
Ae 7 ¥ BF7L AXtEEE, ol 849
Frake) AEe 4] & vFd Aot HF
ZHog HAPARA M AAE H|Ae % PSME A
& AFTA oF 16%2 a7 Ao,
EDTAE A3t Ag7olM e 238 20%8=7F 2
2% A& BIBIA o] EDTAY EA420=2 Qs
21&2] gAo] A Aot

A8H o=, 9o} o] ol A HlA FF FHo
Y AES Ay A4 o, nAEeY EDTA
o} Zre AEEH, 2 3Rl Mg AFE 3
9 e U 3L =2 5 doy HE4%e
A 7l whEh 28 Al71ek ARk i AA
el 2AF 2 A&AQ] mUEH] a7ty & A

oltt.

Control PSM treatment EDTA treatment
As conc. in plant (ug/g) 14.1 14.0 10.9
Total plant drymass (kg) 337 395 347
Total accumulated arsenic (mg) 476 554 379
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