J. Soil Groundw. Environ. Vol. 20(1), p. 56~64, 2015

< Research Paper >

http://dx.doi.org/10.7857/JSGE.2015.20.1.056
ISSN 1598-6438 (Print), ISSN 2287-8831 (Online)

QLA

24 J[dt AgRgig 0|88 ZUHIIE L 3% 2 MA
TEE . SR . HED - YRR - S5 - RUST - oI

A AANDT AT ADTEY
HEdet FoNE BRI g H e

st QAR B3 ARSI

e
o,
N
o
iy
i

Bioremediation of Heavy Metal Contaminated Mine Wastes

using Urease Based Plant Extract

Seung-Bum Roh'? - Min-Jeong Park'? + Chul-Min Chon' * Jae-Gon Kim'

Hocheol Song” * Min-Ho Yoon® - In-Hyun Nam'*

!Geologic Environment Division, Korea Institute of Geoscience and Mineral Resources (KIGAM)

’Department of Environment and Energy, Sejong University
’Department of Bio Environmental Chemistry, Chungnam National University

ABSTRACT

Acid mine drainage occurrence is a serious environmental problem by mining industry, it usually contains high levels of
metal ions, such as iron, copper, zinc, aluminum, and manganese, as well as metalloids of which arsenic is generally of the
greatest concern. An indigenous plant extract was used to produce calcium carbonate from Canavalia ensiformis as
effective biomaterial, and its ability to form the calcium carbonate under stable conditions was compared to that of
purified urease. X-ray diffraction and scanning electron microscopy were employed to elucidate the mechanism of calcium
carbonate formation from the crude plant extracts. The results revealed that urease in the plant extracts catalyzed the
hydrolysis of urea in liquid state cultures and decreased heavy metal amounts in the contaminated soil. The heavy metal
amounts were decreased in the leachate from the treated mine soil; 31.7% of As, 65.8% of Mn, 50.6% of Zn, 51.6% of Pb,
45.1% of Cr, and 49.7% of Cu, respectively. The procedure described herein is a simple and beneficial method of calcium
carbonate biomineralization without cultivation of microorganisms or further purification of crude extracts. This study
suggests that crude plant extracts of Canavalia ensiformis have the potential to be used in place of purified forms of the

enzyme during remediation of heavy metal contaminated soil.
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Aoz d#A Ath(Lee and Chon, 2004; Nam et al.,
2012). A7) HHo= =) F- Hgit FH B
BAPIME TS| Fad 2L9S Holal 9lon, =2
As, Cd, Cu, Zn 59 FE50] 7IEs 2k o52
Qo] ik FHEETE ofe} I AEIAIR 2.Ho] &
AFE)3 QTH(Choi et al., 2012; Jung et al., 2004). ©]
e Wk TEE 292 ST B A7 AE
55 53l Al FHEA =, fsid HrkE Bl A
oF T XA AW MYFES vl$ Eole
Qo] & 4= dthKLee and Chon, 2004). FE3l H&
F- dP XY Bk AR, olE B3 S35
g3e} ol &5 VI o R 7SAaL
ATk Park et al., 2001). ©]213F AM3LE ERS 314
713 3EA717] 913 SEA BEdEE F2 F715d
A3]4(CaC0;), 2443](Ca(OH),), HA3](Ca0), 7Hlol=
AGAEo] Ca(OH),) 5°] AFEEI(Yun et al., 2011),
Yoz dFulE AR Al HAYShE AR FAHERQ] Red
mud@Y, JE), A5E 5ol driEz dlEs
<A (alum sludge) 5= 83+ HHEY F3 2 A
< A Aol 7= Fok(Kang et al., 2011).
T, ol BAES] A & A Al FHHE ALE-
OF AREUSIE QI3 A5 He] MEA, F5AE A
3, 7N 34 5o FARES oplskar it wEhA,
HZt A FEE 0 M Bl A-s &4
sl %

QAR G4 (Ureasey= okl 3kala} 0] 24 (Urea)
o] 7S BASIAA olisiiAiet hRUokE
Arsle] TR pHE EUSEH FE o]22 Ca¥' T
CO”7F CaCOs29| o|2483s sk vl & &
Z @Ao]th(Mobley and Hausinger, 1989). ©|& 3}8h]
o= Jehlid o (1), @21 2t

CO(NH,),+ 2H,0 — 2NH,"+ CO;* Q)
CO;* + Ca** — (CaCO; )
Qs aie vEEols XEeE Ui vAET oY
AE Foll X3, 2EoXe FoR 7P 8ol =

Al 2FFoll= AEFTHY 0.1% = FH=] i,
a4 EAog= o] Zhax AAog EAlEF 483,000,
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29 A 57
S%7 pH 5.0, 4 pH 8.0, A7|2A -SH7|E 714
), 7, 2 Y ol sl ofs) aagAdo] Ak
HhRiddles et al., 1991). o|&gt QAR aio] AYs}
Q1 RS o] 88hd Folxl pH, &%, &, =°l =
o} e ol Fo xo| AL A A7 3k
20| CaCOs} 22 F=4S AdstA ot o|FA A
F5o] ol FEjE F1 Aol HAER <lsle] F=
Ho] oA FA== AL Biodeposition®]2kal ki,
PAb Atelel] wAE ZHg-o2 AFE FEdo] AS o
7= AL Biocementationo]2kal 3h=t], o]= WY&
(cellel] 847} Sol7bd ehuole} Bhilol2 o= niy
AX FHe e Zgola) Agele] CaCos 22 3
Eo] AEE S e b th(De Muynck et
al,, 2010). ©]¢} 22 A}l vhg-S AA] EF A}
485 s EYY AT X% 7Y BE S
A7=E S8 F Ul =53 e ARke] o)gh
BARRE) ofa AEAS sl EY A T 3=
aydo g e 4 Uth(Park et al, 2011). 2, o}
2712 skl a4 5o BT WS &8s T
AA L ES 5 V& A v)sk Ao|t).

weba], & AFellAe HgAE A 9 Sl WUxE
BH7E W Fas5s PEsA 125E dlske
HAEF Wl $55 55 Asb] S8l Askehail a4
el as 7Rk AEFER9 Q4 (CO(NH,),), U]
H3}45(CaCl) 55 831 CaCOss A= &

dp

S A F3% 09 APNAY EFS BEH B
YL B3 FaE AP BE R EPE L 49
=4 g2 59 9P BASIGG

2.1. CaCO; dHe I8 ZH A4

TEHOE 99 HEAY U AiHETIEEelE E
Frs FAF AGelA AFslA o] o EYS teR
g BAL Y AFS et 2 AYe aAE
EAE TR e HZT(No treatment), Me=F=
H(Plant extract) A, FAE Q473 &2 (Purified
Urease) 2l 502 A g3t gAld a4
384 Sigma AllA] Tl 100 mg®] LAF3HE
~E 50mM Tris-acetate buffer(pH 7.0)9 =o] AL-8-5}
a1, AEFEde] HAee safs|aav) ol sae
Aoz LA e FHF AE T Canavalia ensiformis

50 g= #27](Homogenizer)Z 20 mM Phosphate buffer
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(pH 7.02F A 24 2 F4F2](12,000 rppm, 20 min)
A7l & O A5dS AI5E ARSSIAITE 20 mM Phos-
phate buffere 71& 79} YA A=t ARSI
TF(Nam et al., 2006; 2008). Z92] CaCL¥ 712 &
2 89 Fo= 717t CaCly, 4 /100 mL, 84~ 2 g/100
mLE AZst A EApFoR FHsinh A A
3 e 2 BEYS Al 1k FX8ha BE
Holl CaCl,, 82 82 100 mL¥ FU3+ Zof HA|E
S, AAE 2R, AEFEY 58 4 d9
Aol 50 mL¥ FUSIACE & F FRE] 1221707}
| Zd2elx] BEEAIZIAA AlHl W} CaCO; H, &

284 34 ¥ 355 248 AR AR QWS

N

22. 84 M &F

AR EA Y FAHS CaCOMZE A7 122 &
o 50mM Tris-acetate buffer(pH 7.0) “Jollx] 21343}
ot Ao Vo] He T Wid 25 SAsh] fal
BSA(Bovine Serum Albuminyg 322 E 3¢} Bradford
PRS- o] 83le] Tl kS g3 (Bradford, 1976),
50 mM Tris-acetate buffer 0.8 mL2} 250 mM 24 1.0
mL, SAFEAE 02mL 58 Wil 28°CoA WS
AlFY. 8]z, 108 Fo| 10% trichloroacetic acid &
A 1L0mLES I8l WSS WA $F $o o}
WA S-S 405 nmol| Al UV-spectrophotometer(Biochrom,
Cambridge, UK)Z =733t &= 132 1 mmol=
ek Aol S SAFoEHN 540 FS S
319t (Burbank et al, 2012).

23. EQ LT HAE

2 EY YA AEF2d 32 HAE a4EHE
2ol e Aol Aslelh 280 F CaCO°l A3
o Falsk A 2 A B4 AYEs JHeE EY
AAP} CaCOs02HE 1 F=o] wW¢A A= A|¥k
A5} =7l @48 Fall cone AlES Fall cone A
#7)(GEONOR, Canada)s E-83l0] RIS B o
TollA &83 Fall cone Al AEFEY 32 HAH
M%%HMQ] 9’]%]] CaCO3a ;;(j];ﬂ}‘]ﬁ zu
Fo] AEE Ao za Adtel| mX= FES
7] f13 B ASAIE BH R APk W
shz BEoF T 5-15mm WHSolA 48] o) AAJs}
AT 2ol 10 mm FYPolX S FeH]
ATAIR sk Alfelth. mebA, izt B AEF
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55 S| vhEolX] A7} 53] o)) SAgslal 1 gk
< Fst AaE LE3IG o S8l SRS EAE
AglelA] 2 v AEFEd 9 HAE sAFHE
A5 gt Zte] S ARS &, T3t BENS 7}
50 g FXIskaL 7] AR A wWEAlA 71t vkt
Z-& H|(Ratio)= CaCl,, 84, Q488 s 2 AEFE
A 5E TAFORE FY3] 28°ColA] T2AIRE B3 &
2 g HiBllth mid T5 5, AelA 10/17E

[o5

T = L
¢ AFAIZ] F Fall cone A|@7|E o] &3] Bk
A5 v|askict

2.4, BAUHH

B Aqtella] Zgt XA3)dia] 9 ke gjlEWE

o 7|9kt DIFFRAC PLUS TOPAS AXES|0]E o]
2R AL CaCo; B TR E49 743
2 WP RS AEsielar ol wet Adst
NEgke] BiskE Hriekainh. B4 tid Alsel
3l 24zt BUAg 3 o WREFA]E (o-Aluminium
Oxide, Corundum, ALO;, 99.9%) 0.3333 g& oHlo|E
SRR A 2 E9tste] st st X3
Z71& Cu target?} LynxEye position sensitive detector
7} FZ¥ D8 Advance diffractometer(Bruker-AXS,
Germany)E ©|-&3st] ATt 34 FHEHL2 5° to
95° 20 %k, 0.01° step size, step T 1secd] Z7HOZE
FHEEA LM, 03° divergence slit®} 2.5° secondary
soller slito] ARE-E|ITE. Alg0] AdEA 2 717] 1Ak
358} (Fundamental parameter)S 34 A3 10
Z Y AE9} EFA|E (e-Aluminium Oxide, Corundum,
ALO;, 99.9%)1 thate] zH2 X4 s)daeds #5313
ot B2 7= ZEMER VRS & FAARES] AT
B2 95l TOPAS 4.2(Bruker-AXS, Germany)A3
EdolE ARSI CaCO; 9] FEpshQl ale
Q3] AAAT 7 SEM(Scanning Electron Microscope,
JSM-7000F, Jeol, Japan) ¥4 AAlsl). dizd 2
AEFZH QAR EAE Mt AT 502 ARt
Sk AEE AF2oA €3] AFRAI F, 0.5ecm cube
piecesZ A|ZSIAL Gold sputter ZHS T3 SEMOZ
BT 7K A ML= 10kVE T3t
TEs W AL B ATl AR HEAR Y EG
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HHlele e Ul 55 55 245 98 250 mL 1t
$-8719 A8 3g & 3mL, HCl 21 mL, HNO; 7 mL
= 71 3 F58719] 0.5M HNO; 15 mLE H7Fska



58719 SFEATE w8714 AAAA f7lEC]
23] AStE s oA 24%F o) a
Fol 255 MM &8 FFER0 EERIER dlo 2
ARE & EE AR, e Evhd RESET1E
WA 87 U W8ES SRE4Es F3to
HRe-8710 H7bsketl, 78718 REaEE 05M
HNO;2.2 Ao ¥Eg-87]d] ¥t Whatman No. 40
A2 100 mL F-uZefnde] oJ9sial B84 2R
B9 onx] foll Hawe] 0.5M HNOsS o83}
AHZ F 0.5M HNO°Z 100 mL7HA] A ¥, ICP-
OES(Inductively Coupled Plasma - Optical Emission
Spectrometer, ULTIMA?2, Horiba, Japan)® -2J3}3t}.

3 HEMKG EY U SFEH 2

Hgak A HellM A EY W 25 29=E 3l
3171 98l ANFHT EF AIEE AT F, ICP-AES ¥
S B3l susEel Uik 38 ¢ A 3
At 7L A}, Table 19] UeRH vle} o] 4= Fo] &
2550 ASH B AT HEF W SES E

_

T B8 EFo=w dEF 10 mgkeollA 2,000 mgkg
Tl Y% As, Mn, Zn, Pb, Cu, Cr 52 3% &
55 o= stk 2,000 mgkeS 2F3R= Al Fe

5o e £50) nAe ggon B Aot Aels)
Ark. A5, B Aol A BAG AR B
oF W Y Be wwE ZAERE AR Fol A

[e]

Bt 1T s Bsked wre &
Alell A= Ase] LG o] A5 FHE=7] wWiEo|th(Jung
and Jung, 2006; Nam et al., 2012). &3k A|H S5
HAeA WAk FAE71Ee] AEI Bl TY
F=E AYol| we} Zn, Pb, Cu, Cd, Al 52 TFEHO

Table 1. Heavy metal concentrations in mine-impacted soil used

in this study
Heavy metal Concentration (mg/kg)
As 1291.32
Mn 98.94
Zn 62.34
Pb 34.77
Cu 21.40
Cr 18.35

A7 e W S

pr

o Azt 59
2 295 Ae A7t EAAFT(Jung and Jung,
2006; Kim, 2010; Nam et al., 2012). Webr], & A4
oA S NRE a5 0 FEE A B8 B
7) 918 A3 AR Te] He FAAR AMEe] 4
B2 Aaela 1 B BT

EDS(Energy Dispersive Spectrometer) ¥4 ¥4 5%
53 SRlsigc 2EAY F, FF B dasel
XRD £41& 53] CaCOx0] HEH =AY 55 HFE
S olgale] BlEAT). Fig. 191 YeRd il 2ol
52 Fig. 1(a} A 2483 E4 Fig. 1(b)
At BFlM CaCosel AHES RIS obF A
8 5 2 FA) 4EF v B CaCO;
Aol A 3tttk CaCOAA &1 Fig. 1(c)ll
Yl sl o] HEEAS FA B4sle] ¥=g 8
JaFom, AHAQ] CaCOs 71831 84 Fo] W

R

ol
-

of AE NH,CIE Y #4014 Fig. 1(d)9} 2ol &
QKAL) e, pHeE QAR EA7} B4 =7] Y3t

|

T3 QQlo]= & (Labana et al., 2005), Ay A
|=5= &9 pHE 43 A3 A8 EFoA 84F
sah FY 271FH pH 33904 2447 olUell pH
58 d3lsle 3o = SAHEo aAEs A8o] F o
T AE IS AFE e AL gl 4
ot o9} 22 CaCOAY H A whgollAe HA
7} 3 A=A ol Al Yehd A7 o] CaCO;
7} CO, gas, H,0 59 AdE°] Yehdt}.

Ca*(aq) + 2HCO; (aq) = CaCOx(s) + CO5(g) + HO(I)

—

it

¥ 2 X

32 b

o

Ca*'(aq) + HCO5 (aq) = CaCOsx(s)+H"

CaCOs& Aok Hhdzt AEsH4Ql A12H, 53] 2
2R Es BEgolMe Hol2S AAsks 717k gt
slod TR 43} o] 84 7kl NH,2HE NHYE A
Ad8tA] ET} (Bachmeier et al, 2002; McConnaughey
and Whelan, 1997).

NH; + H'— NH4+
olelet FHoT AN NI RiuslEse] T

J. Soil Groundw. Environ. Vol. 20(1), p. 56~64, 2015



60 W - HpY - AR - A - S - S - gl
35000 40000
30000 a b
- —~ 30000
g 25000 §
< 20000 =
:E 15000 § A
s g
£ 10000 = 40000
5000
0 | I TS L. A J i 0 L Al ].. A l A
20 30 40 50 (] 70 20 30 40 50 60 70
2 theta (degree) 2 theta (degree)
100 100
c d
80 80
g [
L 60 L 60
3 z
g 40 S 40
£ E
20 20
0 | 1 [ [ l H e bty 0 | | | l |
20 30 60 70 20 30 40 50 60 70
2 theta (degree) 2 theta (degree)

Fig. 1. XRD spectra confirming CaCOjs precipitation induced by plant extract (a) and purified urease (b). The spectra were compared with
corresponding authentic spectra as depicted in CaCOjs (c¢) and NH,4CI (d).
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Fig. 2. Scanning electron microscope (SEM) images for showing
CaCOs; precipitation in the heavy metal contaminated soil. (a),
No treatment; (b), Plant extract; (c), Purified urease. All data
were obtained after 72 hours incubation (bar, 10 pm).
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Table 2. Energy-Dispersive X-ray Spectrometry (EDS) results of the sampling points indicated by the crosses in the SEM images

depicted in Fig. 2 (a, b, and c)

No treatment Plant extract Purified urease
Element
Weight % Atomic % Weight % Atomic % Weight % Atomic %
C K - - 12.53 19.81 11.85 19.96
O K 2.78 6.83 54.33 64.49 46.77 59.15
Cl K 62.71 61.76 - - - -
Ca K 34.51 31.41 33.14 15.70 41.37 20.89
Totals 100 100 100
} 700 -
30 1 mmmm Urease I : _m 2:;;;:;':?::53
o s Plant extract 600 - : Plant extract
3 g | '
$ 2. D 500
.3 o /
= Q
S 5] ¢ 400
= S 60 1
& 10 3 ‘
= 2 40 b
5 1 20 - I_‘ =
EI—.-v-E 0 | . P - —h "‘I_
2 12 24 48
Time (h) As Zn Pb Cr Cu

Fig. 3. Increase of CaCO; precipitation according to incubation
time. In order to quantify precipiteted CaCOj; authentic standard
o-Aluminium Oxide (Al,Os, 99%) was amended as an internal
standard and the results are triplicate measurements * the stan-
dard deviation. The CaCOjs precipitation was not observed in the
No tratment experiments.

ARY 59 A%
ol ehtRe] 7] CaCO, 44
sh527} SNt} 48T ol
3 CaCOy W] Z748S ehfol
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A7olN &8
o] 7k

£
&

As(31.7%), Mn(65.8%), Zn(50.6%), Pb(51.6%), Cr(45.1%),

Fig. 4. Heavy metal amounts in the leachate from the
contaminated soil collected from mine impacted area. All data
represent three independent experiment values.
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CaCOs°| =)o B A} 1F 3=5 w9l s55=
9] oFo] A HoEMN EFCRRE EHE TE5Y
ARl ol rAsEAY, CaCOs9] oz B
pHO| W3l 8ZH= vlA B 559 o] g 3
o= g gk, AEFE 2 PAE aawelas
of oJgt ukgol 23]l AAE CaCOs2] FFo=E BEY ¢
Aol o] o5 AAQ] Speciation ¥3}ol] of7|&h

Sz 1
S

% UKL et al, 2010). WA, E A7 A= H)
FE A B 090 ot Aal 32 3R WA
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Table 3. Enzyme activity assay of reaction suspensions after 72 hours of incubation. Protein contents were shown by Bradford’s method

Sample name Total activity (U/mL)

Total protein content (mg/mL)

Specific activity (U/mg of protein)

Plant extract 8,254

Purified urease 868

219.50
21.35

37.60
40.66

Table 4. Summary of Fall cone test results to measure soil strength

Penetration depth (cm)

Cone
No treatment Plant extract Purified urease
60°10 g 0.92 0.44 0.45
60°/60 g 1.23 0.67 0.68
30°100 g 223 1.18 1.01
HEFES 52 P ssbeditel o el a5 9 Us E 2
sheb WhSSlS ERIsh] 918 7 AE AlREE 84 El CaCLoR Zuds Td3kL 845 F9Y
E—‘Hﬁ-‘ﬂ 2SS TP A== PA s Wﬂ ARt 23] CaCOel EF ollx A
B SRIEs Y AR BEE Sk M HRE AU, olE =Y Y Aole] 332
39T, Table 30 LR ule} o] HAlE QA7) CaCOe] w9 At 2183lE o]F Zo= =] o5
2 Aol SIS T B 4066 UmgE 24 AdFos Z9ab] g8l B 4% AP Fall cone
o] F3laL, AEF=N A7 Afele tht AN F AIF7IE o8-8t st 1 A3, Table 404 B
AR 9] 37.60 UmgE Z40] SRic. webd, 2 A & ule} o] iR giv] eaReEs VW] AE5E

glo] Ao eA HAZ Wk BF A eaRe|as

o SIE W8l o Cacoel B3 Sl A
3, 71 Aol AR S BHEE e A

AL ==0

O Z "|FojHo}l AEFEN A U] 8AFEA
o] AAE QABIES T tiv] L S YAIsk
= 9tk o] Ay eAaRSasrs X
%ﬂ A ] AN ARE AHE 7 A=,
T °"~% zyzy *‘“Z%‘%‘ ‘44 219.50

0]O O o)
MAE = =2

PR
T, el aaRelEds 84]
u O}\HOHL o)
vz e B
Az =o 84

Hg2z

|

2 AoE IR 4= U
THRiddles et al., 1991; Sondi and Salopek-Sondi, 2005).
wEbA, 71E AFEolA BHElElo) 5o PAEZRE
HE = QAR ofd B Aol AlEA 483k
AESFZN §8S AR FF TES 29 EY] A
YAZ vAE Y S F7F A BFE ARA g
ayo)a gir] 4% AEE &8E & S-S g

MAE =
T ot
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51.1% 5 zlol7} ZAslGint. o] e EdE B
ARl A5rt jd AfolvkE ddsidnka 53 &
At} 60°/60 g ConeS ARESIA A& A= *‘%%O—H
o] 735 45.5%, FAE QARG B 44.7% vh
o] zol2 WYY vEAEOE 309100 g Cone @@3
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