ISSN 03676315 (Print) / ISSN 2283-2162 (Online)
Korean J. Soil Sci. Fert. 48(2), 146-152 (2015) Short Communication
http://dx.doi.org/10.7745/KJSSF.2015.48.2.146

Effect of Chemical Amendments on Soil Biological Quality in
Heavy Metal Contaminated Agricultural Field

Yoo Chul Kim, Young Kyu Hong, Se Jin Oh', Seung Min Oh', Won Hyun Ji’,
Jae E. Yangl, and Sung Chul Kim*

Department of Bio-environmental Chemistry, Chungnam National University, Daejeon, 305-764
IDepartment of Biological Environment, Kangwon National University, Chuncheon, 200-701

ZTechnology Research Center, Korea Mine Reclamation Corporation, Cheonan, 331-803
(Received: March 5 2015, Revised: April 16 2015, Accepted: April 18 2015)

Heavy metal pollution has been a critical problem in agricultural field near at the abandoned metal mines and
chemical amendments are applied for remediation purpose. However, biological activity can be changed
depending on chemical amendments affecting crop productivity. Main purpose of this research was to evaluate
biological parameters after applying chemical amendments in heavy metal polluted agricultural field. Result
showed that soil respiration (SR) and microbial biomass carbon (MBC) were changed after chemical amendments
were applied. Among three different amendments, lime stone (LS), steel slag (SS), and acid mine drainage
sludge(AMDS), AMDS had an effect to increase SR in paddy soil. Comparing to control (93.98-170.33 mg
kg'1 day'l), average of 30% increased SR was observed. In terms of MBC, SS had an increased effectin paddy
soil. However, no significant difference of SR and MBC was observed in upland soil after chemical
amendment application. Overall, SR can be used as an indicator of heavy metal remediation in paddy soil.
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350
- mm 032013
o O 07/2013
0 300 1 102013
9 O 032014
. 250 - Il 06/2014
(8]
g 200 -
E 150 -
® i
v 100
o
é 50 - H

I 1| I M

C LS SS AMDS L+A
Microbiomass carbon in surface soil of paddy field.

*Corresponding author : Phone: +82428216737, Fax: +82428216731, E-mail: sckim@cnu.ac.kr
§Acknowledgernent: This research was supported by “Optimum Remediation Technology for Heavy Metal Stabilization and Soil
Amelioration” through the Mine Reclamation Corporation (MIRECO) funded by the Ministry of Trade, Industry, and Energy.



Yoo Chul Kim, Young Kyu Hong, Se Jin Oh, Seung Min Oh, Won Hyun Ji, Jaec E. Yang, and Sung Chul Kim 147

Introduction

FHA Q)

FAF QI A 9 BEFlA 9 a4 el
S FHoll wet o] & sfdsty] fIgk ohek
=] BAE T Qlt}t (Muhlbachova et al,, 2015), &
egom olat BAX BAPORE AL s
AMD, Acid Mine Drainage)ol] 2§t ¥ <=~A| 273 9] &3}
A} (yellow boy) T WS}t FA) (whitening) S0] 9o
B W nAEe] A et 22 AEA wet 5ol of
FA o]t} (Nwachukwu and Pulford, 2011), $-739] S5
LR AA Al Ve A o e 53] S
o sAA N A A= WY Fas st Ve
zsto] Aol —f—;—ﬂ% —°r AAA B 2220 EE
Zrof] W kS GHIA]7] 7| = St} (Naseri et al,, 2015).

Fa5 29 3'175‘74% HY517] flsiA= =1, 2t A

=314 S o8 4= Qlrk, ShA|NE tiFEe] o B

o (heat) T AMYEA T} 7+ 3lehE AL
ARESE7] Wil 22 AulisiioF sk w7 Alole 288
7] o2& AAo|t} (Oh et al., 2011). Thet B Wy 5
HAAA (in—situ) LA HYsHS A v]go]
Aoty B W 552 £83} (immobilization) A&7
o] FlolUaL EoF AelAo] w2 apol Hek ol
Qlo] da] o] 85]ar Qlt} (Castaldi et al., 2005; Gray et
al,, 2006; Friesl et al,, 2003; Mench et al,, 2006).

EY nES BEYY B EE FHAIPI7E 5h B
W 7159 &8l 2 G gl F23 JES et
(Kizikaya et al,, 2004), 3HA|Ut BoF U] =& HE9] &4

& n =S| gt opel T o] WY, Alzd )
¥ S A mESY AYsH 75S ASHAIA g2
2 E9F9] 752 AA)Z) 7| = Bt} (Renella et al,, 2007;
Jiang et al., 2010; Leita et al., 1995), wa}A] n]APE2L] AY
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A, BT, 22 AN ogEe) Bl ol =)
54 Wiz} 52 Eopo) oUES Wlsherl Fa Ax2
A= 4= 9ot (Nwachukwu and Pulford, 2011).

2 Q79 22 B F34 09 BAAE gAeE
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Materials and Methods

Al x| F AMEIH F55 2 573849 st
2| QHst i Algoll wWhE BEsH B4 HskE 2UE
% 3] e AR A Bt F5 Tl 9T AW
AF (N 37.01,52.32, E 128.14.36.32) ¢l =AAE A9}
Stk stehd ogst BUE B8] e sl A
314 (lime stone), A|7FE2 T (steel slag), W AHAF3AbH]

Table 1. Summary of constructed experimental plots in field.

Mixing
Amendments Treatments

ratio
Lime stone (LS)

1. Control
2. Contaminated soil + 3% LS
3% 3. Contaminated soil + 3% SS
4. Contaminated soil + 3% AMDS
5. Contaminated soil + 3% (LS+AMDS)

Steel slag (SS)

AMD sludge
(AMDS)

4> £9A| (acid mine drainage sludge)S ©|-835}500 A
2] Hl&-2 A 2|to] BoF FA tin] 3% A st A<
T Ax] HPHE olASHA 2330 R QHEY 40 cm &
ol SHHskAl 3%5 St & UMiAH (randomized
method) & ARE-3L0] AEIGTE 2 A2lTte] A7) 4 m”
2 mx2m Wxl)Z 4 st3lem Ae|Ttof| et 82
Table 1°]] 7g2Js}3lrt,

At AA] & BEY AlEE #E (0-30 cm)$}t HE
(80—60 cm) = F-E3}o] 712 2013¢ 3¥HEE 2014 3Y7}t
X 195, 285 56% {HoR AsIRew] 7 Hel
Ame 22 AatoA 3719 AlmE AFE & Feto] st
Lol Alm= Sto] ZEAof ARSSHITE

EUo| E2|setY EY H S35 B4 =239
4 B4RAS AE ARE 208 T 2 mm A2 4S5
of ARgstlen AEH SARAS QI3 AlRe 58 4
S FA8k7] flsl W 2at 3 7Y ot B4 Al
s

E9Fo] EA Z BA (soil texture)> hydrometeriof &
3 At om stekA A Frh ol tiet 42 = H

Qa2 ee] o Ul A2 w‘a (2000)0] F5}o]
Akl =] pH(1:5)2F EC(1:5)= FHEY 10 goll
50 ml-& 7}5to] 3087 7,4_1‘%}5]-_1_ Whatman No, 22
HAIZ] & pH meter (Orion mode 921A)2} EC meter
(Orion model 50 conductivity meter)S ©|-&3slo] Z+z} =
ABRT}, 2B BlEEe. S 30-40 g& AZ7]of Wil 105°C
oA 24X AZBT A2 RAE AZF FA o
o8 AXkstAT 9718 FteRe walkely—black HPHo| w
2} IN KoCrsOrgr 7Fske] WREAIX1 £ UV/Vis Spectro—
photometer (UV 240 Schimadzu, Japan)® 4} 610 nmo]|
A B Akt FalAr FF bray No 1 'O &2
Z23}9] ammonium paramolybdate®2 2FMA|Z] 3 u}R}
660 nmoj|A] UV/Visible spectrophotometerS ©]-83}0 HJ
A kst & s EoF 1 g HSO—H0p H4] &
3] 5 BEajjoie Kjeltec system (2300 Kijeltec analyzer, FOSS)
< olgslo] At 213 Folke-2 M NH,OAc (pH 7.0)
golog 2= 5 AAS (Atomic Absorption Spectrophotometer,
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Shmadzu, Japan)S ©]-83}%] Ca, Mg, K, Na9| kS =
Relolet, Eoe] Fa4 HH2 T AL EOET
AR A EAY (aqua regia)oll E31500] 717
B2 ICP-OES (Thermo, iCAP 6000 series, USA)S o]-&
sto] AAjalsich
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EQkO| slM EM
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= Iz

Eoko] QEsLA] EAQ

00
IlHI]

MESHH £ 92
E9FS5 (Sail respiration) T} wAYE AYANEF (Microbial biomass
0o ZHe B =of nlYE AT 00)olA AT
w4 el Zalo] AT, EYTES 4E (AEF
S 100 9 300 mL §F2] Bepael 71 23 F 0.5

M NaOH7} 501%l+= vial W& AF¢lstalen, WE 5 25°C
oA T2AZFERE HiFSHIATE Bl = vial B Aol
phenolphthaleing AJA|2FO & 1 M HClS Algsto] S%M4
ol 402 Alo] ¥IgH u7x) A€ 51912, ThA] bromo—
cresolgreens A|A|QFO & 0.2 M HClE AR83to] ZE2M0]
A g o wHEE wj7kA] Ak & AR 0,2 M HCLE]
oFS- 3hAlslo] €O 9FS AL

A& YAFE 8 HAM & (& 50 g D=
He & FRREE oF 50 mLe} HIEA0] ol
A 9 5& A& petri dish®t &7 %15 Desiccatoro]] o]
ZAL Gy A AR 7ML SR E20] 1)
So17] A|ZSFAL LA 38 & Desiccator®] WHEE 2131
o] AR 25°Col|A] YRACT 24AI7F A=A NHTh 5
Desiccator?] HEHE do] 277} Soj7l= AL g9l
E90]%)= petri dishE WA & & 7Y, 27|15
dAele] FRRESL AANI. 2 HlAo|
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Results and Discussion

SA EY EY @] AelE AAs] A FA E
o] EAJ-2 Table 20| Aejsloltt, 54X (=)2] B2 <
E (loamy)d EAL 71X 9iglow fHalek gl 229

L 7}7} 6.67%, 1.46 g cm "O.2 ZANE|QITE EoFO] 3
oA B4 W7t A9 B pH 1SS, FEQkt 52
Zko] Zkzk 6,43, 17.43 g kg ', 200,88 mg kg ‘& FA}E|o]
U FHA AU Qo] B AoRE ARG

AT A o) 2AE FE4 BFL O, As, P,
7no] keFo] Z¥zk 4,83, 291,11, 163,01, 307,39 mg kgfl_o_
2 Po2 AN 3359 Fa4 Bl EFed el

2 2ot

Ml 534 8 I Azl didt F559
g Wals WU 817 s 9l &<l 0.1N HOLY}
1.ON HCI T%‘ﬂ—e— l%ﬁk’% xel o] 224 okl a8

IS A2
HJr—?: %%ééﬂ %%ﬂ 3‘1% é% o ‘_6}7] ol#on toFst

Hrhstec T 2242 01N ch% 8ot 01, o
3 A S A g
Aelte] Sa4 e o] tlate] njs) m st
© AoE A (Fig, 1. 82 Cd gkl digh ¢k
Yok BRHS B/RE A3 aTe) A7l i SEe)
0.75 mg kg ‘ol "3 A3]4], A7FEH 1, AMulaEeA,
2l MBIkl L A S A Aeate) Be s=rt
7}7}+ 0,55, 0.66, 0,75, 0.55 mg kg '2.& A3|4 ) 5|4+
deleEEAl ) Aded L) AMuleesAl oz ¢
A3t B&AE el AR =g (C)el 7

iz o] Basw2l 0,64 mg kg o} H|wEte] 454, Xﬂ
dadia, AgeeseAl, 2 Ak dulaEe A o

i 7} 22 0,44, 0.43, 0.63, 0.50 mg kg 'O 2 A7

Table 2. Physicochemical properties and heavy metal concentration of experimental paddy field.

Soil properties

Sod S Al e M B SRR
% g em® dS m’ g kg'] mg kg'l
36.9 455 17.6 1.46 6.43 0.37 17.43 200.88
Concentration of heavy metals"
Cd As Pb Zn
mg kg']
4.83 291.11 163.01 307.39

*Heavy metal concentration is measured by aqua regia.



Yoo Chul Kim, Young Kyu Hong, Se Jin Oh, Seung Min Oh, Won Hyun Ji, Jaec E. Yang, and Sung Chul Kim 149

10 14
- week . 1week
1 12weeks i n [0 12weeks
_ N 25weeks mm 23weeks
_ 08 [ S6weeks _ [ 56weeks
® _g 10
g 06 =
B
2 €
S ) 6
2 04 8
c
s <]
<]
o oy
i g
(o]
02 |
00 0
Control Ls 58 AMDS LS+AMDS Control Ls S5 AMDS LS+AMDS
60 25
I 1week . week
M [ 12weeks [ 12weeks
50 . 28weeks - . 28weeks
. [ S6weeks 20 [ 56weeks
2 M g
@ 40 =]
£
= E 15
S §
T 30 E
5 €
o 2 10
s =
3 20 8
I
N 2
9
10
0 0
Control Ls 88 AMDS LS+AMDS Control Ls S8 AMDS LS+AMDS
(@
1.0 10
 fweek  fweek
1 12weeks [ 12weeks
I 28weeks I 28weeks
_ e M A n [ 56weeks - @ [ 56weeks.
n o _ o
2 . %
o =)
E, 06 E 6
< c
2 2
E 5
€ T
T 04 g 4
= £
8 8
3 £
0.2 2 |
0.0 0 I H H
Control Ls Ss8 AMDS LS+AMDS Control Ls S8 AMDS LS+AMDS
70 30
- week - week
50 O 12weeks O 12weeks
- I 28weeks 25 _ I 28weeks
- m [ S6weeks = [ 5S6weeks.
2w M k]
@ o 20
£ E
g ® g
g g 15
g v B
5 5 10
Qe 2 o
I £
10 5 |
0 0

Control Ls 35 AMDS LS+AMDS Control Ls 835 AMDS LS+AMDS

(b)

Fig. 1. Concentration of heavy metals extracted with 0.1N HCI for Cd, Pb, Zn and 1.0N HCI for As. (a) surface soil, (b) subsurface
soil.

SO (EE BN A (EE 399 HYSE ARl Wb Weh gk B VY 8 EOF pHE LeRd 434
Vg Okt (D)9 A9 EESH AR mEOA T2 F (29 pH 7,604 Fa4 Qs Agol M &S Ao
4 Ul Bj3) AP 2O oPyet BRAS Ukt 2 AREC (Ye et al,, 2015),

=5 Hojae] A9 EEG ARG AT (B b= obdl ()9 A% FESE AR BT AYHGEeIAE A
6.18, 7.53 mg kg )0l HI3l 212k 706, 60.1%0] S oF O3k pulx) Al olAle] S 288k Hgol 242} 235
ok Bge thehhglch e thE Sl wsl pirk & - 98.0% (B9 187 - 35.2% (E)E UeRton] 4k
o Qe AN AP (0D B BHFHE & WieEuAY A9 O Skl Hd Hla (99 Qe
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kg—1)of| H3} 44,9%7} AZFstqict. AMJullEe|AE o8
gh H|4:0] SHYsl g HikskEe] oJjt 3% (co—pre—
cipitation)o] &J3] F= WAYshH AJul=&YR] Uje] A
AteHEo] ofgt Hlao] F3of oJet HgS}t mEo] A U
Ehd Ao 2 AFRETH (Banerjee et al,, 2008; Kim et al,,
2013), QP mE Fa459] 5838 agAdS T
B Cd, Pb, Zni} Z Fol& a4 4 24| pH
£ AsA7le AEA Y aeidol wen g0l ol
29] P2 EA5k= AsO] A9 Alebdol o3t ¥ A
= Uehlle AMdulieEeiA] o] eHel aardol =3t

EQF O|ME AMix||2ZF (Microbial biomass C) & EQF
=Ego] tisll AqHTAIE A=
gt & AJ7hol| w2 A= AR (MBO-S U E RS A3t
A3 dat AJufjeE A E E3eE AT REE A9
gk BE AEate] RES} AEA ullE AA|EFo] it
(Bs= 74.3 mg C kg )ofl B3] F7I6h= Ao R 2ALE
et (Fig. 2). FEQ] 7S AZ&Se L (94.7 mg Ckg ) )
A3)4 (82,5 mg C kg ) » AMI5&EA] (76,0 mg C
kg) > ABA+AIEISEA] (69.6 mg C kg ) &O

S35 (Soil respiration)

350

MBC7} Z71etom AlEe] 749 A3 +4dul& 2]
(125.8 mg C kg ) > AZFE:L (117.4 mg C kg') ) 413]
4] (88.7 mg Ckg') ) A= %] (85.2 mg C kg ) 4=
o= uAE AAFo] F7FsHLE At wE MBCO]
Z7F= BES}F AE9] o] Aolstart, HES] - 4
S| +HAMEleE R 9] HE|at Wf MBCE] oFo] w2 RHH
AENME 7 2 202 A olsh At
gt HEkst o]z BHEIA|A] ok o} =B ARl o
@713 2= AAuleEE A felo] e ek
g 2]o} (sulphate reducing bacteria)of] 2]+ MBC2] <7}
7FsAdo]l & AoR AlREHT) (Johnson and Hallberg,
2005).

FTHA| Ao 2 EYEE-S TUEHS At A7
Pt EFEEL ET (142,44 mg kg day )@} Ml
alo] & xfolg Holx| Aottt (Fig, 3). EL] - ¢Hs}
A Aol w2 Eoksge] = AMulaEEA] (184,04
mg kg ' day ) > A3]A+AMJEIGEE %] (156,75 mg ke
day ) > AFEIAL (15158 mg kg ' day ) > A4
(145.75 mg kg ' day ) <=0]¢lon] AMujLe A A2
3F A te] Eoksgol g At vla) oF 23% w9kth
AEQ] - HYSA| Aol W2 EFEgo] A7 57t
£ izl vjal A okt AEAAMY] EYTES A
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Fig. 2. Result of microbial biomass carbon in each treatments.
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Zr&e1 AelTrr 2T (118,90 mg kg day Dol B3|
oF 6% A& E%oH ToRE AFMI AUl

2]

AE ST A27E oF 5% Ak HizTtol| vl =9k

B Aol wE FESH 54 WIkE SR
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Fig. 4. Relationship between heavy metal concentration and soil biological properties.
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Polx)= Aol 71908k QFYFA| Ao E EQF W 3
739] Zo] aRAkE Ao 7 AR Fo} (Nwachukwu and Pulford,

SERo Hid] wE Ef W Ak S| A
WAE AEH HERGE FE|A 2 oo digh 4t

A7t geteA SR1ESI. 53] Cdat Phe] - EF W
Fa40] GRS} el wet EgE ol F7kel of
off g AASgk (R)o] 22t 0,81, 0,822 e Akt
E} (data is not shown), A13§<ite] oJ5hd

ghao] 7718} (Imnerahzatlon) Hsl=s
T
of Fa4 ol U SAES Brlohe Tr%} e %
lo]t) (Nwachukwu and Pulford, 2011), & 52| Ax}
SN Bl HEE 2ol e EFEE] TP B
Hlof MAT A} fAF AEE wEIALT

o
et
i
o
i)
T 32

Conclusion

WA 2 ABIA E4o] Z71sksict. wheba] £ A7
2hE Hleo R F4 09 4700 e s A
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Aol TR BEAE BHT 4 9 AOR AmEh
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