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ABSTRACT

Agricultural field near at the abandoned metal mine and industrial area has a high possibility to be polluted by
heavy metals. However, concern about chemical properties including heavy metal concentration has been
increased and biological properties such as soil respiration has been minimal in heavy metal polluted field.
Therefore, main objective of this research was to evaluate soil respiration as an indicator of heavy metal
pollution in agricultural field. Total of 60 sampling sites including each 30 sites of abandoned metal mine and
industrial area were selected and heavy metal concentration, soil respiration, and chemical properties were
measured. Results showed that heavy metal concentration in metal mine area was ranged Cu: 6.21~85.23 mg
kg, Pb: 23.84~1,044.72 mg kg, As: 1.88~691.44 mg kg, Zn: 18.72~527.55 mg kg™, Cd: 0.58~4.27 mg
kg, and Cu: 0.29~30.62 mg kg™, Pb: 4.41~19.77 mg kg™, As: 2.23~11.76 mg kg™, Zn 39.98~109.59 mg kg™,
Cd 0.29~0.57 mg kg™ for industrial area respectively. While no sampling site was exceed the threshold value
of each heavy metals in industrial field, metal mine area was highly polluted with Pb, As, Zn, and Cd. Soil
respiration in the metal mine and industrial area was ranged 12.05~299.80 mg O, kg and 27.68~330.94 mg
0, kg'!, respectively. Correlation analysis between heavy metal concentration in soil and soil respiration
showed that negative correlation was observed in metal mine area while no correlation was observed in
industrial area. This result might indicate that as heavy metal concentration was increased, microbial activity
in soil was decreased resulting decrease of soil respiration rate. Overall, soil respiration can be used as
indicator of heavy metal pollution in soil and more biological properties need to be evaluated to better
understand heavy metal pollution in soil.
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Introduction
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Materials and Methods
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U0l o|gtstM EM 2M o3l EA BAS RN EE AFRIAEE X8 T 2 mm A= A AE 5t
o] AL8oIAL) EF EA 5 EA (Soil texture)=4-2 Hydrometer'Hof| <=0t AT EFS] pHEL A7
T (EC)+=1:5 H,OHE o851 FAELF 10 goll 57 50 mL= 7Foto] 1A17F 2186t Whatman No.2 2 {1f_h
% pH meter (MP220, METTLER TOLEDO)2} EC meter (Conductivity Meter $230, METTLER TOLEDO)E ©|
|5} ZA51e) oFole 2|3t 83 (CEC)= 1M NH,OAc (pH7.0) 8940 2 & 5 [CP-OES (Thermo, iCAP
7500 series, USA)E ©]-851] Ca, Mg, K, Na2] &2 S5t 1718 o~ Walkley & Black'Hof| &5t IN
K>Cr,072 7Folod BES-AIZ] 5 UV/Vis Spectrophotometer (UV 240 Schimadzu, Japan) 2 T8 610 nmol|A] H]A 5k

St F-a it EE2 Bray No.1 B © 2 660 nmOf|4] UV/Vis SpectrophotometerE © -804 H]A a5l ATt

Eo tg| AHE %I-x-l EA-I _=,|_A-I 501:9,] /\H%?S‘I—XJ _EJH 01 lzl_olzij (Soil respiration) O lz._o]:; _g_ é;é'] 78-“] OXitop
(Oxitop Control B6M, WTW, Germany)< ©]-85t] S5t Alats SES AMSS sEEHE 47238
= ZARE S 10 mmo|H]= mhaf stof ARGSHIT. w2 F EF 150 g= Hﬂok |70 P& 9 30°CRANA 1L 7
HjeFstSAnt. o] Oxitope 01851 EY o5 Al A== 871 141 OPEﬂ/] Hols S4sklt). S8t = 4k

S Eq. 20 H¢] 3 ¢Felo] HiSkS Eq. 19 tigdste] EF 253 AF=51eich
M(0,)  V,,

SR = « — « Ap SR =soil respiration [ in mg O-kgTS™"] (Eq. 1)
ReT mpg

Mg(O) = molar mass of oxygen : 32000 mg mol™
= free gas volume [in L]
R = general gas constant : 83,13L mbar mol™ k!
T = measuring temperature [in K]
mp;= mass of dry soil substance in the measuring preparation

/\p = reduction in pressure of the measuring preparation [in bar]

7s

100% (Eq. 2)

Mp = Mpp *

mBt = mass of dry soil substance [in kg]
mBf = mass of moist soil substance [in kg]
TS = dry soil substance content [in %]

100% = correction term
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stek BAM EF AR Y 555 T2 EYYH FAHEA (Ministry of Environment, Republic of
Korea, 2009)°]| &5l 545 A o B <=E5] (Aqua regia) = AAoF T 24352 As, Cd, Cu, Pb,

Zn= o2 AAelg] o, B47]7]+= ICP-OES (Thermo, iCAP 7500 series, USA)E ©]-85t] Z451%]
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A9 QP ZE 015 mm A4S 8 F AGSIHO0] EOPAIE 3 g0 £289) (HCI 21 mLIFHNO, 7 mLyS 5
2 2 2ATF ARSI FAH A &= S 7HE T (Block Heating Sample Preparation System, Ctrl-M Science)<
8511 105°Col A 24152t 7HE o] Eafist At 23l A== Whatman No 2. &{7HA]E ©]-8-5}o] of et &

0.5 N HNO; 2 100 mL A2 519471 o)1= 58] 3)415+ 5o 7]7] BAe A5}t

O

i

FE 22| (Quality Assurance/Quality Control) F5<5 4] gt 4= (QA/QC)E $1oll =4 (BAM-
Ul12a, BAM, Germany)= ©|-85131 0™ 7} 48 Sl-gof tiet A5 AT BE4S 58]0l 244 2}
Z}3HEE 0] ASl-S-9F 9, B4k 4FE51o] CRM (Certified Reference Material )%t} H| o} 0 S 71 T
ol-gst] A= E AL wiol CRM, Blank, 385 77 vfj2jste] A9lstg] o™ o5 o &oto] A5 AA

Results and Discussion

Oletstd EM A EQF EAO] 79 HA| EF 604 F Loam 36%, Sandy Loam 33%, Clay Loam 16%,
Sandy Clay Loam 6%, Silty Clay 3%, Clay 3% 2] E3LE H T}, JARRIT A B AATA] QI 5732 E9F
9] o]3telA E4de] thet box plot< Fig. 101 LFEFHSIT. -85 *g4te] Bt olefela EAJ2 =8 12.56%, pH:
4.82, EC: 0.36 dS m™', CEC: 8.58 cmol. kg, 17]& (OM) &5 1.63 mg g, 8 214 (Available P,Os): 68.5 mg
kg' o] o ArdTR| o] o|sfel EAJ O] W gk SEIE: 25.28%, pH: 6.06, EC: 0.59 dS m™, CEC: 11.70
cmolc kg, 71 (OM): 2.76 mg g™, -8 214 (Available P,Os): 110.5 mg kg™ ]3It} EF pHO| 79 AHdThA]
Q2 573 A] EoFo] AL ol %] o] EoFo] H]5f 1.24 unit A= =0, EC] 3% 2F60% A& B ZAFE 2k
ek F7 1= A ht o] 7ol AFATER| 7 gAY Q1 2] Bl HIol 212} 59%, 68% H ke A AR

& FIEoIH AFY ©2] I ES2 57484 EYRI Z& efold EYEC, f7=%
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1] 0 7o]
s X TT- 1 (e}
A 9]Ql e pH 5.5~6.5, EC 2.0 dS m 1|5h 8712 §3F 2.5-3 mg g, -3 Q14T 80~120 mg kg ' =5=0]H, -
pH 6.0~6.5, EC 2.0 dS m™ H|%E, R7]& &% 2~3 mg g, F-a304F 300~500 mg kg'-& 21T 49 57542 B9
_"

olgfeld EAJ-L A Q] 521 A0 2 AL AT (National Institute of Agricultural Science, 2016).

Ol sAXIe Z2& g EJHAAR AV g AIFEE 47| 5] 55
Z (BAM-Ul12ay2 AF85HY] 3148 #A5S A v B4 i 559 S350 digt ¥ 315482
95.47~102.84% W= ZAFE| AT (Table 1). 55 34t AR 302 -7 FHA] S AHATA] AT 5HA] 30414

o] g JleF B Ax} sPAE 2|91 0] 749 Cu: 6.2~85.2 mg kg'!, Pb: 23.8~1,044.7 mg kg™, As: 1.88~691.44 mg
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Fig. 1. Physiochemical properties of the soil (A: Water content, B: pH, C: EC, D: CEC, E: Organic matter, F: Av.P,0s).

Table 1. Recovery ratio of standard matter (BAM-U112a).

Elements As Cd Cu Pb Zn
Concentration (mg kg™) 9.83 4.14 77.6 198 204
Recovery Ratio (%) 95.47 £1.71 100.50 £1.09 102.81+1.14 99.96 £0.12 102.84 £1.63

kg, Zn: 18.7~527.5 mg kg!, Cd: 0.5~4.2 mg kg'¢] B M= v on A 1] AT 529 ¢ Cu:
0.3~30.6 mg kg, Pb: 4.4~19.8 mg kg, As: 2.23~11.76 mg kg™, Zn 39.9~109.6 mg kg™, Cd 0.3~0.5 mg kg™ &

=5 e UEISIT (Fig. 2). 57 34 QI ES Ul Sa5 g2 4T °11l=7ﬂ A EFU Sa5 %‘%ﬁ
28 225 veEhfi9lon, BE A4of tisf As: 16.38], Cd: 58] Cu: 3.28H, Pb: 20.58] 12]37 Zn: 1.88] A= =
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S Fa% de e Ul HE & mPdAR] B4 3R] A9 IEA QY EF U SE5 Bt i Eel As3.8

- Ol H1 O
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Fig. 2. Concentration of heavy metals in abandoned mine and industrial area (A: Cu, B: Pb, C: As, D: Zn, E: Cd).
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22 Table 201 FEFH LY. 5= 342] 749 EC, 7718 &3, CECOl| thall B S-87F0] o] AJTIAIE LEh
o™ pHoll thaliAli= &2 A EAE Bk ARTR] Q5782 EYC] 9= 35 A 7 A 2 EC, #
71& e, CECO] thafl o] AatAl S L Qlet. Fig. 4~8 4 534 e 2 EY S 533 v w
A& UEhd e moln a4 o] AEA] ol U A Fa kol shelsH] e8] UEht o, 4
dHA| 0] A9 Fas o] Hot
(2015)9] AT A 24 A4 5 EF AYE-FaH Cd, Pb T X 57 Al B4 Av -2
£ UeRfH o]z 2 A Autet AR A3kE ]l o] AutE Higo 2 Mol ot EY W fasas &
ol et Eagol vitelA Hiskole] @ QLS B7loh= QAR E-8E 4= Utk A= Hoh (Nwachukwu and
Pulford, 2011).
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Fig. 3. Soil respiration in abandoned mine and industrial area.

Table 2. Correlation of chemical properties of soils with soil respiration.

Soil respiration

Chemical Properties Abandoned mine Industrial area

Pearson coefficient of correlation P-value Pearson coefficient of correlation  P-value

pH -0.316 0.089 0.315 0.090

EC 0.764** 0.000 0.373* 0.042
Organic matter 0.740** 0.000 0.392* 0.032
CEC 0.426* 0.019 0.365* 0.047

* P<0.05, ** P<0.01
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Conclusions
= 5 . i o = i I O = ke 5 A
F Fr - mpgAtelA fEEE A 7= iU EE Qe e e o] ARt wAlolth Sas AR
3

27|15 Cu (150 mg kg™), Pb (200 mg kg ™), As (25 mg kg™), Zn (300 mg kg), Cd (4 mg kg )= Z1}5HPb 23~1044
mg kg, As 1~691 mg kg™, Zn 18~527 mg kg™, Cd 0.58~4 mg kg gto] AEEQ0 ™ Cu Egh-9-217|52] 50%7}
Y& Cu 6-85 mg kg gho] LFERdTh EoF 5. 87R2 8.76~218.04 mg O, kg™!, Bt 57.27 mg O, kg ' gto] Ut
™ FEE Frol yhalElsHA S4=]9lct det 573 2]9] B¢ S5 5= Cu 0.29~30 mg kg, Pb 4~19 mg kg,
As2~11mgkg”, Zn 39~109 mg kg, Cd 0.29~0.57 mg kg L0292 7|2 & 219t ghe AEE|A] oottt &
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