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ABSTRACT

Received: September 18,2017 Organic amendments such as animal waste compost, lime-bordeaux mixture, and lime sulphur mixture contain
Revised: October 17, 2017 heavy metal(loid)s which are toxic to human being, animal, and plant. The objective of this study was to compare
heavy metal(loid)s contamination of soil between conventional and organic farm. Soil samples were collected
from 10 conventional and 38 organic fruit farms. At each sampling point, top (0~15 cm) and sub soil (15~30 cm)
were taken using hand auger. Total concentration for arsenic (As), cadmium (Cd), copper (Cu), nikel (Ni), lead
(Pb), and zinc (Zn) in the collected soil were measured. The pollution index (PI) for heavy metal in organic farms
indicated it was unpolluted area. However, mean value of PI for organic farms (0.143) was higher than that for
conventional farms (0.122). High Geoaccumulation index (Igeo) for Cu, Pb, and Zn implied that grape farms were
more polluted than others fruit farms because a lot of lime-bordeaux mixture and lime sulphur were applied in
organic grape farms. Especially, top soils showed higher level of contamination than sub soil. Based on the above
results, organic amendments might cause accumulation of heavy metals in soil. Therefore, particular attention
should be paid for concentration of Cu, Pb, and Zn, when organic amendments are used in the organic fruit farms.
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Comparison of total heavy metal(loid)s concentrations in soil of conventional (C) (n=20) and organic
(O) (n=76) farming in different depth of soils from five fruit farms (Values with same letter within a
row are not significantly different at p = 0.05).

Heavy metal (mg kg™

Value Soil depth Cu Ni Pb Zn
(em) cC 0 c o cC O cC o
Min 0~15 5 7 32 7.5 13 15 31 34
15~30 5 6 2.6 6.5 13 6 37 29
Max 0~15 47 123 77 47 54 157 129 189
15~30 12 61 78 53 87 105 91 132
Mean 0~15 17a 3la 26a  22a 21b 48a 69a 93a
15~30 12a 18a 17a 25a 27a 26a 56a 67a
Warning criteria " 150 100 200 300

TWarning criteria value: Maximum permissible concentration of heavy metal in soil established by
Korean Soil Conservation Act.
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Introduction

20130 I HH A7 52599 (IFOAM)ol 2 AlA] §71825 APdtEa 7209 92]= 2008'E0
2F50% S7FoFAal, vl 20% W2 2|42 0 2 ARFsHal @Itk (Lockeretz, 2007; Willer and Yussefi, 2007). $-2
U} T3 -67155AHE AjE) H210] 20001 296 haoll4] 2014 715 18,603 ha& $-2]Uete] 5734 HAo] 2|&2 0 &2
Aaslk= FAYNE 6kl 715957 S7h= —J—’#—HWOE‘F & At} g2l §71 s A2 A2 2001
W sdufe} Aol AlE & 215k Gl Feb s dsAd 571 Al of et g5 = A4 skl glom, Fs
20200f1%= OF 63 609 T2 2012 tjH] FHllof @&k A 0 2 AT} (Joo et al., 2010; Jung et al., 2014).

7B ] dEs A, 524, P, SR FEdE A et EPIE 2 A= S8 77
FAA ] F HEe =i, AR, TR 2 7o | Ko and Kim (2016)0]] T2 H, =7 W] H] 4 (As) o] &5
2 12mgkg’, 7] (Cu)2] $H=F2 286 mg kg, ©F (Zn) Q] T2 884 mg kg 0.2 UERHEA, 7172 i Wi Cu
286 mg kg, Zn®] T2 361 mg' 02 H 1 E| ek 3 HohS WAL f7 s dA ] F YR HE T,

5, AtAslsa -2 31Eo]™ Lee et al. (2017)0f 2 W, A3 H 2 ol U Cuo] k2 845 mg kg, Zn o]
3,477 mgkg' 02 W E|Q)r. @A Ul = 5715 A W folkEd-S wefehr] ol =i a4t
2 Lol 715 A BA] 71552] o 2FA @A AA (fraldw)oll et AAFE 9152 skt EIE 2
68 A= AES 7] B4 (As) 20 mg kg, 7F=8- (Cd) 2 mg kg™, ' (Pb) 50 mg kg™, 7+2] (Cu) 120 mg
kg, U7 (Ni) 20 mg kg, ©F¥1 (Zn) 400 mg kg © & Fa< 7|52 218 Teofal et ShA|Rt A 3| 2 tr ol &
Aot Lol ol WAlgoll izt 7|l glo] T2 HoHA Alx 2 A=A Qlet

A7 SEEH| Tl IE EY U S35 F2 o gt A= tiF-E w7 lolA olFolzlon, f71sd
2] X%EMI g S S0 PE Q77 nHlsith Eot da-grtoll A AR == HollE WA -f
e Fas sk 7150l L 32 0 2 AR &= A3 H = T off 9l [oeba| o] ARG ek 22k A7 o] Qx| oF
o}, WEbA] 2 S 71 s GRS ARS S Has7 ket TRl s S Hlaste] o1 s AR O] ARg ol T B9
FTEE0 LAY EE efstarat AR E
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Materials and Methods

AEMF st X9 Y EY AZiMFL} S35 SAUE 2 A9 A2 2vete] das
v Al 2 Q1 530 = HeF (AR, A (%), Al (2), U= (), B (& ATk EG A= 25
= 1715 AE7HE 3823 Rl 57T F 10213 ol A TS o™ 0] F71E AV 571 Table 13 2
o AHE A9 U 77 sd 571 T srte] Eqfa AF Al ta3/d-S 7HA17] S1o 54 ZA] U 370] 213l A 4|
75 2odoto] a5 S Ao ARSI EF A EAF = f71ES 2ol W & BHE (0~15 cm) 2 A E (15~30
em)E A= 27 (X5 6.6 cm)E °o1-85to] eIt EY Alme A1 E S 2 mm YE2 AE FHAA ARES
o Ta5 A2 ES L A5 ARl =5to] EGA=E 150 mesh ©[oF2 4ff5to] ARESIITE EYAI= 3 ¢
of| &F (HNO3 HCl, 1:3) 28 mIE 7}olo] E3ll6HATt (Ministry of Environment, 2010; US-EPA, 1996). E-3af1 A]

8

29| FFZ-2 ICP-OES (Inductively coupled plasma optical emission spectrophotometer, Perkinelmer ICP optima
5300DV, United states)= A% SISt
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Table 1. The number of selected fruit farm for soil sampling.

Number of fruit farm

Fruit farms
Conventional Organic

Apple 2 6
Grape 1 8
Mandarin 2 10
Pear 2 7
Persimmon 3

Total 10 38

0

— =

EY 534 Y 38 AT E AN TS5 2 S o] ffetd ES U S5
]| tie EFES5E (BAM-U1122)2 o]l AlAgH HiH o 2 2519t} E3915-22 (BAM-Ul122)2 £4]
St AT}, Wt 3480 As] 79 96%, Cd-2 104%, Cu=96%, Pt Zne 102%= LRt EF Hofl Al= W 5
ICP-OES (Inductively coupled plasma optical emission spectrophotometer, Perkinelmer ICP optima
5300DV, United states) S ©]-85}o] =45}t

T "Il I EY Ul Sa5 a9 E TRl st Blush] e S
ol 2|42 B & & Q= 2 FA|S (Pollution index, PI)2F 2|81 “5=A|4= (Index of
geoaccumulation, Igeo)E ZYZt At 51T (Gowd and Govil, 2010; Krishna and Govil., 2008; Loska et al., 2004;
Muller., 1979; Nikolaidis et al., 2010; Xingxing et al., 2013). EF 355 2 H| AL E H7loh= 1 SolA 24
2|4 (PI)y= 554:9] 51-89HAIA] (Tolerance level) S ©]-8510] B AL S Hrlsh=HHo 2 S oFa

o1 =
518 SHAIX|+= Table 2& 7% 510] L AXSE BrlsFa, $HHAe,

Heavymetal (loid) s Conc.in soil
o 7] 2 _ Y
2B (P =2 The numbero f he avymnl (loid) s (Eq. 1)

oltt. e P g2 I 7 FRE LAX|eF B L HA| 2 tE 4= T (Table 3).

Table 2. Tolerance level of heavy metal(loid)s.

Heavy metal(loid)s As Cd Cu Ni Pb Zn
Concentration (mg kg™ 20 3 100 50 100 300
(Reference: Kloke, 1979)

#|8¥oF4] ‘F=Al= (Index of geoaccumulation, Igeo) 7158178 (background) E¥0] Se5dd= o8l &

% 09 FAES W 4 Ik L5 AL 7| YR U] ST FPANE B Sl B Aol B

o

— = Heavymnl(loid)s Conc.o f Sample soil
Z2|5}ekA lr_:,Tz 2~ — ymmn
]2]— © ZHT (Igeo) 10g2( 1.5 X heavymetal (loid)s Conc. o f back ground soil (Eq.2)
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ot} A4 Igeo A2 Muller (1979)°]l 2Jall A|IA % Index of geoaccumulationS ©|-85H] H7Fot 1l B7= H]

2% (Unpolluted), T2 (Unpolluted to Moderately polluted), 572 (Moderately polluted), 22 H
(Moderately to highly polluted), 74X 2 % (Highly polluted), tHZ. 2 (Highly to very highly polluted), 9182 ¥
(Very highly polluted) 2 W+31T} (Table 3).

Table 3. Classification criterion of PI, and lgeo.

Assessment method Classification Level of concentration / pollution
PI<1 Unpolluted
M PI>1 Polluted
Igeo < 0 Unpolluted
0<Igeo =1 Unpolluted to moderately polluted
1<Igeo <2 Moderately polluted
Igeo 2<1Igeo <3 Moderately to high polluted
3<lIgeo <4 High polluted
4<lIgeo <5 High to very high polluted
5< Igeo Extremely polluted

(Reference: Kloke et al., 1979; Muller et al., 1979)

SARM 7P STV sd T s EG Ul B S35 0] FANEAS 910 statistix SAI TR
14 (version 9.0)& ©1-80Frt. A4 to] Zfol5 H|wslr| $lsto] ZARE 2F&= ANOVA A3 Fot

of ALk, F-test 27} ko] p < 0.059] HISIOA F212t o5t 2k o)k 27 (LSDYS AAIsHAL,

ot
4]
gl
™2

Results and Discussion

El

EY U 534 BY A/ IsREASSR 17159 sl Basvtel Bl B4 dtre v

oo =
517) 9ol & S 257S Z4slo] | WSt} (Table 4). Tas719t 6715710 EoF U] As@tCdS AZ 7
A gt At Ao 2 EA st =

-

¢

= $h 6] TEE B BRI AN 27 |5S 2okA] gt Al
Aoz WM, Niol g2 I s7el f71s st 2l feleh ztol7F vehtz] ot 4715 s7He] BE
(0~15) W Cu®} Pbe] Bt Tk Tl s7tol visl oF 2vi7 b =8kom, §7 s A7l HE W Zn o] B a=ke
Wes7F ] 25% =8kt Wl E7E M) 715U s 7] HE W Cu, Pb, Zn9] &2 10~15% =2 HF HE W

it

L 1-5% Soleh, AEHT EE] o B FT40] 245 21 715 ARo] Felel 7]l o Hick
o} 58] 8715 71l o] AT Qe FhEH Hil, HE ol F15E Cu, Ph, Zn 50] FH4S 95
oI} o]ed 971 AP =91 EOF U] Cu, Pb, Zn®] TR Z7PAIZIC B 1H] I} (Brock et al., 2006;
Genevini et al., 1997; Ko and Kim, 2016; Lee et al., 2017).

i_l
[



Comparison of Heavy Metal(loid)s Contamination of Soil between Conventional and Organic Fruit Farms * 405

Table 4. Comparison of total heavy metal(loid)s concentrations in surface (0~15 cm) and sub (15~30 cm) soils of
conventional (C) (h=20) and organic (O) (n=76) farms (Letters in row for mean value are for C and O comparison. Values
with same letter within a row are not significantly dlifferent at p = 0.05).

Heavy metal (mg kg™

Value SOi(l de)pth As cd Cu Ni Pb Zn
. C o C (¢} C 0] C (¢} C o C (¢]
Min 0~15 0 0 't 5 7 32 175 13 15 31 34
15~30 0 0 tr tr 5 6 26 6.5 13 6 37 29
0~15 2.6 24 tr tr 47 123 77 47 54 157 129 189
Max 15~30 1.7 6.5 tr tr 12 61 78 53 87 105 91 132
Mean 0~15 03a 04a tr tr 172  3la 26a 22a 21b  48a 69a  93a
15~30 0.2a 0.7a tr tr 12a  18a 17a  25a 27a  26a S56a  67a
Warning criteria T 25 4 150 100 200 300
Ttr: trace.

TWarning criteria: Established by soil environmental conservation act of Korea.

EY 534 QU Tt FE40] S8 (Table 28 2AR EF 5349 0 IS ArhEel A5
EAT 2G5 (PD) S Bl e o ie Guslo] el & gt Baa0l 534 09HEE 4
afol7] 1 820 2 EEI9T (Kloke, 1979). 2. 82145 (P o] 11Tk T9 554 0. 4 <jo]1, 1 ofsh
Bl GA S0 2 P G 4 Ik 2 A7 Lk PLgES Al 0.35 oJ5tE 2ol Ml @A G0 2 wii)
o, Talls7lot-57 )% 5710 P 4212 |l E A0 2 71597 ke] PL 4A7h o S L0 Uet

YTt (Table 5).

Table 5. Pollution index (PI)s of conventional and organic farm.

Value
Pollution index -
Min Max Mean
Conventional farm 0.032 0.213 0.122
Organic farm 0.037 0.34 0.143

F71EDE7He EYE L HA E¢o = Aokl e Ro A AR e|uet A vl s A ELO] Sa5
SF (ME, 2014)= 7| EFo 2 A7gsto] ARl S5 L AP EE AFER gho] Z|3tetd 55415 (Index
of geoaccumulation, Igeo)©|t}. Fig. 13} o] A= [geo 41 H|weh Ax} 32 T Aufx]of|A] 714 -2 32 LERd

VO R 2 302 2 AR = SRIE T Tt & AulR] o ATt FEsHA HE R HE 9] Igeo 10| =2 A
O = UrEPT ARt v, @ AElR] oA = Igeo 4Eo] HIQH = TP Ao 2 B dAlof] £ RE U BES}
HE 7He] 2to| & A2 71 0 = SRIE| QI & A Axt Rt ofugt o] Aol M E f7]s 25k AEiA] o] E<F Ui
S5 dafo] Walls7to Hlel =2 Z1 02 BRIt (Deluisa et al., 1996; Pietrzak et al., 2004; Romic et al.,
2004; Rusjan et al., 2007). ©|2{3t Ai}o] F=Q3F RN A & Ajuf) F7tol| A 25 971 9] o fat}-Zoff HAIE 9
Sf| AFRE= A 5]H 2 oy} g atkshA|of o]gt 71 © 2 THHETH (Buchanan and Amos, 1992; Emmett et al., 1992).
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1 Ao A AR EPAR N et geo A SATAN FT 57142 8 1 2k Fig. 2), % $71%s
21387155715 117 3571014 F2hod B Z _au}awu} % U 245 B, Cut o2 Aol F

= 2395 4
£20] 79 BESAIE RE [geo 710] B9 Foll A 2809 T2 WA LRy, 1o ulal, Cus}Pbe] 39 o

=2 570 LA sigsh= 77 ls dE7 £ éliliﬂr REEA &2 A 7P H B2 A
& SRIT 5 T, ok 7715 s 7] EEOAA CuglPbo] B ol S5 lrtar ey,

2 A= Al obd Al 7 s s e s e thd o R AR Ao R Rrle Ao B
ARGl Bt 1%01 glot Aot 715 A T el tit AR o] E7Festirt. 122 Aol =
S7H0 EY U S S QAo Aol S v wd 4= Qolrt. 55 Bl AT 5245

7 ls A e] ARg=E A7l gt F7H Q] (57 A Elojor € o= ke
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Sampling peint

Fig. 1. Index of geoaccumulation (Igeo) of heavy metal(loid)s concentration in soil (T: topsoil, S: subsoil) of different
fruit farms.

40 40

é’ Igeo Top soil ~ Sub soil 5
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Fig. 2. A number of organic farming fruit farms with level of contamination / pollution of Igeo (A: Unpolluted, B;
Unpolluted to Moderately, C; Moderately, D; Moderately to High) in soils.

Conclusion

2 AT RIS EG Ul S84 LdE=E WVRN 0 R, f715 S s 7] PIA = HlwA] P s 7k
oh =2 e ARG 0 & LERER] ISttt Teu BT HE VIR E S R ARt Igeo ol WEH 77154
57F EF Ul Cu, Pb, Zn®] @ @7 =7F 7 UEhath B3t @ e/ He2 f7 15 s ol A& (15~30 cm) ot
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HE (0~15 cm)®] LFAH=7FH £, Ok= Cu, Pb, Zno] ZHd 771542 Fofl 71913 A o= e,
SFolA] o2 7 e Al Hiet S s 71

w7 el ARg ek s Aol Te) 7| o] e
% ARG A o] o @77} 2453 o) FolAo} & 710 2 BrbEin)
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