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Abstract

BACKGROUND: Increase of heavy metals in agricultural
ecosystem has become a social issue nationwide as it is
related to public health. This study was performed to find
out the status and long-term trends with consecutive
application with the commercial liquid pig manure in the
agricultural fields.

METHODS AND RESULTS: Heavy metals including arsenic,
cadmium, copper, lead, nickel, and zinc were analyzed in
the 41 samples of paddy fields and 54 samples of upland
fields consecutively applied with commercial liquid pig
manure for 0 to 16 years. Heavy metal accumulation were
not increased statistically at the both paddy and upland
fields as the consecutive application year of commercial
liquid pig manure were increased. However, some of
surveyed upland soils exceeded the criteria of cadmium,
copper, and zinc designated by the Soil Environmental
Conservation Act in Korea.

CONCLUSION: Therefore, analysis of heavy metals, specially
copper and zinc, in agricultural fields is absolutely necessary
before liquid pig manure application to the fields. In addition,
heavy metal accumulation in agricultural fields following
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to the long-term application of liquid pig manure will be
monitored periodically considering with bioavailability of
copper and zinc to the crops as an essential nutrients.

Key Words: Agricultural soil, Heavy metals, Liquid pig
manure, Soil pollution criteria
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Lim et al, 2009; Lim et al, 2010, Kwon et al, 2010).
Jev, SRR ol S5 gl det A=zl ds)
of tigt AP 4 AH o= Agtelo] Qla(Kim et al,
2004; Kang, 2007; Lee et al, 2011), 9H] o] gf w& &
A9 R4 FNYE, FR4 FA0) BE A2 A
g, A v kA AR R Aot 24 5] A
=38] mge Aolrk ool wiet 2 A= = e
ol e] 71AR1 AR el thet T4 dE BUH
o, o5 Fall Ol W el SRS HolE A
TS AT V1R ARE SRl PHEAE At
710987 S8l & A5 FHsISITh

NN B

TAE B INAE =EY 417, WEF 547, F 95

o AR5 201093} 201130 AHEATHFig.1). ESA

T 3E 5~15 am ZololA 7+ AR 3704 AfF 8k

, o5 Este] HPAEE THEQITE NALE EAA
oH]E 183 S197= Table 13} 2tk

U

1o

Fig. 1. Sampling sites of paddy and upland soils at
the different consecutive application year within
the commerdial liquid pig manure in Korea. ((J :
paddy soils, O : upland soils).

Table 1. Sample Numbers of paddy and upland soils at the
different consecutive application year within the commercial
liquid pig manure in Korea

APPIYINg 1 3 4 5 6 7 8 9 101113 14 15 16Sum
Years

Paddy 401 ¢ 8301114040204
soil

Upland

. 22997 115055042254
soil

=

A2 EE 2 AEA B4R el FEIITHNIAST, 2000).
HEWL 200 mL AEEkae] B 5 g AFER] 0.1
N HCI(H]4+= 1 N HCDS 25 mL& 91 123 2Est
%, No. 40 ©]7}4] (Whatman, Buckinghamshire, UK)%
oAst &, I ofdls FEE A ARE ARSISItE S
& A S Ak AARS 31 H[ER YU g EElid
o= Y74 A (Kjeldatherm, C. Gerhardt GmbH & Co.,
Northants, UK)E ©]g3sto] #38l8lct 1hg- 8710 Ek
3 g& FFs] THT 05~1 mLE AMF F, Atk 21
mL38} 24E 7 mLE F]l8ke] 30°CellA] 2417 A7,
MM EE o] 90C oA 2413 74dskar W7tste] No.
40 ©}¥*|(Whatman, Buckinghamshire, UK)Z o33t
%, 05 M Aikes Agste] ICP-OES(GBC Integra-XMP,
Braeside, Australia)E ©]&38}9] T54 %S #4330t

SHEA

EF U 55 TS A0 A8 deeke] de A
S F437] 98l Microsoft Office Excel ver. 2007(Microsoft
Co. USA)E o]&3}3lth

Zo w o
wollg A8 =R fol FH4S velshs )
) WAk AFHOR MuIE P AEF AR &

A Yepga 1 8 RS
3t T Bk frell FuEQl 7k, A%, T, Y
A, 4, ofd, Bl AEA TS AR AT= Table 3
o} Atk b =EY 5] A R Exe v)A
0.77(0.08~3.06), 7F=% 0.16(0.01~0.37), 2] 4.46(1.38~
7.72), Y7 0.71(0.08 ~1.69), ‘g 5.73(2.16~10.01) & o}l
4.82(1.16~12.10) mg/kgeI3{t}. ol ¢ejuet Eded R
Aol A ANEE 715 e T 784 EYLY
71l skl W2 1/205<, B, F=F, Tl 1/105
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A F5 FERAF A} vlaste] FHg xle)7t g
%] 2F}THRDA, 1999; RDA, 2003; RDA, 2007).

Table 2. Average contents and range of chemical properties
in paddy soils collected with different consecutive application
year of the commercial liquid pig manure in Korea

pH EC OM AvP,0Os Ca Mg K Na

(1:5) dS/m g/kg mg/kg cmol’ /kg
Ave. 59 056 199 80.2 5.38 1.83 0.60 0.42
Min. 53 023 72 8.0 2.65 0.62 0.14 0.26
Max. 70 145 29.0 2046 1193 4.18 2.46 0.67
2011 Ave) 59 051 260 1310 51 1.3 0.30 0.35

D, Average values of chemical properties in the non-
contaminated paddy soils(RDA, 2011)

Table 3. Average contents and range of extractable heavy
metals in paddy soils collected with different consecutive
application year of the commercial liquid pig manure in
Korea

As Cd Cu Ni Pb Zn

mg/kg
Ave. 077 016 446 071 573 482
Min. 0.08 0.01 138 0.08 216 1.16
Max. 3.06 037 772 169 10.01 12.10

2007 Ave.” 087 008 333 119 495 4.67
2003 Ave.” 066 008 3.83 059 4.82 433
1999 Ave.” 059 011 470 0.67 4.84 447

Concern level

for soil 6 1.5 50 100
contamination®
Countermeasure

level for soil 15 4 125 300
contamination®

Ave./concern
level*100(%)

V23, Average values of heavy metal content in paddy
soﬂs extracted by dilute acid(RDA, 1999, 2003, 2007)

. Korean regulation of soil contamination was changed
from weak acid extractable content to total content basis
in 2010(MOE, 2010)

128 104 89 57

FA} =TSR it S Mgk B H]4 459(0.69 ~
8.07), 7= 1.54(0.96~2.95), 72| 14.92(6.89 ~41.62), 1]
7 14.73(6.11~35.69), ' 29.15(5.91 ~46.33) 4 o} 49.65
(24.49~89.56) mg/kgo|thFig. 2). o|¥ A= $-Et
2} EoFEhE B AR oA ﬂWoF A4 B s
of tiate] FI=HS Ht 1/35, Hla 5 EF 94 1/10~
1/55F2® FR1¥ITHFig. 3) 131‘% ol 7| A&
/3 A Oet A AEY I B I

I vlaste] & ) JR=E Wl e 247F 1/10% 1/20

L

&
9
N

o T
fo = @

)

0,
gt
o

Mo
=

10 mdoox 2 32 ok (B PO X oo
vl
=
53

%‘%‘o oﬂ/q xdaLak
e A FRelM, Bu At FAA G TuE oF
go] subslofol & Zlojuf. Aol mE %
ARG TEE AgE e dadld T
Hojup A 54 AolE TAF R e
A w2 S5 F4 o= ¥ Y]
SR A% HESooF & Abgoltt. =Rk 3st
F A28 55 9 Agegate] dizls Table 494
Z2% atke] AJo)7h As] glon, elukso s
= Al e A= e g I S
A Fad 9 ARl 1R A S Balch

n&ﬁ-‘ﬂ
L2

e

Cd contentin soil (mg/kg) As content in soil (mg/kg)

Cu content in soil (mg/kg)

Ni content in soil (mg/kg)

20.0

15.0

10.0

0.0

As criteria level in soil (25 mg/kg)

y=-01284x + 52513

Rz = 0.0064
.
3‘.
¢ $¢98% 3 %
* .‘ & *

Consecutive application of liquid manure (Years)

Cd y = 0.0063x + 15067

50

40

Rz = 0.0033
Cd criteria level in soil (4 mg/kg)

30

20

10 7

0.0

160.0

1200

80.0

0.0

100.0

75.0

Consecutive application of liquid manure (Years)

y = 0.7472x + 11051
Cu R? = 0.2786

Cu criteria level in soil (150 mg/kg)

Consecutive application of liquid manure (Years)

y = 05707x + 11783
Ni R2 = 01864

Ni criteria level in soil (100 mg/kg)

o 5 10 15 20

Consecutive application of liquid manure (Years)




220

GO et al.

y=-16301x + 37.683

Pb R?= 05321

2000
3 Pb criteria level in soil (200 mg/kg)
=
2 1500
£
3
@ 1000
£
=
=
& soo0
T

*
= oo : ]
0 5 10 15 20
Consecutive application of liquid manure (Years)
Zn y = -14832¢ + 57310

500.0 R2 = 01603
g
=X 5000
o
§ 4000
3 Zn criteria level in soil (300 mg/kg)
2 3000
=
] 2000
5
9 1000 +
5 !—’—‘—‘—‘—.—'—.——0—0

00 . y "

o] 5 10 15 20
Consecutive application of liquid manure (Years)

Fig. 2. Relationship between total heavy metal contents in paddy

soils and the different consecutive application year within the
commercial liquid pig manure in Korea.
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Fig. 3. Relative distribution(%) to criteria of heavy metal
contents in paddy soils at the different consecutive application
year within the commercial liquid pig manure in Korea.

Table 4. Correlation coefficient between heavy metal contents and
chemical properties in upland soils collected with different
consecutive application year of the commercial liquid pig
manure in Korea(n=41)

pH EC OM AvP,Os Ca Mg K Na
Ext-As -0.098 0225 0435 0.035 -0.023 0.280 0.121 0.076
Ext-Cd -0.269 0.075 0.603** 0.031 -0.052 -0.064 0.286 -0.059
Ext-Cu 0.046 0249 0299 -0.094 0.008 0.221 0230 0.324*
Ext-Ni -0.170 0.312* 0.401** -0.425"* 0.546**0.843** -0.073 0.588**
Ext.-Pb 0421 0.016 0.392* 0.023 -0.342*-0.122 0.061 -0.074
Ext-Zn 0169 0243 0019 0047 0.199 0.087 0.509** 0.175
Tot-As 0.143 0.072 0437 -0.355* 0.153 0.502** 0.153 0.332*
Tot-Cd 0.284 0.027 -0.097 -0.186 0.259 0.207 0.327* 0.365*
Tot-Cu 0.242 -0.063 -0.321* -0.060 -0.068 -0.155 0.188 0.145
Tot-Ni 0230 -0.015 -0299 -0.021 -0.129 -0.164 0.146 0.19%
Tot-Pb -0.268 0218 0.687** -0.007 -0.111 0273 0.096 0.107
Tot-Zn-0.379* 0.108 0.258 0.280 -0.392*-0.253 0.142 -0.254
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28.76), U 0.81(nd~1.86), & 2.65(nd ~15.47) U o}
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Table 5. Average contents and range of chemical properties in
upland soils collected with different consecutive application year
of the commerdial liquid pig manure in Korea

pH EC OM AvP,0Os Ca Mg

(1:5) dS/m g/kg mg/kg cmol’ /kg
Ave. 64 146 210 7302 790 338 203 053
Min. 53 024 31 461 201 040 0.09 022
Max. 78 740 403 15272 18.06 6.84 6.83 0.67
2009 Ave.) 62 085 240 679 59 18 079 195

K Na

D, Average values of chemical properties in the non-contaminated
upland soils(RDA, 2009)
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Table 6. Average contents and range of extractable heavy metals
in upland soils collected with different consecutive application
year of the commercial liquid pig manure in Korea

As Cd Cu Ni Pb  Zn

mg/kg
Ave. 071 007 649 081 265 2647
Min. 003 000 004 000 000 045
Max. 290 020 2876 186 1547 61.73
2009 Ave.” 067 008 318 068 189 157
2005 Ave” 043 016 351 175 243 104

2001 Ave.” 042 008 317 255 254 10.6

Concern level for

. L4 1.5 50 100
soil contamination
Countermeasure
level for soil 15 4 125 300
contamination4)
Ave./concern
level*100(%) 11.8 4.7 13.0 2.7
1),2),3): Average values of heavy metal content in upland soils

extracted by dilute acid(RDA, 2001, 2005, 2009)
%: Korean regulation of soil contamination was changed from weak
acid extractable content to total content basis in 2010(MOE, 2010)
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Fig. 4. Relationship between total heavy metal contents in upland
soils and the different consecutive application year within the
commercial liquid pig manure in Korea.

Table 7. Correlation coefficient between heavy metal contents and
chemical properties in upland sails collected with different consecutive
application year of the commercial liquid pig manure in Korea(n=54)

pH EC OM Av.P,0s Ca Mg K Na

Ext.-As 0.073 0.180 -0.063 0.057 -0.003 -0.063 0.071 0.186
Ext.-Cd 0.205 0.070 0.452** 0.389** 0.308* 0.346* 0.120 0.114
Ext-Cu 0.182 0.011 0.137 0.080 -0.197 0.010 0.186 -0.115
Ext-Ni 0.165 0.0540.361** 0.335* 0.015 0.190 0.199 0.028
Ext.-Pb -0.102 -0.161 -0.160 -0.367** -0.557** -0.463** -0.232 -0.299*
Ext.-Zn 0.228 0.252 0.288* 0.666** 0.275 0.449**0.592** 0.308*

Tot.-As -0.161 -0.015 0.076 -0.062 -0.180 -0.003 0.020 -0.210
Tot.-Cd -0.057 -0.012 0.147 0.140 0.180 0.231 0.180 0.011
Tot.-Cu 0.267 0.1410.579** 0.536** 0.458** 0.516** 0.191 0.087
Tot-Ni 0.096 -0.014 0.100 0.325* 0.347* 0.287* 0.055 0.172
Tot.-Pb -0.163 -0.137 0.205 0.086 0.015 0.053 0.038 -0.083
Tot.-Zn 0.344* 0.068 0.469** 0.430** 0.411** 0.414** 0.157 0.111
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E Bl AlE oFE AAshs AETE glojok sitk(Fig. 4,
and Fig. 5). ]l tfgt A oL W2 AR AlellollA 2
g 9tk Kang(2007)'5u] 84k 9 =il &
w5 SR HIAelA feon] 5271C] gl it 4.32(2.10~
8.00) mg/kg, oI o] Ht 15.77(4.22~53.07) mg/kg
o7 TRy Had fellead 71 74 50 mg/kg
7 ot4d 130 mg/kgs ZIeHA ob5e Kasklal, Kim
5004 AFAS A Am|e] Fe|gkEe] 0.75~38.33
mg/kg, ofd o] 0.78~45.87 mg/kg WA 7S
A F5S Hasigich T, #HT Lee 5(2011)9
HioA 4 fadu|e] T 9 opdglge] & VA
of ZAsAY 23 AlETF ZAKEY #7E eEHE A
o2 FRIFSE Jung 5(1996)> EH| 5 EHAAL] A7
Aol wE B 5 s oldge] SV Haesith
T3l Kwon 5(2003)2 =2EH]9] 7] gl upe EoF
T Tu5d RS 18t O8R5kl B
Fedd TS B AEATE 9 ok A 14
SHeERA 374, RskrEA 100 oS Baskgich 9]
o] Akt A7AelA 7t E0le Sud RUHDS
Fasto] =EEme] ] W opdde] o] $-EEH] Y A
el vlsl =9k, FFeEY o e R ENE =R
i) 2 AR R 528 ¥ U3t Menzi and Kessler,
1998; Nicholson et al, 1999; Long et al, 2004). Dortzbach
5(2010)& =HER] Aol W 5A ] ofd, 7 9 W
1 FAS ZRIEL, S AYE o R AEs =i
E0] Algws Adskal ool thgh S =AdekA Sl dE
E AQksioith

100

Relative distribution (%)

<1/10  1/10-3/10 3/10-5/10 5/10-criteria Criteria <

Fig. 5. Relative distribution(%) to criteria of heavy metal
contents in upland soils at the different consecutive
application year within the commercial liquid pig
manure in Korea.
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