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Assessment on the Content of Heavy Metal in Orchard Soils in Middle Part of
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Agricultural Science and Technology, RDA, Suwon 441-707, Korea)

ABSTRACT : Objectives of this study were to monitor the distribution of heavy metals, to compare extrac-
table heavy metal with total content and to investigate the relationships between soil physico-chemical prop-
erties and heavy metals in orchard soil. Sampling sites were 48 in Gyeonggi, 36 in Gangwon, 36 in Chungbuk,
and 44 in Chungnam. Soils were collected form two depths, 0 to 20 and 20 to 40 cm (here after referred to
as upper and lower layers) from March to May in 1998. Total contents of heavy metal in soils were analyzed
by ICP-OES after acid digestion (HNOy:HCI:H;O;) whereas extractable contents were measured after successive
extraction of 0.1 N-HCl, 0.05 M-EDTA, and 0.005 M-DTPA. Mercury was analysed by mercury atomizer. The
average contents of Cd, Cu, and Pb in the extractant with 0.1 N-HCl at upper layer were 0.080, 4.23, and
3.42 mg/kg, respectively. As content in the extractant with 1 N-HCl was 0.44 mg/kg, and total contents of Zn,
Ni, and Hg were 78.9, 16.1, and 0.052 mg/kg, respectively. The ratios of concentrations of heavy metals to
threshold values (Cd 1.5, Cu 50, Pb 100, Zn 300, Ni 40, Hg 4 mg/kg) in Soil Environmental Conservation Act
in Korea (2001) were low in the range of 1/2.5~1/76.9 in orchard soils. The ratios of extractable heavy metal
to total content ranged 5.4~9.21% for Cd, 27.9~47.8% for Cu, 12.6~21.8% for Pb, 15.8~20.3% for Zn, 5.
3~6.3% for Ni, and 0.7~3.6% for Zn, respectively. Cu and Pb contents in 0.05 M-EDTA extractable solution
were higher than those in the other extractable solution. Total contents of Cd, Ni, and Ni in soils were
negatively correlated with sand content, but positively correlated with silt and clay contents. Ratios of extra-
ctable heavy metal to total content were negatively correlated with clay content, but Zn and Ni contents were
positively correlated with soil pH, organic matter, and available phosphorous. Therefore, the orchard soil was
safe because the heavy metal contents of orchard soil were very low as compared to its threshold value in the
Soil Environmental Conservation Act. However, it need to consider the input of agricultural materials to the
agricultural land for farming practices for assessment of heavy metals.

Key words: orchard soil, heavy metals, extractability, distribution.
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Table 1. Sampling sites and numbers from orchard soils in
the middle part of Korea

Provinces No. of sampling sites
Gyeonggi : 48
Gangwon 36
Chungbuk 36
Chungnam 44

Total 164
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Table 2. Distribution of the soil texture in orchard soil in
the middle part of Korea :

Soil S & oL L& C&
depths 1S SL  SiCL
Upper  Samples 10 82 57 15
layer Distribution(%) 6.1 50.0 48 91
Lower Samples 11 78 57 18

layer Distribution(%) 6.7 47.6 348 110

Table 3. Chemical properties of orchard soil in middle part
of Korea

Ex. cations
Soil . pH OM AvPOGs .
Selections (cmol’/kg)
depths 15 (g/kg) (mg/kg) Ve

Average 59 261 766 065 57 124
Upper \pimum 77 420 1640 199 140 330

layer
- Minimum 39 110 121 023 20 030
Average 56 206 66 05 49 112
Lower .
Maximum 72 410 1757 115 123 400
layer

Minimum 37 50 77 016 15 020
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Table 4. Concentrations of heavy metals in the extractant
with 0.1 N-HCI solution in orchard soils {(Unit : mg/ke)

o Scletios O Cu Po Zn N G A B

Mean 0080 423 342 164 078 079 044 0052

IiTPPer SD 0058 516 258 165 095 126 047 0076
ayer
(n=¥64)“) Max 0405 3892 2778 1065 795 842 414 0537

Min 0014 071 026 14 008 003 nd 0012
Mean 0059 348 351 106 053 051 036 0.045

Lo

lwer 0050 403 232 126 045 122 044 0033
ayer

Y 0331 2653 2484 1239 301 1441 341 0166
(n=164)

Min 0014 055 08 10 003 003 nd 0008

Extracted with 1 N-HCI extraction solution, acid digestion
(HNOs:HCEH,O2), “Number of samples.
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0 003 006 009 012 0I5 018< 0 15 38 45 68 75 90< (Unit : mg/kg)
Cd content (mg kg Cu content (mg kg') Extrac.table Soil cd Ca Pb Zn N Cr
solutions depths
® o Upper layer 0090 834 313 160 092 103
=60 (677 (279) (126) 203) (57) (3
. wl Ha @=60)" (67) (27.9) (126) (203) (57) (36)
g g Lower layer 0061 859 339 1128 061 075
%m gm' ®=60) (45 (33.6) (133) (154) (37) (3.0)
& 10 1} Upper layer 0123 1228 368 125 085 019
92) (41.0) (147) (15.8) (5. 0.
oL L L L oL L DIPA (92) (410) (147) 158) (53) (0.7)
(3.0) 427 (138) (122) (35) (0.6
@ wr Upper layer 0073 1431 543 137 101 053
K _wf EDTA (64 @78) (218) (173) (6.3) (19
5 5 Lower layer 0049 1270 523 95 065 043
20 20
§_ é (36) (497) (206) (13.0) (40) (18
1 or | Total Upper layer 134 2991 24% 789 1609 2863
o
0 Lower layer 135 2556 2541 734 1621 24.64
02 04 06 08 190 l12< 15 30 45 & 75 %<
Hig content (ug kg*) INumber of samples, YRatio of heavy metal extracted with
each single extractable solution to total content.

@

As content (mg ke')
Fig. 1. Distribution of heavy metals in the orchard soils.
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Table 6. Relationships between total content of heavy metal

with acid digestion and distribution of soil particle size in
the orchard soils (n=60)

Soil . .
depths Particles Cd Cu Pb /n Ni G
Sand 040" N&? 0417 NS 035 NS
Upper - - -
Sit 03 NS 035 NS 036 NS
layer _ .
Clay 039 NS 04 NS 027 Ns
Send 043 NS 0527 Ns 038" NS
Lower - - o
St 0347 NS 0427 NS 033" NS
layer

Clay 0477 NS 05 NS 038" NS

* w
7

* "Significant at the 0.05, 0.01, and 0.001 probability level,
NS : not significant,
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Table 7. Relationships between physico-chemical properties
and ratio of the each extractable solution to total content in
soils (n=120)

Variables Cd Cu Pb n Ni Cr

———— 0.1 M-H( extraction ——————
Cay 021 025 Ns» 0200 0210 027

ok

pH NS NS 02 043" 035 NS

oM 0497 NS NS 058" 038" NS

ek

AvVPOs 047 NS NS 0417 0297 NS

- (0,006 M-DTPA extraction ~~———-

Cay 025 03 027 024 025 035

pH NS 035 034 041" 038 NS

oM 0200 NS NS 0% 0407 NS
AvPOs NS NS NS 039" 027 N5

- 0.06 M-EDTA extraction -

Cay 023 028 Ns 020 020 038"
pH NS 0387 0210 044 0397 NS

oM 034" NS 035 058" 0397 026

AvPOs N5 NS NS 0397 025 026

™ “Significant at the 0.05, 0.01, and 0.001 probability level,
NS : not significant.
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