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ABSTRACT: To reduce effectively cadmium (Cd) phytoavailability by phosphate in mine tailing affected soil,
fused and super phosphate (FSP), a main phosphate fertilizer in South Korea, was selected as phosphate
source and then applied at the rates of 0, 78, 390, and 780 P,Os kg ha'. FSP did not decrease Cd
extractability and radish Cd uptake, but increased significantly. The effect of Cd supplement and soil
negativity increase through FSP application was not significant. Soil pH decreased markedly with increasing
FSP application, which increased significantly soil Cd extractability and radish Cd uptake. As a result,
phosphate fertilizer for reducing Cd phtyoavailability in heavy metals contaminated soil should be carefully

selected as alkaline type.
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INTRODUCTION

In Korea, over 1000 metalliferous mines were distri-
buted along mineralized zones; most of the mines
were abandoned due to a lack of ore minerals in the
early 1980s. However, large amounts of mine wastes
including tailings have been left without proper environ-
mental treatment. The abandoned mines became an
important point source of toxic elements including
As, Cd, Cu, Pb and Zn in the surface environment.

In the national wide survey in 1995-1997, 7.2% of
314.9 ha arable soil nearby mining area was found to
be contaminated by heavy metals". Specially, Bongsan
gold mining area (128'01'N and 34'37°E) in Hapcheon,
Gyeongnam province, South Korea, is famous for Cd
contained area. Average 0.1 N HCl extractable Cd
concentration of paddy soils was 2.18-3.00 mg kg’.
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According to the Korean Soil Environmental Conservation
Act, soils containing over 1.5 and 4.0 mg kg of Cd
extracted by 0.1 N HCI solution need to be continuously
monitored and not used for agricultural purposes
such as crop planting, respectively. Even though rice
cultivation has prohibited in this area since 2003,
farmers have cultivated rice and confronted with the
local government.

The mobilization of metals in soils for plant uptake
and leaching to groundwater can, however, be mini-
mized by reducing their bicavailability through chemical
and biological immobilization”. Recently there has been
keen interest in the immobilization of heavy metals

- using a range of inorganic compounds, such as lime,

phosphate fertilizers and alkaline biosolid®. These
compounds are found to be highly effective in reducing
the bioavailability of metals in soils.

In the field trials, we examined the potential value
of phosphate fertilizers on the immobilization and the
subsequent reduction in the phytoavailability of Cd
in a mine tailing affected soil. However, fused super
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phosphate (FSP), a main phosphate fertilizer in Korea,
did not reduce Cd phytoavailability but increased
contrarily from our expectation. In this paper, we
analyzed the reason why FSP increased Cd phytoa-
vailability in soil.

MATERIALS AND METHODS

Select the target site and field test

To investigate the effect of phosphate fertilizer on
the plant uptake of Cd, a mine tailing affected upland
soil was collected from an abandoned Bongsan gold
mine area (128°01'N and 34'37°E) in Bongsan-myeon
Hapcheon-gun Gyeongnam province, air-dried, meshed
within 4 mm of particle size and packed in macro
pot for plant growth test in August 2004. Charac-
teristics of the soils used for the field test are
described in Table 1. Before the test, heavy metals
extracted using 0.1 N HCI solution and Cd fraction
fractionated by the sequential extraction procedure
are described in Table 2 and 3, respectively. Cd con-
centration extracted by 0.IN HCl solution was mean
6.1 mg kg which exceeded extremely the countermeasure
criteria (4.0 mg kg") of the Korean Soil Environmental
Conservation Act, but other heavy metals were less

than the criteria. Cd was detected negligibly in water
soluble and acidic phase having ca. 10% of total
concentration and distributed mainly with immobile
and less bioavailable types. Macro pot size was L. 5
m x W.2m x D. 0.5 m, and four freatments of fused
and super phosphate (FSP) were selected with the
rates of 0, 78, 390 and 780 kg P-Os ha™. Compost (30
Mg ha) and chemical fertilizers N (180 kg ha™), KO
(160 kg ha') and Ca(OH), (2 Mg ha™) were applied
in all the treatments with the same level. A radish
cultivar (Raphanus sativa 1..) was seeded at intervals
of 20 cm x 15 cm by hand in the experimental field
on September 1, 2004 and harvested on November 1,
2004.

Chemical analysis

Soil samples were collected from the surface layer
(15 cm depth) before and after the experiment and
air-dried for chemical analysis. The chemical properties
of the sieved soils (<2 mm) were analyzed by different
standard methods such as pH (1:5 water extraction),
organic matter content”, and levels of exchangeable
Ca™, Mg, Na* and K" (1 M NHz-acetate pH 7.0, AA,
Shimazu 660). The available P,Os content was determined
using the Lancaster method”. The surface charge was

Table 1. Physical and chemical properties of the soils used for this study

Hem pH oM TN AVPO; CEC Ex. Cation (cmol” kg™)

(H0, 1:5) (g kg’) (gkg) (mgkg) (cmol+kg) K Ca Mg Na
Mean 5.99 497 1.40 156 8.58 032 3.48 0.60 0.08
SD* 0.00 075 0.00 1.68 0.32 0.03 0.14 0.03 0.00

Note) * SD means standard deviation.

Table 2. Contents of 0.IN HCI extractable heavy metals in soil used for this study

Heavy metals Cd Cu Mn Pb Zn
mg kg

Mean 511 11.53 41.28 7.00 53.24

SD 0.10 0.50 229 0.24 0.90

Note) 0.1 N HCl extractable As, Cr and Ni were not detected, and SD means standard deviation.

Table 3. Characteristics of cadmium fraction in soil used for this study

Cadmium Fraction Water soluble Acidic Reducible Oxidizable Residual Total
mg l<g'1

Mean <0.01 0.71 1.79 295 0.57 6.03

SD - 0.02 0.05 0.12 0.31 0.13

Note) * SD means standard deviation.
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measured using 0.1 M NaCl following the ion retention
method. Heavy metals in soils were extracted using
0.1 N HCl. Exchangeable Cd in soil was extracted
using 1 M NH-acetate pH 7.0. Cd of heavy metals
was fractionated by the sequential extraction procedure
of Tessier et al” in triplicate. Extractions were con-
ducted in 50 ml polypropylene centrifuge tubes. Between
each successive extraction, the supernatant was centri-
fuged at 6000 rpm for 15 min, and filtered.

The radish plants were separated into stem and root
parts, oven-dried at 70C for 72 h., ground and then
digested using a ternary solution (HNO;H,SO:HCIO,,10:1:4
volume/volume) for determining Cd. Heavy metals
were quantified using ICP-AES (Inductively Coupled
Plasma Absorption Emission Spectrophotometer, GBC
model X-100, Australia).

RESULTS AND DISCUSSION

Radish yield was increased slightly with increasing
FSP application. It was maximized at level of FSP 390
kg P:Os ha' (Fig. 1).

Different with our expectation, FSP selected in this
study showed adverse effect on reducing Cd extrac-
tability and phytoavailability (Fig. 2 and Table 4). Cd
concentration in radish roots and shoot parts increased
significantly with increasing FSP fertilizer application.
For example, Cd concentration was ca. 3.1 mg kg of
shoot part in the control and increased to maximum
ca. 7.5 mg kg in 780 kg P,Os ha™ of FSP fertilizer
application, which applied 10 times higher than the
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Fig. 1. Fresh yield response of radish cultivated at different
levels of fused and super phosphate fertilizer (FSP)
application.

recommendation level of phosphate to radish”. Cd
concentration was ca. 5 times higher in radish shoot
than root part, a main edible part. However, Cd
toxicity was not observed during radish cultivation in
this study. Exchangeable Cd concentration in soil
collected at radish harvesting time increased significantly
with increasing FSP application. For example, it was
0.87 mg kg in the control and increased to maximum
129 mg kg in 780 kg P,Os ha™.

In general, Cd extractability and phytoavailability
is decreased with phosphate application. Several reasons
could be attributed to phosphate-induced immobilization
of Cd in soils: (i) increase in pH, (ii) increase in
surface charge, (iii) co-adsorption of phosphate and
Cd as an ion pair, and (iv) surface complex formation
of Cd on the phosphate compound. Specific adsorption
of anions such as phosphate and organic acids increase
the net negative charge of variable charge surfaces*'”.
Increasing phosphate addition caused a significant
increase in Cd** adsorption by soils dominated with
variable chafge components' . This has been attri-
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Fig. 2. Cd uptake characteristics of radish shoot and root
cultivated at different levels of fused and super phosphate
fertilizer (FSP) application.
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Table 4. Chemical properties of soil after radish harvesting

FSP application pH OM TN  Av. O, Ex Cation (mol' kg')  Ex. Cd  Negativity
(kg P-0s hal)  (HO, 15) (gkg") (gkg) (mgkg’) K Ca Mg Na (mgkg) (cmol” kg)
0 7.29 352 13 191 044 471 150 0.09 0.87 9.33
78 7.28 414 15 259 043 513 159 0.09 113 891
390 6.82 393 1.3 334 034 449 138 007 1.29 8.11
780 6.76 39.3 14 591 027 484 159 007 1.29 9.01

Note) FSP means fused and super phosphate fertilizer.

buted to increases in surface negative charge after
phosphate adsorption.

Among the factors which can increase Cd uptake
of radish, Cd supplement effect through FSP fertilizer
can be ignorable in this study, since average Cd con-
centration of FSP is less than 1.8 mg kg” ™. In general,
Cd concentration in the plant tissue decreased with
increasing pH except for high pH value. However,
soil pH decreased significantly with increasing FSP
application (Table 4) and this pH decrease might be a
main reason to increase radish Cd uptake. Soil pH
was 7.29 in the control and then decreased to 6.76
with 780 kg P»Os ha” of FSP application. Phosphate-
induced variation in soil pH influenced the solubility
of Cd in soils. The effect of phosphate addition on
soil pH depends on the buffering capacity of the soil,
the nature of phosphate and the extent of phosphate
adsorption'”. While the addition of nitrogen- and
calcium-containing phosphate fertilizers generally decreases
soil pH due to acidification reactions, addition of
other phosphate fertilizers increases soil pH mainly
due to the ligand-exchange (i.e., OH.ions) phosphate
adsorption reaction. FSP is made of fused phosphate
MgCaP;0y+3CaSiO;) and calcium phosphate (Ca(FHLPOy),
-H20)15), and its pH is around 5. With increasing this
acidic phosphate fertilizer application, soil pH decreased
significantly and then increased Cd extractability and
phytoavailability.

A constant tendency of soil negativity, as indicated
by Na" adsorption, was not found in FSP applied soil
(Table 4). As FSP application increased, soil negativity
decreased by ca. 390 kg P.Os ha™ and, thereafter,
increased. The effect of phosphate adsorption on
increasing soil negativity might be slight on the low
FSP fertilizing condition less than 390 kg P,Os ha” in
this study and significant at the high FSP fertilization
more than 780 kg P,Os ha'. As a result, the increase

of soil negativity by phosphate application in this test
scarcely affected on decreasing Cd extractability and
phytoavailability.

CONCLUSION

Fused and super phosphate fertilizer (FSP), a main
phosphate fertilizer in Korea, was selected for reducing
crop plant Cd uptake. It was found that Cd extracta-
bility and radish Cd uptake was not decreased but
increased significantly. The effect of Cd supplement
and soil negativity increase through FSP application
were ignorable. Soil pH decreased markedly with
increasing FSP application, which increased significantly
soil Cd extractability and radish Cd uptake. In conclu-
sion, phosphate fertilizer for reducing Cd phytoavailability
in heavy metal contaminated soil should be carefully
selected.
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