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Abstract
The distribution of native copper fractions in freshwater pond soils of Orissa and their relation-
ship to important soil properties were studied. Total Cu and diethylene triamine penta acetic
acid (DTPA) extractable Cu ranged 7.0-24.0 and 2.0-4.9 mg/kg soil, respectively, with mean
values of 12.7 and 3.1 mg/kg. The amounts of exchangeable, weakly adsorbed, moderately
adsorbed, strongly adsorbed and organic matter associated Cu ranged 1.7-2.6%, 3.5-6.0%,
3.3-6.6%, 0.7-2.2% and 0.8-7.2% of the total Cu, respectively. Cu occluded or bound by car-
bonates or other acid-soluble mineral fractions was 1.5-6.1% of the total Cu. Most of the Cu
(58-91%) was in the residual fraction. All the chemical fractions of Cu significantly correlated
with each other and with the organic carbon status of the soils.

Introduction
Copper is commonly applied to aquaculture
ponds to inhibit phytoplankton growth, kill
organisms which produce odorous com-
pounds responsible for off-flavor in fish and
shrimp and control fish diseases (Boyd, 1990;
Tucker and Robinson, 1990). However, cop-
per quickly disappears from the water. Some
of the copper is absorbed by plants, but most
of it is precipitated as insoluble tenorite (CuO)

or malachite [Cu2(OH)2CO3; Stumm and
Morgan, 1970] or is adsorbed by bottom
muds (Reimer and Toth, 1970). The
adsorbed copper can be desorbed from the
sediment into the water. The magnitude of
desorption depends on pH, salinity and the
presence of natural and/or synthetic chelating
agents (Moore and Ramamoorthy, 1984;
Adhikari and Saha, 1999). In this regard, the
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association of Cu with different ligands,
Fe/Mn oxides or organic matter in the pond
sediment could also play a role. Knowing the
different chemical forms of Cu in the pond
soil can help to understand its fixation, mobili-
ty and availability.

The sequential extraction technique
(McLaren and Crawford, 1973) is widely used
to distinguish between chemical forms of Cu
in soils. Information on native soil Cu frac-
tions in freshwater pond soils is inadequate.
Hence, the present investigation was under-
taken to study the distribution of Cu fractions
in freshwater pond soils of Orissa, India, in
relation to soil properties.

Materials and Methods
Surface soil samples (0-0.15 m) were collect-
ed from 48 freshwater ponds representing
four major agro-ecological subregions of
Orissa: the eastern plateau (Mayurbhanj and
Dhenkanal districts), the eastern plateau and
eastern Ghat subregion (Sambalpur, Bolangir
and Koraput districts), eastern Ghat and part
of the eastern plateau (Cuttack, Dhenkanal
and Ganjam districts) and the eastern coastal
plain (Puri and Khurda districts).
Characteristics of the soils (<2 mm) were
determined according to procedures outlined
by Page et al. (1982). Copper fractions were
determined using a modified version of the
sequential fractionation scheme (Smith and
Shoukry, 1968; Chandi and Takkar, 1982).
Exchangeable Cu was extracted with IM
NH4OAC (pH 7.0). Weakly, moderately and
strongly complexed or adsorbed Cu was
extracted in three successions with 0.005 M
diethylene triamine penta acetic acid (DTPA;
pH 7.3). Cu associated with organic matter
was extracted with 30% H2O2 and 0.005 M
DTPA (pH 7.3). Occluded Cu was extracted
with 0.1 M HCl. Residual Cu was obtained by
substracting the Cu fractions from the total
Cu. Concentrations of Cu, Fe and Mn in the
extracts were determined using an atomic
absorption spectrophotometer.

Results and Discussion
The available (DTPA-extractable) Cu content
of the pond soils varied 2.0-4.9 with a mean

of 3.1 mg/kg soil (Table 1). The mean Cu
content was much higher than the critical limit
for plant growth of 0.2 mg/kg soil (Follet and
Lindsay, 1970).

The amounts of Cu in the exchangeable,
weakly adsorbed, moderately adsorbed,
strongly adsorbed, organic matter associated
and occluded fractions ranged 0.05-0.7, 0.1-
1.5, 0.1-1.7, 0.02-0.6, 0.03-1.8 and 0.06-1.6
mg/kg, respectively (Table 2), comprising 1.7-
2.6%, 3.5-6.0%, 3.3-6.6%, 0.7-2.2%, 0.8-
7.2% and 1.5-6.1% of the total Cu. Residual
Cu varied 6.0-16.8 mg/kg (58-91%), indicat-
ing that the majority of total Cu was held with-
in the silicate mineral structure. In compari-
son, in Lake Ontario, Canada, all the copper
in the sediments was bound to humic acids
(Nriagu and Coker, 1980).

The exchangeable Cu content in our pond
soils (0.05-0.7 mg/kg soil) was comparable
with that of the soils of Haryana (0.06-0.9
mg/kg; Singh et al., 1988) and Punjab (0.1-
0.4 mg/kg; Randhawa and Singh, 1996). The
weakly, moderately and strongly adsrobed
fractions (0.7-6.6%) were higher than the 0.2-
2.7% reported by McLaren and Crawford
(1973).

The organically bound Cu in our soils
(0.8-7.2%) was comparable to the amount in
Punjab soils (0.4-13.3%; Randhawa and
Singh, 1996) but lower than the findings of
Singh et al. (1989; 6.9-11.7%). This may be
due to the low organic carbon content of the
pond soils of Orissa. This value also differed
from the Amazon and Yukon Rivers where
the organic Cu was 8-15% (Gibbs, 1977).
Tessier et al. (1980) reported a high percent-
age of organic-bound copper in the particu-
lates of Canada’s Yamaska and St. Francois
Rivers (31% and 52%, respectively). The per-
cent of total Cu that was occluded and bound
by carbonates and other acid soluble miner-
als (1.5-6.1%) was lower than the 11.6-21.7%
reported by Singh et al. (1989).

Simple correlations (Table 3) between the
Cu fractions and soil properties show that, for
all fractions except organically bound Cu,
DTPA-extractable Cu and residual Cu, the
amounts of Cu significantly correlated with
each other. These relationships suggest the

Forms of copper in freshwater pond soils of India
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existence of a reversible dynamic equilibrium
among the chemical pools of Cu. All the
chemical fractions of Cu significantly correlat-
ed with the organic carbon content of the
soils. The highly significant correlation
between Cu associated with the organic mat-
ter fraction and the amount of organic matter
was also observed by Domingues and Vieira
e Silva (1990), suggesting that Cu is preferen-
tially bound to organic matter. The amounts of
total, adsorbed and residual Cu significantly
correlated with the clay content and with the
free Fe and Mn oxides of the soils.
Domingues and Vieira e Silva (1990) also
reported a highly significant correlation
between the amount of clay and the presence
of Cu in the clay fraction, showing that Cu
bound mainly to the structure of clay minerals.

Since the majority of Cu in the studied
soils is contained within silicate minerals, the
problem of using Cu in aquaculture will be
less critical. However, there is a possibility of
pond bottom pollution since some of the Cu
exists in exchangeable or weakly and moder-
ately adsorbed forms and may, therefore, be
desorbed into the water in the course of time.

References
Adhikari S. and P.K. Saha , 1999.
Desorption of adsorbed copper in freshwater
pond soils in relation to soil properties. J.
Indian Soc. Soil Sci., 47:254-258. 
Boyd C.E., 1990. Water Quality in Ponds for
Aquaculture. Alabama Agric. Exp. Stn.,
Auburn Univ., Alabama. 482 pp.
Chandi K.S. and P.N. Takkar, 1982. Effect
of agricultural cropping systems on micronu-
trients transformation. Pl. Soil, 69:423-436.
Domingues H. and J.M. Vieira e Silva ,
1990. Copper and zinc in sandy, granitic and
schist soils. Environ. Technol., 11(5):463-
468.
Follet R.H. and W.L. Lindsay, 1970. Tech.
Bull. 110. Exp. Stn., Colorado St. Univ.
Gibbs R.J., 1977. Transport phases of transi-
tion metals in the Amazon and Yukon Rivers.
Geol. Soc. Am. Bull., 88:829-843.
McLaren R.G. and D.V. Crawford, 1973.

Studies on soil copper. I. The fractionation of
Cu in soils. J. Soil Sci., 24:172-181.
Moore J.W. and S. Ramamoorthy, 1984.
Heavy Metals in Natural Waters: Applied
Monitoring and Impact Assessment. Springer-
Verlag Inc., New York. 268 pp.
Nriagu J.O. and R.D. Coker, 1980. Trace
metals in humic and fulcic acids from Lake
Ontario Sediments. Environ. Sci. Technol.,
4:443-446.
Olsen S.R., Cole C.V., Watanabe F.S. and
L.A. Dean, 1954. Estimation of Available
Phosphorus in Soils by Extraction with
Sodium Bicarbonate. US Dept. of Agric., Circ.
939.
Page A.L., Miller R.H. and D.R. Keeney,
1982. Methods of Soil Analysis, Part 2. Am.
Soc. Soil. Sci. Inc., Madison, Wisconsin,
USA.
Randhawa H.S. and S.P. Singh, 1996.
Copper fractions in soils of Punjab. J. Indian
Soc. Soil Sci., 44:243-246.
Reimer D.N. and S.J. Toth, 1970.
Adsorption of copper by clay minerals, humic
acids and bottom muds. J. Am. Waterworks
Assoc., 62:195-197.
Singh K., Shukla U.C., Raj H. and S.P.S.
Karwasra, 1988. Distribution of different
forms of copper in some soils of Haryana. J.
Indian Soc. Soil Sci., 36:176-179.
Singh R.R., Prasad B. and H. Sinha, 1989.
Forms of copper in calcareous soils. J. Indian
Soc. Soil Sci., 37:45-51.
Smith R.L. and K.S.M. Shoukry, 1968.
Isotopes and radiations in soil organic matter
studies. In: Proc. Symp. IAEA/FAO, Vienna.
397 pp.
Stumm W. and J.J. Morgan, 1970. Aquatic
Chemistry. John Wiley & Sons, New York.
583 pp.
Tessier A., Campbell P.G.C. and M.
Bisson, 1980. Trace metal speciation in the
Yamaska and St. Francois Rivers (Quebec).
Canadian J. Earth Sci., 17:90-105.
Tucker C.S. and E.H. Robinson, 1990.
Channel Catfish Farming Handbook. Van
Nostrand-Reinhold, New York. 454 pp.

Forms of copper in freshwater pond soils of India


