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The study aimed to determine the status of six forms of Zinc (Zn), Cobalt (Co),
and Chromium (Cr) in soils cultivated for Oil palm and Rubber in the rainforest
belt of Nigeria.

Soils were collected from 2 (Oil palm and Rubber) plantations using a Random-
ized complete block design from 4 depths in 3 replications to make a total of 24
soil samples. A Laboratory experiment was conducted in the soil and land man-
agement division of the Nigerian Institute for Oil palm Research (NIFOR) be-
tween February and September 2018. Some soil properties and forms of Zn, Co,
and Cr were determined by 6 steps of sequential fractionation following high-
speed centrifugation and decantation at each step. Zn, Co, and Cr in the soil ex-
tracts were read using an Atomic adsorption spectrophotometer. Correlation analy-
sis was used to determine the relationship between some soil properties and Zn,
Co, and Cr forms. Results showed acidic soil reaction (< 4.91) with Oil palm plan-
tation slightly higher in organic carbon (32.60 g/kg) and available P (18.00 mg/kg)
when compared to Rubber plantation. The results also indicated variations in the
Zn, Co, and Cr fractions in both plantations. The influence of some soil properties
on forms and speciation of Co and Zn was indicated by significant correlation
results. The present study indicated that the soils can be continuously used for
citrus and teak production since the various forms of Co, Zn and Cr were within
permissible levels and thus poses no health risk to the food chain.

1.0 Introduction

contributed significantly to the occurrence, accumula-
tion, and availability of metals and their salts in the soil

Heavy metals are a class of metals with a specific gravity
greater than or equal to 5 g cm™ (Orhue and Uzu, 2011).
The essential metals including Zn, Co, and Cr are needed
by living organisms in trace quantities for optimum perfor-
mance of life processes, while only Zn and Co amongst
others are required by humans (Forstner and Prosi, 1978).

Heavy metals enter the soil through various anthropogenic
(Aguilar et al, 2013) and pedo-lithogenic sources
(Chlopecka et al., 1996). However, human activities have

(Agbenin, 2020). The accumulation of heavy metals in
agricultural soils is of increasing concern because of
food safety issues, potential health risks, and its detri-
mental effects on the soil ecosystem (Cui et al., 2004).
When these metals enter the soil, their reactions with
soil components lead to progressive conversion to insol-
uble forms such that they are incorporated into soil com-
ponents through a variety of mechanisms (Navas and
Lindhorfer, 2003). These associations with various soil
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components determine their mobility and availability
(Ahumada et al., 1999). When the capacity of the soil to
retain heavy metals is reduced due to accumulation, soils
can release heavy metals into the groundwater and or soil
solution thus making it available for plant uptake (Rajesh et
al., 2007). Studies on sequential extraction techniques have
increased because they give an idea of the forms and specia-
tion of elements and provide knowledge on metal affinity to
soil components (Narwal ef al., 1999).

Sequential fractionation of Zn, Co, and Cr in Soils cultivated
in Oil palm and Rubber in the rainforest belt of Nigeria will
help quantify their distribution, forms, and binding strengths
subject to a series of chemical reagents. Many studies have
been reported on heavy metals (Orhue and Uzu, 2011;
Orhue and Nwaoguala, 2011; Orhue et al., 2014; Musa, et
al., 2017) and sequential fractionation (Orhue and John,
2015) in agricultural soils but none have been reported on
fractions of Co, Zn and Cr in soils under Oil palm and Rub-
ber plantation in the rainforest belt of Nigeria. Thus the
study aimed at assessing the fractions of Co, Zn, and Cr in
soils under Oil palm and Rubber plantations in the rainforest
belt of Nigeria.

2.0 Methodology
2.1 Description of Study Area

The sequential fractionation study was conducted to under-
stand the forms and speciation of Co, Zn, and Cr in soils
planted with Oil palm and Rubber in the rainforest belt of
Nigeria. The area has two distinct (rainy and dry) seasons,
and falls within the low land rain forest, with average annual
temperature and rainfall of 27 °C and 2000 mm respectively.
Mean annual relative humidity ranges between 89 - 75%
(NIFOR 2013).

The Oil palm plantation is located opposite Dentistry Quar-
ters, University of Benin, Benin City, Nigeria. And lies be-
tween latitude 06.63978N and longitude 005.62778E with
an elevation of 113 m., The vegetation in the Oil palm plan-
tation included mainly Axonopus compressus (carpet grass),
Elaeis guineensis (Oil palm), Eleusine indica (stubborn
grass), etc at the time of sampling.

The Rubber plantation is located at Oghara in Delta state,
Nigeria. And lies between latitude 05.58889N and longitude
006.10028E with an elevation of about 20 m. The vegetation
in the Rubber plantation mainly included leaf litter, and Axo-
nopus compressus (carpet grass) at the time of planting.

Table 1. Some physical and chemical properties of the soils

2.2 Soil sampling and preparation

Soil samples were collected from a quadrant of 20 m x 30 m
in oil palm and Rubber plantations, using a randomized com-
plete block design in 3 replications from 4 depths to make a
total of 12 soil samples per plantation. The samples were air-
dried, ground, and stored in a labeled polythene bag for anal-
ysis.

2.4. Laboratory Analysis

Some physical and chemical properties of the studied soils
are presented in (Table 1). Analyses were performed accord-
ing to standard methods reported by Orhue ef al. (2021).

2.4.1. Chemical Fractionation of Zn, Co, and Cr in the Soil
samples

The sequential fractionation method reported by Chang et al.
(1984) was adopted to determine the forms of Zn, Co, and
Cr. 5 g air-dried soil was weighed into a 50 ml centrifuge
tube. 30 ml of the extracting solution for each form was add-
ed to the soil sequentially after air drying and respective
fractions were extracted. The supernatant of extracted solu-
tions at each step was separated by high-speed centrifugation
for 20 minutes and decanted into 120 ml plastic bottles for
determination of Zn, Co, and Cr using atomic absorption
spectrophotometer.

2.5. Statistical Analysis

Data obtained were analyzed by Genstat statistical package
(version 6.1.0234). Means were separated by Duncan Multi-
ple Range Test (DMRT) at a 5% level of probability. While
the relationship between some soil properties and forms of
Zn, Co, and Cr was determined by correlation analysis.

3.0. Results and Discussion
3.1. Particle-sized distribution of the soils

The particle size distribution describes the relative percent-
age of sand, silt, and clay in any given soil (Table 1). The
sand was the dominant fraction of the soils in the Oil palm
and Rubber plantations. The sand and silt content decreased
with increased soil depth while clay increased with increased
soil depth. The high sand content indicts coarseness and high
permeability in the soils (Brady and Weil, 2007). While the
increase in clay fraction with an increase in soil depth could
be attributed to argilluviation. (Amalu et al., 2001). The silt/
clay ratio depicts the degree of weathering occurring in the
soil (Van Alphen and Stoorvgel, 2000). The high silt/clay

DEPTH pH 0oC N Av.P CEC _ EA ECEC Sand Silt Clay SIC TC
(cm) (H,0) ratio
— kg’ —>» mgkg" <« cmolkg™ gkg' —>»

OIL PALM PLANTATION
0-30 536a 41.10a 2.95a 19.00a  232a  035a 2.68a 864.00a 71.90a 64.10a 1.12a LS
30-60 5.10a 37.07a 2.60a 21702 1932  036a 2.28a 852.70b 56.70b 90.70a 0.79 LS
60-90 4.76b 31.73b 1.20a 17.40a  164a  036a 2.01a 848.00b 47.40b 104.60a  0.46b LS
90-120 4.60b 20.73b 081a 13.60a 1402  035a 1.75a 845.30b 35.30c 119.10a  0.29b LS
Mean 4.96 32.66 1.89 18.00 1.82 036 2.81 852.50 52.80 94.60 0.67

RUBBER PLANTATION
0-30 5.06a 40.10a 2.04a 1296a  1.85a 0.47a 231a 864.00a 71.90a 64.10b 1.12a S
30-60 5.13a 34.07b 1.55ab 11402  1.50ab 0.46a 1.97ab 852.70ab  56.70a 90.70b 0.79 S
60-90 4.83a 30.67b 0.94 9.59ab  1.28bc 0.57a 1.85¢ 848.00b 47.40b 104.60a  0.46a LS
90-120  4.80a 18.60c 0.63 7.78b 1.05¢ 0.50a 1.55¢ 845.30c 35.30b 119.10a 029 LS
Mean 4.96 30.86 1.29 10.43 1.42 0.50 1.92 852.50 52.80 94.60 0.67

OC= organic carbon, TN= total nitrogen, Av. P= available phosphorus, CEC= cation exchange capacity, EA= exchangeable acidity,

ECEC= effective cation capacity, S/C= silt/clay, TC= textural classification, LS= loamy sand, S= sand,



ratio in topsoil may be attributed to the coarse texture or
resistance of the parent materials to weathering (Nwaka and
Kwara, 2000). The textural class of the soils was loamy sand
at the Oil palm plantation and sand at the topsoil of the Rub-
ber plantation, depicting the high sand content of the soils
studied.

3.2. Chemical properties of the soils

The result of some soil chemical properties (Table 1) in Oil
palm and Rubber plantations showed a very strongly acidic
pH. The acidity could be attributed to the leaching of basic
cations which causes an increased percentage of AI’* and H
resulting in an acidic soil reaction. The organic carbon con-
tents in Oil palm and Rubber plantations were high when
compared to critical values reported by Landon (1991). The
high organic carbon content in both plantations could be
attributed to high litter fall. The mean total Nitrogen content
in Oil palm plantations was high while that of Rubber plan-
tations was low when compared to the critical level of 1.5 g/
kg recommended for tropical soils by Enwenzor et al
(1979). The difference in Nitrogen content may be due to

differences in litter falling and management practices. The
mean available phosphorous was above the lower limit of 10
mg/kg in both plantations, compared with the critical level of
10 - 16 mg/kg recommended by Adeoye and Agboola
(1985). The adequate level of available phosphorous in both
plantations could be attributed to organic matter mineraliza-
tion and low phosphorus sorption capacity (Aghimien ef al.,
2015). ECEC value of the soils in both plantations was be-
low the 15 cmol/kg critical value reported by Udo et al.,
(2009), for tropical soils.

3.2.1. Forms and speciation of Zn, Co, and Cr

Sequential fractionation of Zn, Co, and Cr (Table 2) showed
that carbonate-bound Zn was the predominant form in both
plantations, although Zn was present in other forms but in a
smaller mean amount. The higher mean value of carbonate-
bound zinc reflects the high mobility and bioavailability
potentials of zinc. This result is however in contrast with the
findings of Emmerich et al. (1987) who reported Zn to be
predominated in the residual fraction. The high carbonate
bound Zn fraction could be due to anthropogenic activities in

Table 2. Forms and speciation of Zn, Co, and Cr in Oil palm plantation (mgkg-1).

Depth H;0 Exch. Ads. Org. CO; Res.
(cm) sol. B. B.
ZINC
0-30 1.13 2.74 0.67 1.15 5.16 3.65
30-60 2.08 3.27 0.16 1.05 5.01 1.83
60-90 1.48 3.11 0.48 2.07 7.42 0.47
90-120 0.63 2.73 0.57 0.41 5.14 0.47
Mean 1.33 2.96 0.47 1.17 5.68 1.61
LSDg 05 0.47 1.69 0.12 0.05 0.57 1.15
COBALT
0-30 0.03 0.06 0.03 0.03 0.01 0.03
30-60 0.04 0.05 0.03 0.05 0.02 0.04
60-90 0.04 0.07 0.03 0.05 0.02 0.03
90-120 0.05 0.08 0.03 0.07 0.01 0.04
Mean 0.04 0.06 0.03 0.05 0.02 0.04
LSDy o5 ns 0.01 ns 0.01 ns ns
CHROMIUM
0-30 0.03 0.05 0.01 0.03 0.01 0.01
30-60 0.04 0.01 0.00 0.01 0.02 0.01
60-90 0.05 0.04 0.01 0.04 0.02 0.01
90-120 0.03 0.05 0.00 0.01 0.01 0.01
Mean 0.04 0.04 0.01 0.03 0.01 0.01
LSDyg s ns 0.03 0.01 ns ns ns

H,0O sol.= water soluble, Exch. exchangeable, Ads.= adsorbed, Org.= organically, CO;= carbonate, Res.= residual, B.= bound,
LSDy os= least significant difference at 0.05 significant level, ns= not significant.

line with the findings of Jiang et al. (2001) who posited that
the distribution of metals in soils is mainly by biological
cycling and soil pedogenic processes. Co was highest in the
exchangeable fraction and closely followed by organically
bound, water-soluble, and residual Co fractions in the Oil
palm plantations (Table 2). While the higher mean concen-
tration was recorded for carbonate and organically bound Co
in the Rubber plantation (Table 3). This result is contrary to
the findings of Osakwe (2010), who reported Co to be pre-
dominant in the exchangeable fraction. The high concentra-
tion of cobalt in the organically bound, carbonate and resid-
ual forms in the rubber plantation reflects the tendency of
Co to become available over time depending on soil condi-
tion. The highest mean concentration of Cr in Oil palm plan-

tations was associated with the water-soluble and exchangea-
ble form compared to the other forms. This result is contrary
to the findings of Venkateswaran et al. (2007), who reported
that Cr was not detectable in the water-soluble, Exchangea-
ble, and adsorbed forms. The results of Venkateswaran and
colleagues could have resulted from the fact that the samples
used were not contaminated with Cr. The results in this study
suggest that Cr could be available for plants or biota uptake
in the soils studied. Although it was found below the critical
permissible level of 50 mg/kg recommended for Agricultural
soil (MAFF, 1992; EC, 1986). Cr, therefore, poses no health
risk to man in these soils. The fractionation scheme revealed
that Zn occurred more than Co and Cr in both plantations
studied.



Table 3. Forms and speciation of Zn, Co, and Cr in Rubber plantation (mgkg™).

Depth H,0 Exch. Ads. Org. CO; Res.
(cm) sol. B. B.
ZINC
0-30 1.14 2.92 0.37 1.42 2.99 3.48
30-60 2.40 3.76 0.96 2.84 4.04 2.26
60-90 2.85 2.56 2.36 2.66 4.17 2.96
90-120 1.15 2.65 1.95 3.36 421 2.97
Mean 1.95 2.97 1.41 2.57 3.85 2.17
LSDy .05 0.64 0.71 0.64 0.93 0.85 0.37
COBALT
0-30 0.08 0.04 0.06 0.12 0.13 0.11
30-60 0.07 0.04 0.07 0.14 0.12 0.12
60-90 0.08 0.05 0.07 0.11 0.11 0.11
90-120 0.08 0.06 0.07 0.11 0.11 0.11
Mean 0.07 0.05 0.06 0.12 0.12 0.11
LSDy. 05 Ns ns ns ns ns ns
CHROMIUM
0-30 0.00 0.01 0.01 0.01 0.01 0.01
30-60 0.01 0.01 0.01 0.01 0.01 0.01
60-90 0.00 0.01 0.01 0.01 0.02 0.00
90-120 0.01 0.00 0.00 0.01 0.01 0.01
Mean 0.01 0.01 0.01 0.01 0.01 0.01
LSDyg s Ns ns ns ns ns ns

H,O sol.= water soluble, Exch. exchangeable, Ads.= adsorbed, Org.= organically, CO;= carbonate, Res.= residual, B.= bound,
LSDy os= least significant difference at 0.05 significant level, ns= not significant.

3.3. The relationship between forms of Zn, Co, and Cr. (Tables 4 and 5). The main soil components influencing the
forms and speciation of metal elements in soils are soil prop-
erties, and biological and pedogenic processes (Jiang et al.,
2001). A significant correlation between some soil properties

A relationship between some soil properties and the forms
of Zn and Co was obtained in this study via correlation

Table 5. Relationship between Zn, Co. and Cr forms and some soil properties in Rubber plantation.

Soil properties H,O0 Exch. Org. CO; Res.
sol B B.
ZINC
Sand 0.147 -0.222 0.069 -0.350 0.988*
Silt 0.373 0.018 0.240 -0.232 0.945*
Clay -0.291 0.072 -0.178 -0.278 -0.967*
pH 0.396 0.030 0.098 -0.383 0.963*
ECEC 0.345 -0.017 0.186 -0.282 0.961%*
COBALT
Sand -0.942* -0.793 -0.942%* -0.030 -0.425
pH -0.989* -0.741 -0.989* 0.104 -0.647
oC -0.975% -0.776 -0.975* 0.052 -0.554
Av. P -0.968* -0.682 -0.968 -0.140 -0.461

*Correlation is significant at P < .005 significant level, H,O sol.= water soluble, Exch. exchangeable, Org.= organically, CO;= car-
bonate, Res.= residual, B.= bound, ECEC= effective cation exchange capacity, OC= organic carbon, Av. P= available phosphorus.

and forms of Zn and Co in both plantations was obtained in Rubber plantations, which could be attributed to manage-
this study. This is in line with reports of Gleyzes and his ment practices resulting from avoidance of agriculture input
colleagues that reported forms of metals to be sensitive to that could lead to heavy metal contamination amongst others
pH changes (Gleyzes ef al., 2002). However, Cr did not cor- in both plantations.

relate significantly with soil properties under Oil palm and



4.0 Conclusion

Zn forms were adequate and were not deficient confirming
its ready availability for plant uptake in both plantations. Co
was found mainly in the exchangeable and organically
bound forms in the Oil palm plantation and organically
bound and carbonate forms in the Rubber plantation. These
forms indicate Co availability for plant uptake depending on
management and soil factors over time. While forms of Cr
were found in an amount that posed no health risk since they
were below the permissible limit. The distributions of these
metals studied in the various forms confirm their difference
in mobility. The Zn, Co, and Cr content of the soils of both
plantations are within tolerance level for agricultural produc-
tion. The significant correlation obtained indicates a strong
relationship between some soil properties and forms, specia-
tion, and availability of Zn and Co. However, the status of
these metals should be monitored to prevent toxicity shortly.
Toxicity levels could be hazardous to humans who regularly
consume products of these plantations.

References

Adeoye, G.O and Agboola, A.A. (1985). Critical levels for
soil pH, available P, K, Zn, and Mn, and Earleaf content
of P and Mn in sedimentary soils of southwestern Nige-
ria. fertilizer Research. 6: 65-71.

Agbenin, J. O. (2020). The acidity of Soils and Sediment. In
The Environmental Chemistry of Soils and Sediments.
Principles and application. University Press PLC Iba-
dan. Pp 715-718.

Aghimien, A.E., Ilori, E.G., Ehigiator, J.O. (2015). Phos-
phorus sorption by some hydromorphic soils of southern
Nigeria. Nigerian Journal of Soil Science. 25: 108-115.

Aguilar, R.B., Bautista, F., Goguitchaichvili, A., Quintana,
P., Carvallo, C., and Battu, J. (2013). Rock-Magnetic
properties of top soils and urban dust from Morelia,
Mexico: implications for anthropogenic pollution moni-
toring in medium-sized cities. Geofisica International
52-2,121-133.

Ahumada, 1., Mendoza, J. and Ascar, L. (1999). Sequential
extraction of heavy metals in soil Irrigated with
wastewater .common Soil Science and plant Analysis.
30: 1507-1519.

Amalu, U.C., Esu, E. and Nwulu, M.V.N. (2001). Fertility
management of some gleying Luvsisol and alfisols grew
to rice in South East Nigeria. Proceedings of the 27" An-
nual Conference of Soil Science Society of Nigeria. 5™ —
9" November 2001, Calabar, Nigeria. Pp 150-160

Brady A.C., Weil, R.R. (2007). The Nature and Properties
of Soils (13th ed.) Pearson Prentice-Hall Education Inc.
976p.

Chang, A.C., Page, A.L., Warneke, J.E. and Grgurevic, E.
(1984). Sequential extraction of soil Heavy metals fol-
lowing sludge application. Journal of Environmental
Quality. 13, 33-38

Chlopecka, A., Bacon, J.R. Wilson, M.J. and Kay, J. (1996).
Forms of cadmium, lead, and zinc in soils from south-
west Poland. Journal of Environmental Quality. 25: 67-
79.

Cui, Y.L., Zhu, Y.G., Zhai, R.H., Chen, D.Y., Huang, Y.Z.,
and Qiu, Y. (2004).Transfer of metals from soil to vege-
tables in an area near a smelter in Nanning, China. Envi-

ronmental International. 30:785-791.

EC (Council of the European Communities) (1986). Di-
rective 86278 EEC on the protection of the Environ-
mental and in particular of the soil when sludges used
EEC. Brussel. 473p

Emmerich, W.E., Lund, L.J., Page, A.L. and Chang, A.C.
(1982) Solid phase forms of heavy Metals in sewage
sludge treated soils. Journal of Environmental. Quality.
11: 178-181.

Enwenzor, W.0O, Udo, E.J, Usoroh, N.J, Ayotade, K.A, Ade-
petu, J.A, Chude, U.O and Udegbe, C.J (1979). Fertilizer
use and management practice for crops in Nigeria
(Series Num 21) produced by the fertilizer procurement
and distribution division of the federal ministry of Agri-
culture, Water Resources, and Rural Development. La-
gos Nigeria.

Forstner, U. and Prosi, F. (1978). The biological aspect of
freshwater pollution: In Proceeding of the Course at the
Joint Research Centre of the Commission of the Europe-
an Communities, Ispra. Italy, 5-9 June 1978. Pp. 129-
169.

Gleyzes, C., Tellier, S.M., and Astruc, M. (2002). Fractiona-
tion studies of trace elements in Contaminated soils and
Sediments: a review of the sequential extraction proce-
dure. Trend Analytical Chemistry. 21: 451-467.

Jiang, Y., Zhang, G., Zhou, D., Qin, Y., Liang, W.J. (2001).
Profile Distribution of Micronutrients in an aquic brown
soil as affected by land use. Plant Soil Environment. 155
(11): 468 - 476.

Landon, J.K (1991). Booker tropical soil manual. A hand-
book for soil survey and Agricultural Evaluation in the
tropics and subtropic. John Wiley and Sons Inc.New
York 74p.

MAFF (Ministry of Agriculture, Fisheries, and Food) and
Welch office Agriculture Department (1992). Code of
Good Agricultural practice for the protection of soil
Draft Consultation Document. MAFF, London

Musa, J.J., Mustapha, H.I., Bala, J.D., Ibrahim, Y.Y., Akos,
M.P., Daniel, E.S., Oguche, F.M. and Kuti, .A. (2017).
Heavy Metals in Agricultural Soils in Nigeria: A Re-
view. Arid Zone Journal of Engineering, Technology,
and Environment. 13(5): 593-60.

Narwal, R.P, Singh, B.R. and Salbu, B. (1999). Association
of cadmium, zinc, copper, and nickel with components
in naturally heavy metal-rich soils studied by parallel
land and sequential extractions. communications in Soil
Science and Plant Analysis. 30: 1209-1230.

Navas, A., Lindhorfer, H. (2003). Geochemical speciation
of heavy metals in semiarid soil of the Central Ebro val-
ley, Spain. Environmental international. 29 (1): 61-68.

NIFOR, (2013) Weather data (Temperature, Rainfall, Rela-
tive humidity): 1993-2011. Nigeria Institute for oil palm
Research main station, Benin City Nigeria

Nwaka, G. K. and Kware, J. J (2002). The nature and
properties of soil of Jene-Bowl near Maiduguri in Bor-
no State. Samara Journal of Agricultural Research. 16:
22-40

Orhue, E. R. and Nwaoguala, C. N. C. (2011). Chromium
effects on early growth of waterleaf (Talinum triagula-



re) in a ultisol. Nigerian Journal of Applied Science. 29:
26-31.

Orhue, E. R. and Uzu, O. F. (2011). The fate of some heavy
metals in soils: a review. Journal of Applied and Natu-
ral Science 3 (1): 131-138.

Orhue, E. R., Edosa, 1. V. and Eleta, V. (2014). Soil chemi-
cal changes and growth of fluted pumpkin (telfairia
occidentalis hook f) resulting from untreated Petroleum
industry effluent application. Nigerian Journal of Agri-
culture, Food and Environment. 10(4): 75-80.

Orhue, E. R., Emomu, A., Obazuaye, E., Erhayimwen, A.
M. and Bepo, A. G. (2021). Phosphorus sorption in soils
Overlying Basement Complex Rock, Alluvium, Coastal
Plain Sand, and Imo Shale Parent Materials. Asian Jour-
nal of Soil Science and Plant Nutrition. 7 (3): 41.54.

Osakwe, S.A. (2010). Chemical speciation and mobility of
some heavy metals in soils around automobile waste
dumpsites in the Northern part of Niger Delta, South
Central Nigeria. Journal of Applied Science and Envi-
ronmental Management. 14(4): 123-130.

Rajesh, KS., Madhoolika, A., and Fiona, M., (2007). Heavy
metal contamination of soil and vegetables in suburban

areas of Varanasi, India. Ecotoxicology and Environ-
mental Safety. 66: 258-266.

Udo, E.J., Ibia, T.O., Ogunwale, J.A., Ano, A.O. and Esu,
LE. (2009). Manual of soil, plant, and water Analysis.
Sibon books limited, Lagos Nigeria. 183p.

Van Alphan, B.J. and Stoorvogel, J.J. (2000). A functional
approach to soil characterization in Support of Precision

Agriculture. Soil Science Society of America Journal.
64: 1706- 1713.

Venkateswaran, P., Vellaichamy, S., Palanivelu, K. (2007).
Speciation of heavy metals in electroplating industry
sludge and wastewater residue using inductively coupled
plasma. International. Journal of Environmental Science
and Technology. 4(4): 497 — 504.



