Onweremadu, et al, Characterization and removability of priority pollutants in an oil-spilled site using composted Cassava sludge

Characterization and removability of priority pollutants in
an oil-spilled site using composted Cassava sludge
E.U. Onweremadu1, O.C. Ndukwe2, G.F. Okoroafor3
1

Department of Soil Science and Technology, Federal University of Technology, PMB 1526, Owerri, Nigeria; 2Department of Chemical Engineering, Federal University of Technology, PMB 1526, Owerri, Nigeria; 3Department of Project
Management Technology, Federal University of Technology, PMB 1526, Owerri, Nigeria
Received Febuary 25, 2008

Abstract
We investigated characteristics of crude oil-contaminated soils of a town within an oil-exploration zone of southeastern
Nigeria in 2006. Target sampling technique was used in collecting soil samples, which were later prepared for various
laboratory analyses. Cassava sludge was obtained from wastewater disposal pit and composted using Aerated Pile method. Five temporal treatments, namely 30, 60, 90, 150 and 180 days were observed when 0.5 kg composed Cassava sludge
was applied on 5-kg soil set up in a completely randomized design. Results showed differences in chemical composition
of sludge and its compost. There were significant (P = 0.05) variation in the removability of priority pollutants using
composted Cassava sludge: with greater efficacy at 120 and 180 days for total cadmium and nickel. Further studies should
consider varying rates of this sludge and different soils since soils of the area are formed from dissimilar lithologies. [Life
Science Journal. 2008; 5(3): 62 – 66] (ISSN: 1097 – 8135).
Keywords: characterization; contaminants; crude oil; degradation; permissible limits; sludge; spillage; traffic, tropical
soils

1 Introduction

ich lead to the unavailability of essential plant nutrients
such as nitrogen, and the availability of some toxic elements such as arsenic, and lead to plants (Akamigbo and
Jidere, 2002; Gill et al, 2003). Crude oil had a dispersive
effect on sprouting of ginger while it had variable effects
on the microbial biomass (Ekpo and Nwankpa, 2006).
It weakens soil microbes thereby inhibiting their activity (Manahan, 1994). Also, crude oil pollution influences
plant root development (Ekpo, 2002), soil water absorption by plants (Atuanya, 1987), biotoxicity (Atuanya,
1987), soil structure, water stress and nutrients deficiencies (Odjegba and Sadig, 2002; Gil et al, 2003) and decline in crop performance (Gaskin et al, 2007).
Heavy metals associated with crude oil spillage are naturally found in soils (Ojanuga et al, 1996), but monitoring is necessary for understanding metal load (Odu et al,
1996) as elevated accumulation has direct consequences
to man and ecosystem (Agbozu et al, 2007).
Treataility of soils affected by crude oil spillage depends not only on soil characteristics, but on type, avail-

Environmental degradation associated with oil exploration is a major problem confronting oil-producing
countries. The degree of degradation is dependent upon
the composition and quantity of priority pollutants, and
on the configuration of the receiving media. In spite of
the public outcry over environmental pollution due to oil
exploration, more crude oil wastes are being released into
soils and water bodies. Heavy metals are released into
the soil through oil spillage resulting from oil well blowouts, pipeline leakages, spent drilling mud, effluent water
discharges, metals scrap, power construction operations,
continuous gas flaring, combustion of oil by electric power generator at flow stations, supporting heavy boat traffic
and domestic wastes (Aiyesanmi, 2005).
In soils, petroleum hydrocarbon creates condition whCorresponding author. Tel/Fax: 2348-0349-35502; Email: uzomaonweremadu@yahoo.com
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ability and affordability of remediation techniques (Ram
et al, 1993). Some scholars investigated soil washing
mechanism and modeling of the process (Chu and Cha,
2003; Ye and Young, 2003; Urum et al, 2005; Zhou et
al, 2005) chemical remediation techniques (Khattak and
Page, 1992; Mench et al, 1994), phyto-remediation techniques (Lee and Chen, 1994; Brooks, 1998) and organic
adsorbents (Stewart et al, 2003; Sekar et al, 2004; Carrasqueros et al, 2006; Gueu et al, 2007).
Cassava Manihot esculenta (Cantz) is one of the dominant starchy staple crops grown in most countries in the
continent of Africa (John et al, 2006), especially Nigeria
(Nzekwe and Afolami, 2001), where it has currently become a high income generating crop as well as an export
crop. The domestic and industrial relevance attached to
cassava has resulted in the emergence of varying scales
of processing industries including gari processing industries. According to Babawale (2001) gari is a major staple
food product from cassava which is consumed by more
than 80% of the Nigerian populace. Cassava processing
for gari involves peeling, including, grating, dewatering,
sieving and frying. Dewatering leaves a lot of wastes including sludge especially if manually performed. These
wastes were investigated for use in treating soils polluted
by crude oil. Utilization of cassava wastes for remediation
of polluted and degraded sites would be sanitizing the environment while enriching fast-fertility declining soils of
the study area. In the light of the foregoing, the major objective of this study was to characterize composted Cassava sludge while utilizing it as an organo-remediation
technique in a crude oil-spilled site.

before a recent burst of high capacity type resulting into
spillage into surrounding arable farmland. In addition to
this, we collected 10 core samples of soils from polluted
site for bulk density studies.
2.2 Samples preparation
We collected a 30-kg soil sample from the oil-spilled
site and stored it at 4 ºC before its characterization. Soil
sample was quartered and subsamples were used for
laboratory analysis in terms of oil characteristics.
Cassava sludge was obtained from wastewater disposal pits. Final compost was produced from the above
sludge with green wastes (1.2 volume) following the
Aerated Pile method (Wilson et al, 1980).
Optimum moisture content (OMC) was obtained using
undisturbed soil samples as a difference of water contents at – 0.03 MPa determined by pressure plate, and at
– 1.5 MPa determined by pressure membrane (Dane and
Hopmans, 2002).
2.3 Experimental design
For each pollutant, 5 temporal values of 30, 60, 90,
120 and 180 days and soil sample (5 kg weight) in plastic containers were replicated 3 times in a completely
randomized design. In each replicate, 0.5 kg composted
sludge (10% soil weight) was applied to ascertain percentage removability of the pollutants.
2.4 Laboratory analysis
Bulk density of soil was determined by core procedure according to Grossman and Reinsch (2002) while
particle size distribution was measured by hydrometer
method (Gee and Or, 2002). Total carbon (TC) was measured by loss on ignition using C and N Analyzer (CarloErba, Milan. Italy) (Nelson and Sommers, 1996). Total
nitrogen (TN) was determined using micro-kjeldahl
method (Bremner, 1996). Soil pH was measured potentiometrically using Beckman zeromatic meter in a 1 : 2.5
soil/solution ratio according to the procedure of Hendershot et al (1993). Electrical conductivity was determined
from the filtrate obtained from the suspension used in pH
analysis using a conductivity meter. The total petroleum
hydrocarbon (TPH) was determined using Fourier Transform Infra-red spectrometry (FTIR) (QAL/AM/S 16) at
wavelengths ranging between 2800 cm to 3200 cm.
Soil samples were digested for Cr, Cd, V and Ni using
a mixture of concentrated HCl04 HN03 at a ratio of 2 :
1. and metals were extracted with 0.5 ml HCl (Lacatusu,
2000). The aliquots obtained were measured for Cr, Cd,
V and Ni using Atomic Absorption Spectrophotometer (Alpha 4 Model). The analytical procedures were

2 Materials and Methods
2.1 Study area
Obinze is a military settlement lying between the
latitudes 5º 10' and 5º 25' North, and the longitudes 6º
45' and 7º 00' East. The town is about 25 kilometers
away from the capital city of Owerri southeastern Nigeria. Soils of the area are formed from coastal plain sands
of the Oligocene-Miocene geologic era. The mean annual
rainfall ranges from 2400 mm to 2500 mm while mean
annual temperature range is from 27 ºC – 29 ºC. It has
a rainforest vegetation although anthropogenic activities such as military activities, nomadic farming, arable
farming, sand mining and constructions have depleted its
originality. Sometimes the military base intercepts illegal
traffickers in petroleum and petroleum products for handover to law enforcement agencies. There has been consistent leakages of these intercepted petroleum tankers
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checked by analysis of DOLT-3 Matrix Certified Reference Material with known concentration for heavy metals (Castillo and Calder, 1990).

Table1. Typical chemical characteristics of the Cassava sludge
and the produced compost (in dry weight basics)
Properties
TC (g/kg)
TN (g/kg)
C/N
Ca2+ (cmol/kg)
Mg2+ (cmol/kg)
K+ (cmol/kg)
Av. P (mg/kg)
Cr (mg/kg)
Cd (mg/kg)
V (mg/kg)
Ni (mg/kg)
TPH (mg/kg)

2.5 Statistical analysis
Soil data on removability was subjected to analysis of
variance (ANOVA) using software (SAS Institute, 2001).
and means were separated using least significance difference at 5% level of probability.

3 Results
Comparative concentration of specific nutrients in the
two forms of cassava wastes (sludge and final compost)
are of interest. Distinct variability in TC, TN, exchangeable basic cations, available phosphorus (Av. P) and
contaminants are shown in Table 1. Low values of TN
and high values of TC were observed in contaminated
soils (Table 2), and carbon-nitrogen ratio (17 : 1) was
higher than 12 to 14 range characteristic of West African
soils (Ahn, 1979). However electrical conductivity did
not exceed the critical level of 9400 ds/cm considered
harmful to crops (Odu et al, 1985). Generally, the values of contaminants were higher than tolerance limits
in soils (WHO, 2006). Pronounced changes occurred
in the physicochemical properties of soils (Table 3).
Composted Cassava sludge has varying efficiency in the
removal of these contaminants with time (Table 4) with
some contaminants (Cd and Ni) being more efficiently
removed by the organic waste. The composted Cassava
sludge reduced the contaminants content of soils but not
below permissible limits (WHO, 2006).

Sludge
342
20
17
9.3
7.8
7.4
2.2
2.6
3.3
2.8
7.6
38.6

Final compost
138
13
10
9.8
5.3
18.1
1.5
0.9
2.4
1.2
2.3
12.4

Ca2+: exchangeable calcium, Mg2+: exchangeable magnesium, K+:
exchangeable potassium, Cr: total chromium, Cd: total cadmium,
V: total vanadium, Ni: total nickel.

composted sludge (342 g/kg dry weight basis) indicates
that micro-organisms used some carbon amounts in
building their own structures. Again, these micro-organisms might have altered resistant carbon into other forms
such as CO2 which is more bioavailable. These results
are consistent with findings of Charest et al (2003) which
stated that composted Cassava sludge did not supply TN
greater losses during composting (Bertran et al, 2004).
Increased exchangeable calcium content of composted
sludge enhanced stability of organic fractions against
further microbial degradations (Baldock and Skjemstad,
2000). The stabilizing effect of exchangeable calcium
could be the reason why calcium humic acid (CaHA)
fractions are more humified than mobile humic acids
(MHA) (Ve et al, 2004). Lower TN value in composted
sludge could be attributed to volatilization due to high
temperature of the study area as well as activities of
proteolytic bacteria in the waste. High exchangeable potassium in composted Cassava sludge is traceable to the
slash-and-burn farming system which releases a lot of

4 Discussion
Decrease in TC content in composted Cassava sludge
(138 g/kg in dry weight basis) when compared with un-

Table 2. Characteristics of contaminated soils
Sand Silt
Clay
TC
TN
Property
(g/kg) (g/kg) (g/kg) (g/kg) (g/kg)
Value

840

50

110

40

2

C/N
20

OMC
EC
BD
(g/kg) (ds/cm) (g/kg)
160

58

1.39

pH
TPH
Cr
Cd
V
Ni
(water) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
4.6

7.8

6.9

15.6

5.5

43.5

Table 3. Characteristics of contaminated soils
Sand Silt
Clay
TC
TN
C/N OMC
EC
BD
Property
(g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (ds/cm) (g/kg)
Value

850

30

120

24

3

8

180

51
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pH
TPH
Cr
Cd
V
Ni
(water) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
5.1

2.3

2.6

0.9

1.7

15.6
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Table 4. Effect of composted sludge on removablity of
contaminants at room temperature with time (days)
Pollutant
(mg/kg)
Cr
Cd
V
Ni
TPH

Time (Days)
30
15
35
20
25
1.8

60
25
60
25
40
2.5

90
35
65
30
60
6.5

120
40
75
35
80
7.5

180
50
90
45
85
9.0

References

LSD0.05

1.

1.25
0.92
1.08
0.96
0.09
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3.

potash on which cassava grows. Higher values of contaminants (Cr, V, Ni and TPH) in the sludge is a confirmation of pollution of the untreated sludge. Values of
these contaminants are above permissible limits (WHO,
2006), suggesting a high tendency of Cassava sludge
compost to retain these contaminants. Soils contaminated
with crude oil (Table 2) exhibited high C/N ratio (20)
compared with decontaminated soils (Table 3) having
a C/N ratio of 8 due to increased oxygen content in dewatered sludge (composted sludge), and consequent proliferation of autochthonous and aerobic bacteria which
increased mineralization processes. Improved OMC in
decontaminated soils is indicative of reduced presence
of water-repellent organic constituents. Total Cd and Ni
had high removal percentage at 120 and 180 days, suggesting Cr is use of composted cassava sludge in their
remediation. Low removal percentage in Cr is suggesting a preponderance of anionic chromium in soils which
might have repelled negatively charged surfaces of composted Cassava sludge. The implication of this is that the
anionic forms of the contaminants become more available in the pedosphere thereby creating greater chances
of uptake by crops consumed by humans. Compostcd
cassava sludge exhibited least efficiency in the removal
of TPH which is attributable to possible precipitation of
organic substances contained in the compost by Ca and
Mg (Torres et al, 2005). To circumvent this, Torres et al
(2007) recommended addition of zeolite powder to capture exchangeable Ca and Mg. Addition of surfactantbearing amine group could be helpful in removing TPH
since the amine functional group protonated and behaves
as a cation and this can attract negatively charged TPH
substances.

Acknowledgment

4.
5.

6.
7.
8.

9.
10.
11.

12.

13.
14.

15.
16.
17.

18.

I am highly grateful to the technical staff of the Department of Soil Science, University of Nigeria, Nsukka
for the field and laboratory assistance given to us in the
course of this study.

19.
20.

∙ 65 ∙

Agbozu IE, Ekweozor IKE, Opuene K. Survey of heavy metals in
the catfish Synodontic claries. International Journal of Environmental
Science Technology 2007; 4(1); 93 – 7.
Aiyesanmi AF. Assessment of heavy metal contamination of
Robertkiri oil field’s soil. Nigerian Journal of Soil Science 2005; 15:
42 – 6.
Akamigbo FOR, Jidere CM. Carbon nitrogen dynamics in organic
wastes amended crude oil polluted wetland soi1. Agro-Science 2002;
3(1): 20 – 6.
Atuanya EI. Effect of oil pollution on physical and chemical
properties of soil: a case study of waste oil contaminated Delta soil in
Bendel State. Journal of Applied Sciences 1987; 5: 23 – 8.
Babawale OO. Comparative study of manual and improved
processmg equipment for gari. Proceedings of the 35th Annual
Conference of the Agricultural Society of Nigeria held at Abeokuta,
Ogum State. Nigeria from September 16 – 20, 2001.
Baldock JA, Skjemstad JO. The role of the mineral matrix in
protecting natural organic materials against biological attack. Organic
Geochemistry 2000; 31: 697 – 710.
Bertran E, Sort X, Soliv AM, Teillas J. Composting winery waste:
sludge’s and grape stalks. Bioresources Technology 2004; 95: 203 –
8.
Bremner JW. Nitrogen-total. In: Sparks DI (ed). Methods of Soil
Analysis. Part 3. Chemical Methods. Soil Science Soceity of America
Book Series Number 5. American Society of Agronomy, Madison,
WI. 1996; 1085 – 121.
Brooks RR. Plants that Hyperaccumulate Heavy Metals. Wallingford:
CAB International. Oxon, UK. 1998; 384.
Cantillo A, Calder J. Reference materials for marine science.
Fresenius Journal of Analytical Chemistry 1990; 338: 330 – 82.
Carrasqueros DA, Flores I, Perozo C, Pernalete S. Immobilization of
lead by vermicompost and its effect on white bean (Vigna sinensis
var. Apure) uptake. International Journal of Environmental Science
Technology 2006; 3(3): 203 – 12.
Charest MH, Antoun H, Beauchamp CJ. Dynamics of water-soluble
carbon substances and rnicrobial populations during the composting
of dc-inking paper sludge. Biorcsources Technology 2003; 91: 53 –
67.
Chu W, Chan KH. The mechanism of the surfactant aided soil
washing system for hydrophobic and partial hydrophobic organics.
Science Total Environmental 2003; 307: 83 – 92.
Dane JH, Hopmans IW. Soil Water Retention and Storage –
Laboratory Methods. In: Dane JH, Topp GC (eds). Methods of Soil
Analysis. Part 4. Physical Methods. Soil Science Society of America
Book Series No. 5. 2002; 675 – 710.
Ekpo MA, Nwankpa II. The effect of crude oil on microorganisms
and growth of ginger (Zingiber officinale) in the tropics. Journal of
Sustainable Tropical Agricultural Research 2006; 16: 67 – 71.
Ekpo MA. Microbial degradation of petroleum drilling and activities
and plant root development. World Journal of Biotechnology 2002; 3:
377 – 86.
Gaskin A, Kio-Jack FS, Isirimah NO. Remediation of crude
oil polluted soils using municipal waste compost for soy-beans
production in the Niger Delta. Proceedings of the 26th Annual
Conference of Soil Science Society of Nigeria held at Nigeria
Ibadan. 2000.
Gee GW, Or D. Particle size distribution: In: Dane JH, Topps GC
(eds). Methods of Soil Analysis. Part 4. Physical Methods. Soil
Science Society of America Book Series No. 5. 2002; 255 – 93.
Gill LS, Nyawuame HGK, Eihkhamelor AO. Effect of crude oil on
the growth and anatomical features of Chromolena odorota L. K &
R. 2003.
Grossman RB, Reinsch TG. Bulk density and linear extensibility. In:

Life Science Journal, Vol 5, No 3, 2008

21.

22.

23.

24.
25.
26.

27.
28.

29.

30.

31.

http://lsj.zzu.edu.cn

Dane JH, Topp GC (eds). Methods of Soil Analysis. Part 4. Physical
Methods. Soil Science Society of America Book Series No. 5. 2002;
701 – 28.
Gueu S, Yao B, Adouby K, Ado G. Kinetics and thermodynamics
study of lead adsorption on the activated carbons from coconut and
seed hull of the palm tree. International Journal of Environmental
Science Technology 2007; 4(1): 11 – 7.
Hendershot WH, Lalande H, Duquette M. Soil reaction and
exchangeable acidity. In: Carter MR (ed). Soil Sampling and Methods
of Soil Analysis. Canadian Society of Soil Science. Lewis Publisher.
London. 1993; 141 – 5.
John NM, Udoka M, Ndaeyo NU. Growth and yield of Cassava
(Manihot esculenta Crantz) as influenced by fertilizer types in the
coastal plain soil in Uyo southeastern Nigeria. Journal of Sustainable
Tropical Agricultural Research 2006; 18: 99 – 102.
Khattak RA, Page AL. Mechanisms of manganese adsorption on soil
conslltuenb. In: Adriano DC (ed). Biogeochemistry Trace Metals.
Lewis Publ Boca Raton, Florida, USA. 1992; 383 – 400.
Lacatusu R. Appraising levels of soil contamination and pollution
with heavy metals. European soil Bureau Research Report No. 4.
2000.
Lee DY, Chen ZS. Plants for cadmium polluted soils in Northern
Taiwan. In: Adriano DC, Chen ZS, Yang SS (eds). Biogeochemistry
of Trace Elements. A Special Issue of Environmental Geochemistry
and Health. 1994; 16: 161 – 70.
Manahan SE. Environmental Chemistry. CRC Press. Inc. Florida.
1994; 811.
Mench M, Didier VL, Loffler M, Gomez A, Masson P. Mimicked insitu remediation study of metal-contamininated soils with emphasis
on cadmium and lead. Journal of Environmental Quality 1994; 23: 58
– 63.
Nelson DW, Sommers LE. Total carbon, organic carbon and organic
matter. In: Sparks DL (ed). Methods of Soil Analysis. Part 3.
Chemical Methods. Soil Science Society of Armenia Book Series No.
5. ASA & SSSA. Madison I. 1996; 961 – 1010.
Nzekwe LSO, Afolami CA. Technology Adoption of Improved
Practices by Snwllscae cassava Farmers in Agricultural Development
Programme (ADP) Zones of Ogun State. Proceedings of the 35th
Annual Conference of the Agricultural Society of Nigeria. September
16 – 20, 2001 at University of Agriculture Abeokuta. Nigeria. 2001;
331 – 7.
Odjegba VJ, Sadiq AO. Effects of spent engine oil on the growth

∙ 66 ∙

32.
33.
34.
35.

36.

37.

38.
39.

40.
41.

42.
43.

parameters, chlorophyll and protein levels of Amaranthus hybridus
L. The Environmentalists 2002; 22: 23 – 8.
Ram NM, Bass DH, Falotico R, Leahy M. A decision framework
for selecting remediation technologies at hydrocarbon-contaminated
sites. Journal of Soil Contamination 1993; 2(2): 167 – 89.
SAS Institute. SAS User’s guide, Ver. 8.2. Cary NC, 2001.
Serkar M, Sakthi V, Rengaraj S. Kinetics and equilibrium adsorption
study of lead (II) onto activated carbon prepared from coconut shell.
Journal of Colliery International Science 2004; 279(2): 307 – 13.
Stewart M, Jardine P, Barnett M, Mehlhorn T, Hyder L, McKay L.
Influence of soil geochemical and physical properties on the sorption
and bioaccessibiltiy of Chromium (III). J Environ Quality 2003; 32:
129 – 37.
Torres LG, Aguirre AL, Verdejo A, Iturbe R. Enhanced soil-washing
treatment for soils which are highly contaminated with crude oil.
WIT Transactions on Ecology and the Environment. Ecosystems and
Sustainable Development V 2005; 81: 541 – 50.
Torres LG, Climent M, Saquelares J, Bandala ER, Urqiza G, Iturbe
R. Characterization and treat ability of a contaminated soil from an
oil exploration zone. International Journal of Environmental Science
Technology 2007; 4(3): 311 – 22.
Urum K, Pekdemir R, Ross D, Grigson S. Crude oil contaminated
soil washing in air sparging assisted tank reactor using bisurfactants.
Chemosphere 2005; 60: 334 – 43.
Ve NB, Olk DC, Cassman KG. Characterization of humic acid
fractions improve estimates of nitrogen mineralization kinetics for
lowland rice soils. Soil Science Society of American Journal 2004;
68: 1266 – 77.
WHO (World Health Organization). World Reference Base for Heavy
Metal Permissible Limits for Soil and Water Resources. 2006.
Wilson GB, Parr JF, Epstein E, Marsh PB, Chaney RL, Colacicco D,
Burge WD, Sikora LJ, Tester CF, Hornick SJ. Manual for Composting
Sewage Sludge by the Beltsville Aerated Pile Method. Joint USDA/
EP A Special Report EP A-600/8-80-022. US Government Printing
Washington. 1980.
Ye KC, Young CC. Effect of soil fines and surfactants sorption
on contaminant reduction of coarse fractions during soil washing.
Journal of Environmental Science health 2003; 38(11): 2697 – 709.
Zhou Q, Sun F, Liu R. Joint chemical flushing of soil contraindicated
with petroleum hydrocarbon. Environment International 2005; 3l(6):
835 – 9.

