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The Official Journal of Chemistry Advancement Society. Printed in Nigeria 

 

AN OVERVIEW OF ANAEROBIC SYSTEMS FOR DOMESTIC AND INDUSTRIAL 
SLUDGE TREATMENT 

Asia, I. O. Egwaikhide, P. A. Ize-Iyamu, O.K . and Egbon, E. E. 

Department of Chemistry, Ambrose Alli University, P. M. B. 14, Ekpoma Nigeria 

 

(Accepted 15th September, 2003) 

 

ABSTRACT 

The increasing global concern on the environment demands that wastes should be 
properly managed in order to minimize and possibly eliminates their potential harm to 
public health and the environment. Amongst the various practical treatment method, 
anaerobic digestion is often the most attractive solution for treatment of sludge due to the 
following advantages: a high BOD and COD reduction, a high solids reduction, reduction of 
nitrates and phosphates, production of energy as biogas, production of a bio-fertilizer, 
small production of already stabilized biological sludge that can be used as nutrients, 
lower capital investment and operating cost. In Nigeria, besides the inherent advantages, 
climatic conditions are favourable and there is a considerable capacity to develop and 
optimize the process in research institutions and universities. 

 

Built environment journal, vol 1 no 2, July 2005 

 
 
 
 
 
 
 
 
 
 
 
 
Built environment journal, vol 1 no 2, July 2005 
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ADSORPTION OF PHENOLS FROM AQUEOUS SOLUTION 

USING MODIFIED KAOLINITE 

 

E.E. Egbon, O. K. Ize-Iyamu, I. O. Asia, P.A Egwakhide. 

Ambrose Alli University Ekpoma, 

Edo State, 

Nigeria 

 

ABSTRACT: 

 

Widespread contamination of soil and groundwater by many synthetic organic 
chemicals has been recognized as an issue of growing importance in recent years. 
Phenoxylb compounds when added to the soil may react with the soil day minerals. This 
study concerns such reactions. Result obtained show that theses organic molecules are 
strongly sorbed by the (kaolinite) clay minerals both by raw clay ad organic modified 
one, with the later exhibiting far better sorption inter phase than the former. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



14 
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Proximate and Mineral Composition of Mucuna Pruriens 
 

E.E. Egbon*, E.O. Jatto, I.O. Asia and O.K. Ize-Iyamu. 
Department of Chemistry, Ambrose Alli University, Ekpoma 

(Email: egbon4@yahoo.com) 
*Corresponding Author:  
 

ABSTRACT  

The leaves of Mucuna pruriens (Devils beans) were studied and the proximate evaluation 
and composition of some of the mineral nutrient were out. The aim as to find out why 
pregnant women and anaemic patients consume leave extract of this plant. The results 
show viz: Crude protein, 4.13% +0.06, Crude fat 0.01%+0.00, Crude fibre 10.17% + 1.62, 
Carbohydrates 60.93% + 1.22 with converted fat to fatty acid and metabolisable energy of 
0.008% and 103.58KJ/100mg respectively. While mineral components, which were 
determined using appropriate analytical tools were measured in mg/100g, viz: 
Na=31.57%+0.2f0, K=38.19%+0.31, Mg=18.13%+0.5, Ca=22.01%+0.09, Mn=3.17%+0.019, 
Zn=17.28%+0.04, P=55.09+0.28, Fe=8.47+0.26. These results show a high metabolisable 
energy value with low fat to fatty acid value and remarkable high iron (Fe) content in the 
sample tested.  
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ABSTRACT 

Composite sampling was done in the collection of sludge from the Brewery. The 
collected sludge samplers were characterized physicochemically according to standard 
procedures and were each found to have pollution potentials on the basis of some 
parameters determined, amongst which were COD, Turbidity, BOD, and Heavy metals. The 
values of these pollutant indicators were quite high, varying from one industry to another. 
Optimum dosage of the locally sourced coagulant, Jatropha gossypifolia stem latex and the 
conventional coagulant, alum were determined and were found to be 1.00ml for Jatropha 
gossyypifolia stem latex at a pH of 6.7 and 3.80gm for alum at pH 4.3 respectively. The 
sludge samples were treated using the optimum coagulant dosages proportionally. The 
results obtained show that, there were reductions in pollution indicators as observed from 
the values of the parameters determined, thus, an improvement on the quality of the 
sludge samples. In the sludge treated with the locally soured coagulants, there was 
78.28%, 78.91% and 88.25% reduction in the COB, BOD and Turbidity. The total solid and 
suspended solids increased by 22.24% and 14.47% respectively, while in the treatment 
with the conventional coagulant, COD BOD and Turbidity reduce by 91.00%, 93.00% and 
86.78% respectively. The total and suspended solids increased by 26.46% and 20.85% 
respectively. A comparison of the locally sourced coagulant with the conventional ones 
showed that it was not only as good but also be possible replacement for the conventional 
coagulant. 

 

Keywords: Sludge, Jatropha gossypifolia, Alum, Pollution. 
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Characterization and Treatment of Sludge from the Brewery using Chitosan 

Osaro K. Ize-Iyamu, Ph.D.1**; Osayanmo Eguavoen, Ph.D.1; Micheal Osuide, Ph.D.1; Emmanuel E.Egbon, 

Ph.D.1; Oghomwen C. Ize-Iyamu, B.Sc.2*; Vincent O. Akpoveta, M.Sc.1; and Oscar O. Ibizubge, B.Sc1. 

  

1Department of Chemistry, Faculty of Natural Sciences, Ambrose Alli University, Ekpoma, Edo State, Nigeria. 

2 Department of Chemistry, Faculty of Sciences, University of Benin, Benin City, Edo State, Nigeria. 

 

E-mail: akpovin2@gmail.com,*osarok@yahoo.com** 

 

Telephone: +234(0)8036886355 

ABSTRACT 

 

Sludge samples were collected from the brewery (composite sampling type). The collected sludge samples 
were characterized physicochemically according to standard procedures and were each found to be polluted 
on the basis of some parameters determined, amongst which are COD, Turbidity,  and  BOD.  Triplicate  
determinations were done in each case and the mean values obtained from statistical evaluation using the 
Tukey-Kramer multiple comparison tests. The values obtained for sludge were found to be 2072 mg/l, 1034 
NTU. and 640mg/l for COD, Turbidity, and BOD, respectively. The Total Solids (TS) and Suspended Solids (SS) 
were 7307.50 mg/l and 2067.50 mg/l, respectively. Optimum dosage of the coagulant determined was 1.50 
ml of 1% chitosan solution/100ml sludge. On the basis  of  this,  the  sludge  was  treated proportionally and 
the treated sludge sample, characterized. From the results obtained, there were significant reductions 
(p˂0.05) in pollution as indicated from the values of the parameters determined, thus, an improvement on 
the quality of the sludge samples with 81.48%, 81.72%, and 88.27% reduction in the COD, BOD, and 
Turbidity, respectively. The TS and SS increased by 29.01% and 18.73%, respectively. Chitosan was found to 
be effective at low levels, its effectiveness is less pH dependent and does not pose problems in terms of 
residual metal contamination and are generally more biodegradable, therefore more environmental friendly. 
It is ready availability and cheap. The use of the coagulant for the treatment of sludge can be so 
recommended as the treated sludge could either be used as soil conditioners/enhancers, land 
filling/reclamation or added   to   other   materials  for   block   making. Studies are underway in their use in 
the treatment of industrial effluent. 

(Keywords: sludge, biological oxygen demand, BOD, chemical oxygen demand, COD, turbidity, chitosan, 
coagulant) 
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TREATMENT OF WASTE WATER FROM FOOD INDUSTRY USING CLAY 

 

E.E. Egbon*, J.E. Ebhoaye, I.O. Asia, O.K. Ize-Iyamu, I.E. Egbon, and M.J. Ehigbor 

Department of Chemistry, Faculty of Natural Sciences, Ambrose Alli University, 

 Ekpoma, Edo State. 

 

Abstract   

The waste water samples were collected using composite sampling technique from a fast 
food centre in Ekpoma and characterized physic-chemically according to standard 
procedures and were found to have pollution potentials. The samples were treated clay in 
a batch system the samples showed a colour change from brown 9before treatment) to a 
very light brown (after treatment). There was reduction in turbidity values from 296.43-
113.60 NTU; conductively, 110.00-55.84mscm-3 and dissolved solids, 77.40-17.23mg/l. The 
percentage reduction of COD AND BOD was 78.0% and 79.09% respectively. The study also 
shows that TS and phepol had percentage reduction of 76% and 58% respectively. The 
investigation shows that clay is a potential substance for adsorption of environment 
pollutants such as Pb, Cd, Cu, Zn and Cr which were reduced to below detectable levels. 

 

Keywords: Clay, pollutants, wastewater, adsorption.      
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FOOD INDUSTRY WASTEWATER TREATMENT USING SURFACTANT MODIFIED 

CLAY 

  

E.E. Egbon, J.E. Ebhoaye, I.O. Asia, O.K. Ize-Iyamu, I.E. Egbon, and M.J. Ehigbor 

Department of Chemistry, Faculty of Natural Sciences, Ambrose Alli University, Ekpoma, 

 Edo State. 

 

Abstract  

Wastewater was collected from a fast food centre in Ekpoma, using composite sampling 
technique. The wastewater was physic-chemically characterised according to standard 
procedures before treatment using hexyldecyltrimethylammonium bromide (HDTMAB) 
modified clay in a batch system. The results obtained showed that there were reductions in 
pollution indicators as observed from the values of the various of the various pollution 
parameters investigated; an appreciable improvement on the quality of the water. The 
colour of the wastewater changed from dark brown tolight brown after treatment. There 
eas reduction in turbidity values from 296.43-1.07 NTU; Colour, 8.90-0.08 and dissolved 
solids, 77.40mg/l-8.67mg/l. Percentage reduction of COD AND BOD, phenol, oil and grease 
were 76.6%, 78.4%, 98.2% and 84.04% respectively. Traces of heavy metals were reduced 
to below detectable levels. The results from investigation showed that surfactant modified 
clay can be effective in the treatment of wastewater. 

 

Keywords: Clay, surfactant, pollutants, wastewater, adsorption.  
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Characterization and Treatment of Sludge from the Brewery 
Using Jatropha gossypifolia Stem Latex 

Ize-Iyamu, O.K1., Eguavoen, I.O2., Akpoveta O.V3 Osakwe S.A4 Egbon, E.E5., 

Ize-Iyamu and O.C6., Ibizugbe, O.O7 

1, 2, 3, 5, 6, 7 Department of Chemistry, Faculty of Natural Sciences, 
Ambrose Alli University, Ekpoma, Edo State, Nigeria. 

4Department of Chemistry, Faculty of Sciences, Delta 
State University, Abraka, Delta State, Nigeria. 

Received: 21 July 2012; Revised: 12 September 2012; Accepted: 17 
September 2012 

Abstract: Sludge according to the US Environmental Protection Agency (EPA) defined 
sludge as the semi – liquid residue or slurry remaining from treatment of industrial 
water and wastewater. Composite sampling was done in the collection of sludge from a 
Brewery. Locally sourced natural coagulant of plant origin, jatropha gossypifolia stem 
latex was also collected. The stem latex is commonly used by people in this part of the 
country to stop bleeding from minor cuts, injuries and bruises. The collected sludge 
sample was characterized physicochemical according to standard procedures and was 
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found to have high pollution potentials on the basis of some parameters determined, 
amongst  which  COD,  Turbidity  and  BOD  are.     The  values  were  found  to  be 

1034.00NTU, 640.00mg/l and 2072.19mg/l for Turbidity, BOD and COD respectively. 
The Total Solids (TS) and Suspended Solids (SS) were 7307.50mg/l and 2067.50mg/l 
respectively Optimum dosage of the coagulant was determined for the jatropha 
gossypifolia stem latex and was 1.00 ml at pH of 6.7. On the basis of this, the sludge 
was treated and the treated sludge sample, characterized. Triplicate determinations 
were done in each case and the mean values and standard deviations obtained from 
statistical evaluation  using  the  Tukey-Kramer  multiple  comparison  tests.  From  the  
results obtained,  there  were   significant  reductions  (p   0.05)  in   pollution  in   
measured parameters indicated by the values of the parameters determined, thus, an 
improvement on the quality of the sludge samples with 78.28%, 78.91% and 88.25% 
reduction in the COD, BOD and Turbidity in the treated sludge sample. The total and 
suspended solids increased by 22.24% and 14.47% respectively. The jatropha 
gossypifolia stem latex was also effective at low levels, its effectiveness is less pH 
dependent and does not pose problems   in   terms   of   residual   metal   contamination   
and   are   generally   more biodegradable, therefore more environmental friendly. It is 
readily available, cheap and easy to handle. The use of the coagulant for the treatment 
of sludge can be so recommended. 

Keywords: Sludge, Jatropha gossypifolia, Pollution, 



 
 

NIGERIAN ANNALS OF NATURAL SCIENCES, VOLUME 12 (1) 2012 (pp 008  – 016)  

PHYSICOCHEMICAL TREATMENT OF BREWERY SLUDGE WITH LOCALLY 
SOURCED COAGULANTS (CHITOSAN AND CLAY) 

Ize-Iyamu, O.K1., Eguavoen, I.O1., Egbon, E.E1., Ize-Iyamu, O.C2., Azih, M.C1., 

Ibizugbe, O.O1 

1. Department of Chemistry, Faculty of Natural Sciences, Ambrose Alli 
University, Ekpoma, Edo State, Nigeria. 

2. Department of Chemistry, Faculty of Physical Sciences,  

University of Benin, Benin City, Edo State, Nigeria. 

1. Corresponding author. Email:izeiyamuosaro@gmail.com  
Phone +2348036886355 

ABSTRACT 

One week composite sampling was done in the collection of sludge from the Brewery. 
Locally sourced coagulants, chitosan and clay were also collected. The collected sludge 
sample was characterized  according  to  standard  procedures  and  values  of  some  of  
the  parameters; Turbidity, BOD and COD were found to be 1034.00 ± 4.10 NTU, 
640.00 ± 4.00 mg/l and 2072.19 ± 4.55 mg/l respectively. The Total Solids (TS) and 
Suspended Solids (SS) were 7307.50 ± 3.60 and 2067.50 ± 4.20 mg/l respectively. This 
portends pollution. Optimum dosage determined for the combined/mixed coagulants was 
found to be 2.40ml of 1% chitosan solution combined with 2.40g of clay per 100ml sludge 
at pH of 6.7. On the basis of this, the sludge was treated and the treated sludge sample, 
characterized. Triplicate determinations were done in each case and the mean values and 
standard deviations obtained from statistical evaluation using the Tukey-Kramer multiple 
comparison tests.  From the results obtained, there were significant reductions (p˂0.05) in 
pollution in measured parameters of the sludge samples with 88.54 %, 89.81 % and 93.20 
% reduction in the COD, BOD and Turbidity in the treated sludge sample, thus an 
improvement in the quality of the sludge in terms of pollutant load. The total and 
suspended solids increased expectedly, by 26.99% and 21.40 % respectively. The 
synergistic effects of the combined coagulants were very evident in the results obtained. 
Locally sourced coagulants posses numerous advantages including their less pH 
dependence and do not pose challenges in terms of residual metal contamination and are 
generally more biodegradable, therefore more environmental friendly. They are readily 
available, cheap and easy to handle. The use of the coagulants for the treatment of sludge 
and indeed where coagulation and flocculation is desirous can be so recommended. 

Keywords: Sludge, Chitosan, Exoskeleton, Clay, Pollution, 
Synergistic. 
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Abstract: 
Sludge, the settleable solids separated from liquids during various processes was 
collected by composite sampling method from the Brewery. Locally sourced natural 
coagulants, jatropha gossypifolia stem latex and chitosan were also collected. The 
collected sludge sample was characterized physicochemically according to standard 
procedures and was found to have high pollution potentials on the basis of some 
parameters determined. The values of some of the parameters were found to be 
1034.00NTU, 640.00mg/l and 2072.19mg/l for Turbidity, BOD and COD respectively. 
The Total Solids (TS) and Suspended Solids (SS) were 7307.50mg/l and 2067.50mg/l 
respectively. Optimum dosage determined for the combined/mixed coagulants was 
1.10ml of jatropha gossypifolia stem latex and 1.10ml of 1% chitosan solution 
respectively per 100ml sludge at pH of 6.7. On the basis of this, the sludge was treated 
and the treated sludge sample, characterized. Triplicate determinations were done in 
each case and the mean values and standard deviations obtained from statistical 
evaluation using the Tukey-Kramer multiple comparison tests. From the results 
obtained, there were significant reductions (p< 0.05) in pollution with over 90% 
reduction in the COD, BOD and Turbidity in the treated sludge sample. The total and 
suspended solids expectedly, increased by 34.24% and 19.98% respectively. The 
synergistic effects of the combined coagulants were very evident in the results obtained. 
The coagulants are readily available, biodegradable, therefore more environmental 
friendly. The use of the coagulants for the treatment of sludge can be so recommended. 

Keywords: Sludge, Jatropha gossypifolia, Chitosan, Exoskeleton, Pollution, Synergistic 
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ABSTRACT  

This study was carried out to find out how effective and efficient clay, modifies with 
hexadecyltrimethylammonuim (HDTMA) can be as adsorbent, to reduced various 
contaminants in wastewater. Waste-water was collected from pharmaceutical industry 
using composite sampling. The result of both untreated and treated wastewater recorded. 
There were converted to percentage reduction. The results shows percentage reduction of 
color (88.12%), total solid (61.60%), COD (87.47%), BOD (79.59%) and TKN (70.89). 
While phenol, THC and level of heavy metals reduced to below detectable level (BDL). 
Hence, surfactant modify clay can serve as effective and efficient adsorbent to sorb both 
organic and inorganic contaminants from wastewater and act as vital material in 
environment treatment processes.  

 

Keywords: Modified, hexadecyltrimethylaammonium bromide, surfactant, adsorbent, 
contaminant. 
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Abstract  

Composite sludge samples were collected from a Rubber Processing industry. The 
collected sludge samples were characterized according to standard procedures. The 
values of some of the parameters were found to be 996.55 ± 5.85 NTU, 229.00 ± 7.80 
mg/L and 1921.20 ± 6.50 mg/L for Turbidity, BOD and COD respectively. The Total 
Solids (TS) and Suspended Solids (SS) were 6217.00 ± 7.00 and 2733.00 ± 5.80 mg/L 
respectively. This portends pollution. Locally sourced coagulant, chitosan was obtained 
and the optimum dosage determined. It was found to be 2.10cm3 of 1% chitosan 
solution per 100 cm3 sludge at pH of 7.9. On the basis of this, the sludge was treated and 
the treated sludge sample, characterized. Triplicate determinations were done in each 
case and the mean values and standard deviations obtained from statistical evaluation 
using the Tukey-Kramer multiple comparison tests. From the results obtained, there 
were significant reductions (p 0.05) in pollution in measured parameters of the treated 
sludge samples with 74.69 %, 77.67 % and 81.70 % reduction in the COD, BOD and 
Turbidity respectively, thus improving the quality of the sludge in terms of toxins. The 
total and suspended solids increased expectedly, by 30.58 % and 12.92 % respectively. 
The coagulant was quite effective at low levels. It also showed other characteristics of 
locally sourced coagulants, which include less pH dependence, readily available, cheap 
and easy to handle, more biodegradable, therefore more environmentally friendly. The 
use of the coagulant for the treatment of sludge and indeed where coagulation and 
flocculation is desirous can be so recommended. 
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Abstract 

 

A study was carried out to investigate the concentrations, distribution and speciation of some 
heavy metals such as Cd, Cu, Pb, and Cr in the bottom sediments of Ijana River which has been 
contaminated by effluent from petroleum exploitation activities. The total concentration level 
Cd, Pb, Cu, and Cr were determined specifically at upstream, effluent zone, downstream and of 
storm water of the river, Pb, Cu and Cr were found to be most abundant metals in the river. The 
distribution pattern of the river indicates the source of pollution to be land based. Sequential 
extraction showed that 30-60% of Cd, were exchangeable fraction, indicating that Cd in the 
sediment posed a high risk to local environment while Cu, Pb and Cr ere at moderate risk level. 
From the relationship between percentage fraction of metal speciation and total metal 
concentration, it was found that the distribution of Cd, Cu, and Pb in some fraction were 
dynamic in the process of pollutants migration and the stability of metal in sediments  of the 
river decreased in the order Cr>Pb>Cd>Cu. The correlation analysis suggest that some of the 
metals are strongly associated, indicating a common source or chemical similarity. The 
pollution load index (PLI) of the studied area ranged from0.10 to 50.78, which indicated the 
sediments were polluted while the index of geoaccumulation showed that all the sampling 
points may face a severe metal pollution/ contamination problem in the future. 

 

Keywords: Pollution load index (PTI), Index of Geoaccumulation, Speciation, sediment 
pollutants, heavy metal, correlation analysis.  
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ABSTRACT  

Raw clays were collected from different parts of Edo State and physical, Mineralogical 
and geochemical analysis were carried out using standard procedures. Results from the 
physical analysis showed that, these clays can be used for brick making, catalysis, 
absorption and adsorption purposes. The mineralogical analysis show that kaolinite 
(27.70%) is present, smectice (7.64%) and quartz (70.45), which further provides their 
industrial and commercial values and applications when exploited. Their geochemical 
analyses using x-ray diffractometry, further gave credence to their utility and viability in 
all areas of human (and material) endeavours. 
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Abstract  

Waste-water from pharmaceutical plant was collected using composite sampling. This 
was characterized and treated using native clay samples collected from selected clay 
deposits in Edo State of Nigeria. The aim was to find out the effectiveness of clay as 
coagulant in waste water treatment processes. The results of the parameters studied 
before and after treatment, show significant reduction. For the kaolinite clay, color, 
Total Solid (TS), Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BOD), 
Total KJedahl Nitrogen, Phenol and Total Hydrocarbon Count (THC) show percentage 
reduction of 49.51, 51.89, 73.82, 72.81, 59.24, 82.19 and 33.85 respectively. The mixed 
clay sample shows percentage reduction of color (35.64), TS (50.57), COD (57.86), BOD 
(70.70), Phenol (80.22) and THC (19.46). Results from this study show that clay material 
can effectively be used as adsorbent as all heavy metals were reduced to Below 
Detectable Level (BDL). 

 

Keywords: Pharmaceutical, wastewater, absorbent, reduction, composite, native clay, 
below detectable level.  
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Abstract 

This study was carried out to determine the citric acid, level of sugar and PH values of 
some selected fruit collected directly from farms in Ekpoma, Edo State and evaluates the 
values of those parameters on daily basis for five days using standard methods. The five 
fruits were collected: orange, pipeapple, water melon, pawpaw and sugar cane and 
results that pineapple has the highest citric acid value of 0.50/100cm3 while water 
melon was the least 0.23/100cm3. Orange showed the highest (7.00- brix level of sugar), 
while pawpaw had the least (2.00 brix). The PH values of all the fruits decreased as they 
aged. From the overall results, when fruits are over matured, their citric acid values, 
level of sugar and PH decreased due to decrease in juice content and ripening 
(maturation) activities except for oranges and the results were compared with standard 
quality of fruits and orange was the closest of all the fruit samples studies. 

Keywords: Orange, pineapple, water melon, pawpaw, sugar cane citric acid values, level 
of sugar, evaluate, pH. 
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ABSTRACT 

Thermodynamic studies of the treatment of rubber effluent was carried out, the change 
in standard Gibb’s free energy (∆G0) of hydrogen ion concentration (pH) were (0.0359, 
0.0736, 0.0385, 0.0789, 0.0423Kj/mol), dissolve oxygen (DO)  (1.486, 1.535, 1.515, 
1.361 and 1.396 Kj/mol) the values of change in standard entropy (∆S0) and standard 
enthalpy (∆H0) were 297.30kj/mol and 105.92kj/mol for hydrogen ion concentration 
(pH) , 261.28kj/mol and 25.36kj/mol  for dissolved oxygen (DO) Other parameters such 
as Alkalinity, Turbidity, Total solid (TS), Biochemical oxygen demand (BOD) and 
Sulphate  have negative values of change in standard Gibb’s free energy (∆G0),  the values  
are Alkalinity    ( -1.253, -1.261, -1.287, -1.320,    -1.396 Kj/mol), Turbidity  ( -1.201, -
1.026, -1.026, -1.060 and -0.915 kj/mol) Total Solids (TS),    (-0.429, -0.421, -0.435, -
0.353 and -0.135Kj/mol), Biochemical oxygen demand (BOD) values   (-8.152, -8.401, -
8.688, -8.857 and -9.400 Kj/mol), and sulphate values ( -16.70, -17.29, -19.88,   -18.47 
and -19.65Kj/mol). The change in standard entropy (∆S0) was positive for most 
parameters except electrical conductivity (EC), alkalinity and phosphate with values of      
-281.77kj/mol, -15.86kj/mol and -179.09kj/mol and change in standard enthalpy (∆H0) 
also have negative values for most of the parameters of the rubber effluent except 
hydrogen ion concentration (pH), dissolved oxygen (DO), Turbidity, Total Solid (TS) 
total dissolved solid (TDS) and total suspended solid (TSS). In addition, the 
physicochemical properties ( Hydrogen ion concentration (pH), temperature, alkalinity, 
turbidity, total solids, suspended solids, dissolved solids, dissolved oxygen, biochemical 
oxygen demand, chemical oxygen demand, electrical conductivity, and phosphate, 
Nitrate-Nitrogen, Sulphate,  lead (Pb) and cadmium   (Cd) ) were analysed for 
wastewater from rubber effluent. 

KEYWORDS: Thermodynamics, rubber, spontaneous, entropy, enthalpy, Gibb’s free 
energy 

   

     

 


