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Urea formaldehyde, that is, trimethylol urea (TMU) resin was synthesized and blended with polystyrene
waste (PS) to develop TMU/PS copolymer binder for emulsion paint formulation. The resulting
copolymer was analysed for formaldehyde emission and other physical properties such as viscosity,
gel time, density, turbidity, refractive index, melting point and moisture uptake, elongation at break and
solubility in water. Infrared (IR) analysis of TMU, PS and TMU/PS showed chemical interaction between
TMU and PS resins. The level of formaldehyde emission and moisture uptake were found to decrease
with increase in PS concentration while, that of elongation at break on the other hand increase with
increase in PS concentration. The three problems (hardness, low water resistant and formaldehyde
emission) traditionally associated with TMU resin can be addressed with TMU/PS copolymer. Some
physical properties of the copolymer are in agreement with the literature values of other type of binders
use in paints with values within the acceptable level in the coating industry. Thus this study provides
urea formaldehyde and polystyrene as a potential binder for the coating industry. Polystyrene which
leads to polymer wastes is recycled and utilised for coating application.
Key words: Binder, blending, polystyrene waste, solid waste, urea formaldehyde.
INTRODUCTION
The introduction of synthetic resins as replacement for
natural resins in the formulation of coating materials has
transformed the modern paint industry. It is now possible
to produce a variety of coatings using synthetic resin,
because of its superiority over any of those from natural
resins. The synthetic resins are particularly distinct due to
their hardness, durability and resistance to water, alkalies
and other chemical (Lin, 2005). The need for environmental conservation and pollution prevention arising from
volatile organic compounds (VOC) in oil paint has
increased steadily. This has motivated chemists to modify

coatings, hence solvent are reduced or totally omitted
from the coating formulation and replaced with water.
Urea formaldehyde resins are poly-condensation
products of urea and formaldehyde in either alkaline or
neutral or acid or alkaline/acid medium. Urea
formaldehyde are thermosetting polymers which
accounts for over 80% of amino resins, mostly used as a
moulding material, component of adhesive and protective
finishing. Low price, good technological characteristic,
absence of colours in cured polymer, low cure
temperature, resistance to micro organism and abrasion,
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hardness, good thermal properties and easiness of
application are the outstanding qualities of urea
formaldehyde (Akpabio, 2012; Ayoub et al., 2013).
The structure of thermosetting resins also leads to
some unwanted mechanical properties which limits their
application (Cakir et al., 2012). In spite of the aforementioned advantages accredited to urea formaldehyde,
it is far too hard and brittle to be use alone as coating
material. Urea formaldehyde resin also exhibit poor water
resistance and formaldehyde emission; thus, creating
problems of environmental pollution and inconsistency in
the quality of product with age.
Since urea formaldehyde resin is soluble in water, its
full utilization is needed to meet different requirements of
the coating industrially in terms of emulsion paint
formulation and consequent reduction in VOC in the
environment. This can be achieved if the inherent
problems of brittleness, poor water resistance and formaldehyde emission associated with urea formaldehyde
resin are addressed (Osemeahon, 2008). Hence, this
study seeks solution to the problem, by copolymerization
of urea formaldehyde, that is, trimethylol urea (TMU)
resin and polystyrene waste (PS).
Polymer blending is a proven tool to obtain new types
of materials with a wide range of properties intermediate
between those of pure components. Polymer blends are
made to maintain a proper cost performance ratio and
reinforcement of properties, which is compensation of the
demerits of a polymer by blending it with a second one
that is rich in the aspects lagging in the initial one. The
technology of blending is now moving at a rapid pace and
blending technology is also proving to be of use in
plastics recycling (Arthanareeswana et al., 2011;
Bhattacharya et al., 2009). An up-cycling of the post
consumer blend wastes for value-added goals remains a
challenge for the scientific community. Recycling of
thermoplastic elastomers makes polymer life almost
endless. Blending has been developed in order to
improve polymer recyclates during reprocessing (Leib et
al., 2011). Polystyrene particle is a member of the family
of latex particles that are used for different types of
industrial products and biological assays. Bare latex
particles are used as binders of pigment in paint and in
the process paper coating (Thormann et al., 2008). With
the development of new synthetic polymers, plastics have
found applications in every field of life.
A worldwide increase in the use of these materials has
generated the issue of solid waste disposal. Synthetic
plastics do not biodegrade in natural environments due to
the complexity of their structure, high molecular weight
and hydrophobic nature (Atiq et al., 2010). According to
Ahmed et al. (2012), Plastic has been used in great
demand nowadays. Plastics do not break easily because
they are resistance to moisture. They block drainage
during rains; they are recognized as threat to oceans,
soil, domestic animals, wildlife and marine life.
In marine environments, plastic can entangle, suffocate
or cause blockage in digestive tracts of marine animals

(Magizvo, 2012; Isiya, 2012).
Polystyrene product contributes to solid waste after
use. Polystyrene has a low scrap value and is difficult to
transport, so most polystyrene are thrown into landfills
instead of being recycled.
Since the product is not biodegradable, disposing polystyrene waste in landfills is not a sustainable practice, so
recycling polystyrene becomes a needed alternative
(Ricky et al., 2010). Polystyrene is recycled poorly
throughout the world; hence, the interest in re-cycling
technologies to reduce the amount of polystyrene waste
in landfills. Recycling programs for polystyrene are not
currently in place on a large scale. The development of
an effective recycling process is required for waste
polystyrene.
Since blend involves the use of pre-existing material,
without recourse to synthesis, they offer pecuniary advantage and time-saving economy. Trimethylol urea has
a lot of -OH groups in one hand and polystyrene having –
H atoms along it framework on the other hand. Therefore,
both chemical and physical interactions are possible
when these two different polymers are mixed as shown in
scheme 1. If this blending is achieved, the resulting
composite will share the properties of both pure methylol
urea and pure polystyrene.
This will then introduce flexibility into the TMU due to
high flexibility of polystyrene, reduce moisture uptake due
to hydrophobicity of polystyrene and further reduce
formaldehyde emission due to polystyrene inclusion in
the blend.
This process will eventually produce an acceptable
emulsion paint binder from amino resin on one hand and
then help to reduce the problem of environmental pollution from disposal of waste polystyrene materials on the
other hand.
MATERIALS AND METHODS
Reagents
Urea, formaldehyde, sodium dihydrogen phosphate, sulphuric acid,
sodium hydroxide pellets and sucrose were reagent grade products
from the British Drug House (BDH), Gasoline. All materials will be
used as received. Polystyrene waste was collected from refuse
dumps around Yola, Nigeria.
Resin synthesis
Trimethylol urea (TMU) was prepared by using one mole (6.0 g) of
urea to react with three moles (24.3 ml) of 37% (w/v) formaldehyde
using 0.2 g of sodium dihydrogen phosphate as catalyst. The pH of
the solution was adjusted to 6 by using 0.5M H2SO4 and 1.0M
NaOH solutions. The solution was heated in a thermostatically
controlled water bath at 70°C. The reaction was allowed to
proceeds for 2 h after which the sample was removed and kept at
room temperature (30°C).
Formation of liquid PS
Solid PS was constituted into liquid form by dissolving 5 g of PS
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carried out for each sample and the average elongation evaluated
and expressed as the percentage increase in length.

Water solubility

Blend of TMU and PS was prepared by adding varying amount of
PS (0-70%) in TMU resin. The mixture was stirred and left for 24 h
at room temperature (30°C) and then poured into a glass Petri dish
for casting. The resin was allowed to cure and set for seven days at
(30°C). The physical properties of the resin films were investigated.

The solubility of the TMU and TMU/PS blend in water was obtained
by mixing 1ml of the resin with 5ml of distilled water at room
temperature (30°C).

Determination of viscosity and gel time

FTIR analysis

A 100 ml Phywe made of graduated glass macro-syringe was
utilized for the measurement. The apparatus was standardized with
20% (W/V) sucrose solution whose viscosity is 2.0 mPa.s at 30°C.
The viscosity of the resin was evaluated in relation to that of
the standard sucrose solution at 30°C. Five different readings were
taken for each sample and the average value calculated. The gel
point of the resin was determined by monitoring the viscosity of the
resin with time until a constant viscosity profile was obtained

The infra-red (IR) analysis of TMU, PS and TMU/PS was carried out
using infra-red spectrophotometer (Thermo Electron Corporation.
Version 2.6.0, builds 2.5225 Verona Road Madison, WI, 53711.
USA) within 500 to 4000 cm-1.

Determination of density, turbidity, melting point and refractive
index

FTIR spectral analysis

The density of the resin was determined by taking the weight of a
known volume of resin inside a density bottle using metler (Model,
AT400) weighing balance. Five readings were taken for each
sample and average value calculated. The turbidity of the resin
samples was determined by using Hanna microprocessor turbidity
meter (Model, H193703). The melting points of the film samples
was determined by using Galenkamp melting point apparatus
(Model, MFB600-010F).The refractive indices of the resin samples
was determined with Abbe refractometer. The above properties
were determined according to standard methods (AOAC, 2000)..

Determination of moisture uptake
The moisture uptakes of the resin films were determined
gravimetrically. Known weight of the sample was introduced into
desiccators containing a saturated solution of sodium chloride. The
increase in weight (wet weight) of the sample was monitored until a
constant weight is obtained. The difference between the wet weight
and dry weight of the sample was then recorded as the moisture
uptake by resin. Triplicate determinations were made for the sample
and the average value recorded.

Determination of formaldehyde emission
Formaldehyde emission test was performed by using the standard
2 h desiccator test. The mold used was made from aluminium foil
with a dimension of 69.6 x 126.5 mm and thickness of 12.0 mm.
The emitted formaldehyde was absorbed in 25.0 ml of water and
analyzed by a refractometri technique using Abbe refractometer.
Triplicate determinations were made for the samples and the
average value taken.
Elongation at break
The elongation at break was measured using Inston Tensile Testing
Machine (Model 1026). Resin films of dimension 50 mm long, 10
mm wide and 0.15 mm thick was brought to rapture at a clamp rate
of 20 mm/min and a full load of 20 kg. A number of five runs were

RESULTS AND DISCUSSION

FTIR spectroscopy is one of the powerful tools used in
identifying and investigating the presence of functional
groups in a molecule, as each specific chemical bond
often has a unique energy absorption band, and can
obtain structural and bond information on a complex to
study the strength and the fraction of hydrogen bonding
and miscibility (Kaniappan and Latha, 2011; Saravanan
et al., 2011).
Figure 1 shows the FTIR spectra of TMU, PS, and
TMU/PS. Figure 1 shows the IR spectra of A (TMU), B
(TMU+PS) and C (PS). In the spectra of TMU, the broad
band stretching from 3600 cm-1 through 3100 cm-1 is due
to O-H of methylol urea, 2922.89 cm -1 is due to N-H,
1742.81 cm-1 is due to C=O of urea, 1460.29 cm -1 is due
to –CH2 of methylene bridge and 1252.29 cm -1 due to CO-C of ether linkage (Osemeahon, 2011).
The IR spectrum of PS showed absorption bands at
-1
3160.57 to 2908.54 cm corresponding to aromatic and
aliphatic C-H stretching, respectively. The peaks at
1600.68 and 1448.90 cm -1 are assigned to C=C
stretching of phenyl group. The C-H deformation vibration
-1
band of benzene ring hydrogen was seen at 755.68 cm
-1
and ring deformation was observed at 698.13cm . The
C-H stretching vibration of ring hydrogen appeared at
3000 to 3100cm-1 (Naghash et al., 2007; Kaniappan and
Latha,2011).
In the TMU+PS spectra, the strong O-H peak at
3437.36 cm-1 in TMU is almost absent. It appears at a
lower frequency 3361.58 cm-1. This reduction may be
ascribed to the consumption of OH groups during
condensation reactions. The C=C, C=O, N-H, C-O-C, CH and –CH2 bands of TMU and PS all shifted to different
frequency, because of polycondensation, in the copolymer. These observation indicates a chemical reaction
between TMU and PS.
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Figure 1. IR Spectra of (A) TMU, (B) TMU+PS, and (C) PS.

Effect of PS concentration on the viscosity of
TMU/PS resin
Rheology is a branch of physics that deals with the
deformation and flow of matter under stress. The results
from rheological investigations provide the mathematical
description of the visco-elasticity behaviour of matter. For
many years, rheology has been used as semiquantitative tools in polymer science and engineering.
The relationship between the structure and rheology of a
polymer is of practical interest for two reasons: firstly,
rheological properties are very sensitive to certain aspect
of structure and they are simple (Oluranti et al., 2011).
An important rheological property of fluids is viscosity.
Viscosity is a fundamentally rheological parameter of
macromolecular compounds (polymer) properties that
defines resistance to flow and is related to the
characteristics of composite materials widely used in
many field of industry. The knowledge of viscosity can
help to characterize polymers and to determine indirectly
molecular mass. The term viscosity is defined as the
measure of internal friction of a liquid. The time required
for a liquid to drain out of a capillary tube is directly
proportional to its viscosity. The SI unit of viscosity is the
Pascal times second [Pa s] but also in poise [P]. In
processing technologies of polymeric materials, viscosity
is the most important technological characteristic (Stabik
et al., 2009).

It is well known that studying rheological properties of
fluids and gels are critically important since, it is the key
for design processing operations that depend on the way
that the product flows, for example, flow through a pipe,
stirring in a mixer, and packaging into containers. Many
of the sensory attributes of emulsions lattices are directly
related to their rheological properties, for example,
creaminess, thickness, smoothness, spread-ability, pourability, flow-ability, brittleness, and hardness. Control of
the morphology and viscosity of lattices particles has
been a well practiced art within industry for some time
now, given its great importance in determining the
physical and mechanical properties of polymer system
(Hussain and Nasr, 2010).
Figure 2 shows the effect of polystyrene waste on the
viscosity of TMU/PS resin. At the beginning with low level
of PS and high level of TMU, we have relatively low
viscosity. Difference in viscosity arises as a result of
variation in respective chain length. As the PS loading
increases, the molecular weight of the copolymer
increased, this increase in molecular weight gave rise to
increase in viscosity due to increase in cross-linking
density. This explains the regime from 0 to 60% PS
loading (Afzal et al., 2013). After 60% PS loading, further
inclusion of PS into the copolymer results in polymer
dissociation, signalling overloading above the optimal
level. Polymer dissociation results to fragmentation of
long chain polymer into shorter chain oligomers with
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Figure 2. Effect of PS concentration on the viscosity of TMU/PS resin.

corresponding decrease in viscosity. This explains what
happen at 70% loading of PS
Effect of PS concentration on the gel-time of TMU/PS
resin
Gelation is the change in macromolecular structure of
resin, which is usually expressed as an increased of
viscosity and leads finally to the loss of flow-ability.
Gelation has two processes: the initial period of slow
viscosity growth and the period of fast structuration
(Suurpere et al., 2006). The gel time or pot life is the
maximum length of time the system remains in
sufficiently fluid condition to be applied to a substrate, it is
also the point at which network formation commenced.
The dry time of any paint is a function of its binders gel
time among other factors. On the technical front, gel time
enable paint formulator to ascertain the optimum storage
period of a binder before its utilization for paint
formulation and is important in determination of adhesion
(Desai et al., 2003; Menkiti and Onukwuli, 2011; Ayoub et
al., 2013).
Gelation is characterized by the incipient formation of a
material of an infinite molecular weight and indicates the
conditions of the process-ability of the material. Prior to
gelation, the system is soluble, but after gelation, both
soluble and insoluble materials are present. As gelation is
approached, viscosity increased dramatically and the
molecular weight goes to infinite. The reaction between
monomers leads to the formation of network, hence gelation. Both molecular weight and poly-dispersity increase
until one single macromolecule is formed. At this point,
the behavior of the system changes from liquid-like to

rubber- like thus the reactive system becomes a gel
(Gonzalez et al., 2012). Figure 3 shows the effect of PS
concentration on the gel-time of TMU/PS composite.
From the graph, it can be seen that the gel time
decreased with PS inclusion up to 60% PS. This
behaviour is attributed to increase in molecular weight
and cross-linking density which leads to increase in
viscosity and reached a stage where nucleation process
begins producing microgel particles which enhanced
increase in viscosity build up (Menkiti and Onukwli,
2011). An increase was observed at 70% PS. This result
agrees with the viscosity result where phase inversion
and dissociation occurred at 70% PS. In the paint industry, the gel time is typically refers to as dry time of the
paint. The longer the time its takes a polymer to gel, the
same time it will take for the paint to cure or dry. Short
dry time is harmful to the paint film just like if the dry time
is too long. This factor must be monitored in order to
ascertain the rate it will take a paint formulated from a
particular binder to dry.
Effect of PS concentration on the density of TMU/PS
resin
Density is a physical property of matter that expresses a
ratio of mass to volume and is an important physical
parameter in polymer engineering processes. Density
depends on the atomic mass of an element or compound.
Since different substances have different densities,
density measurements are very useful for the
identification and characterization of different substances
and a significant factor that affects the production cost
and profitability of the manufacturing process (Kazys and
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Figure 3. Effect of PS concentration on the gel time of TMU/PS resin.

Rekuviene, 2011). The density of a paint binder in the
coating industry has an important influence on factors
such as pigment dispersion, brush-ability of paint, flow,
levelling and sagging.
The gradual decrease observed in density with
increase in PS concentration as shown in Figure 4 can be
as a result of differences in the molecular features and
morphology which influenced the packing nature of resin
molecules as the concentration of PS
increases.
Physical properties of polymer depend on chain length
and content of soft and hard segments. The decrease
observed from 0 to 70% PS loading is due to increasing
amount of soft segment (Mavani et al., 2007). It is
expected that the density of the blends will fall between
the density of urea formaldehyde resin and polystyrene,
since the pure PS has a lower density relative to pure
TMU (Blaise et al., 2012).
Effect of PS concentration on the turbidity of TMU/PS
resin
The measurement of turbidity of the binder was
performed in order to characterize the optical properties
of the binder as related to gloss property. The refractive
index gives indication of the turbidity. Light interaction
with a colloidal system is its turbidity. Turbidity actually
derived its principle from light scattering. When we have
homogeneity and few particles, there will be less
scattering; hence, higher scattering is observed when we
have a non homogenous system with a lot of particles.
Figure 5 shows the effect of PS concentration on the
turbidity of TMU/PS resin.
Turbidity is relatively low at 0% PS, because pure TMU

is clear and transparent. However, on addition of PS it
becomes colloidal and light scattering increases. As the
concentration of PS increases, the growth of large
interpolymer aggregate increase and the turbidity
increased, hence turbidity of the system can be used as
an indicator of the level of interchain cross-linking (AlManasir, 2009). The more the PS loading, the more the
light is scattered and this consequently leads to
corresponding increase in the turbidity of the system.
Effect of PS concentration on the melting point of
TMU/PS resin
Thermal property, molecular weight, degree of cross
linking and the level of rigidity of the polymer is related to
its melting point. The melting points of the two polymers
are very different which probably result from different
contributing factors. In general, the melting point of a
compound increases with its molar mass, intermolecular
Van der Waals interactions and also the intrinsic
structures that affect the rigidity. In the case of coating
industry, the melting point of a binder is related to its
thermal resistance as well as to the brittlity. Urea
formaldehyde resins are made-up of molecules that
cross-link into clear hard plastics (Afsoon et al., 2011).
Figure 6 exhibits the effect of PS concentration on the
melting point of TMU/PS resin. This is the mirror of the
viscosity behaviour of the polymer composite. The result
shows a gradual decrease in melting point from 0 to 50%
concentration of PS in the blend. This is due to increase
flexibility as a result of increase in the concentration of
PS which give rise to increase in molecular mobility.
The increase in the melting point observed at 60% PS
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Figure 4. Effect of PS concentration on the density of TMU/PS resin.

Figure 5. Effect of PS concentration on turbidity of TMU/PS resin.

inclusion in the blend is due to increase in molecular
weight which makes the material harder in nature due to
the increased cross-linking density. From the figure, optimal hardness was obtained at 60% PS loading, however,
at 70% regime of PS inclusion, polymer dissociation
takes place resulting to the decrease in melting point
observed.
Effect of PS concentration on the refractive index of
TMU/PS resin
Gloss is a measure of the ability of coated surface to reflect light. Reflection of light from surfaces can be classified

according to the diffuse component or the specular
component. The diffuse component results from light
penetration to the surface, undergoing multiple reflections
and refractions, and then re-emerging again at the
surface. The specular component is a surface phenomenon, which is expressed as a function of the incidence
angle and refractive index of the material, the surface
roughness and a geometrical shadowing function. Gloss
is a necessary coating property when the purpose is for
surface aesthetic or decoration (Kaygin and Akgun, 2009;
Yumiko et al., 2010). Glossiness of the paint shows how
it reflects light and shineness. One of the advantages of
oil paint is gloss. If water paint is to challenge the oil
paint, the gloss property of emulsion paint must challenge
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Figure 6. Effect of PS concentration on the melting point of TMU/PS resin.

index of the binder is a crucial factor in the ultimate gloss
property of the paint formulation.
The effect of PS concentration on the refractive index
of urea formaldehyde resin is as shown in Figure 7. It is
observed that, the refractive index increases with PS
concentration. TMU has lower refractive index than PS.
As the PS is added to TMU, the optical property of TMU
as regard refractive index increases. This explains the
observed behaviour of the copolymer resin. The
alteration of the crystallinity of the system with PS loading
give rise to higher crystallinity to the TMU/PS resin, which
also explains the above behaviour (Jain, 2008).
Effect of PS concentration on the moisture uptake of
TMU/PS resin
Polymeric binders play a major role in moisture transport
properties of paint, because it is one of the major
constituent. Waterborne coatings are susceptible to
durability issues pertaining poor water resistance. The
functional groups on polymers or copolymer resins that
are used can undergo hydrogen or ionic bonding, unless
the hydrophilic character is balanced with that of the
hydrophobic, the coating will either be water sensitive or
the formulation will not have colloidal stability.
Hydrophobic components in the binder give the best
combination of improving water resistance of water-borne
coating. A detailed knowledge of moisture transport is
also essential for understanding the resistance of a
material against attacks from its environment (Emile,
2003; Bharath and Swamy, 2009).
One of the main drawbacks of urea formaldehyde resin
is its high water uptake and this has to be improved in
order for the resin to satisfy the coating industry. Water

deteriorates thermo-mechanical properties and adhesion;
it induces chemical degradation of the network and also
generates stresses, because of swelling and hence
blistering of the coating film (Gonzalez et al., 2012; Toloei
et al., 2013). The water absorption ratio of latex films is
an important parameter for characterization of hydrophobicity of the binder.
As shown in Figure 8, the percentage water absorption
of the films was greatly influenced by the PS content. The
moisture uptake decreased with increase in the concentration of PS, this is as a result of the excellent hydrophobicity of PS. Increase in PS into the copolymer give
rise to corresponding increase in hydrophobicity of the
polymer matrix (Naghash et al., 2007). Also, interaction
between TMU and PS results in an increase in crosslinking density, this narrows down the intermolecular
spacing. The smaller intermolecular spacing give rise to
lower voil spaces within the matrix, hence the reduction in
moisture uptake (Nouailhas et al., 2011). The reduced
sensitivity to moisture due to PS inclusion in TMU matrix
provides benefits in property retention as a function of
environmental conditioning. This will also address one of
the shortcomings of pure TMU, which is high moisture
uptake.
Effect of PS concentration on the formaldehyde
emission of TMU/PS resin
A serious drawback of urea formaldehyde resin is the
emission of the hazardous formaldehyde during cure.
The issue of formaldehyde exposure in homes is longstanding and has been studied overtime. It is therefore
important to determine the formaldehyde emission from
synthesized urea-formaldehyde resin before its application
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Figure 7. Effect of PS concentration on the refractive index of TMU/PS resin.

Figure 8. Effect of PS concentration on the moisture uptake of TMU/PS resin.

application (Derkyi et al., 2008). Hydrolysis of cured urea
resins has been known to be responsible for
formaldehyde emission leading to sick building syndrome
(Park et al., 2010). Formaldehyde is higher indoors than
outdoors. High emissions of formaldehyde from latex
paint have been reported by Salthalmmer et al. (2010).
Recently, many efforts have been made to reduce
formaldehyde emission from building materials (Lee et
al., 2011).
Figure 9 shows the effect of PS concentration on
formaldehyde emission of TMU/PS resin. As the concentration of PS increases, the formaldehyde emission
decreases. This important promising trend is due to the
gradual decrease in the TMU content with increase in the
PS loading in the blend. This may also be as a result of
reduction in stress during cure which reduces emission

resulting from improved flexibility. Furthermore, PS
behave as a physical obstacle disrupting the continuity in
the TMU matrix and therefore, making it more difficult for
the reactive groups of urea and formaldehyde to come
close and interact (Abdullahi and Park, 2010; Lee et al.,
2011; Ayoub et al., 2013). The formaldehyde emission in
this study has been reduced to 0.02 ppm, which is even
lower than the world health organization (WHO)
recommendation limit (0.08 ppm).
Effect of PS concentration on the elongation at break
of TMU/PS resin
Elongation, the increase in length of the sample at the
breaking point is a useful property for the characterization
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Figure 9. Effect of PS concentration on formaldehyde emission of the TMU/PS resin.

Figure 10. Effect of PS concentration on the elongation at break of TMU/PS resin.

of resins for paint formulation. Elongation gives a picture
about how much the material will be stretched before it
breaks. The structure of thermosetting resins also leads
to some unwanted mechanical properties that limit their
structural applications. They are relatively brittle. Elongation at break can be a propel tool to determine the
adhesion between phases, because of its sensitivity for
load transfer between phases (Cakir et al., 2012; Hwang
et al., 2012).
The effect of addition of PS on elongation at break is as
shown in Figure 10. The blends results showed increase
in elongation at break with increase in PS inclusion.
Elongation increased due to increase in concentration of
soft segment (PS) that impacts flexibility. The flexibility

improvement may also be due to the presence of some
dissolved polystyrene particles inside the urea
formaldehyde matrix (Hemant et al., 2009; Shinde et al.,
2012). Sharp increase at 70% is due to phase inversion
observed at that regime.
Effect of PS concentration on the solubility in water
of TMU/PS resin
Water solubility is an important parameter in the consideration of any resin as a binder for emulsion paint formulation.
paint formulation.
From Table 1, it can be seen that at 0 to 40% low PS
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Table 1. Effect of PS concentration on the solubility in water of TMU/PS resin.

PS concentration (%)
0
10
20
30
40
50
60
70
80
90

Solubility
Soluble
Soluble
Soluble
Soluble
Slightly soluble
Insoluble
Insoluble
Insoluble
Insoluble
Insoluble

Table 2. Comparison of some physical properties of TMU/PS film with films from other paint binders.

Physical property
Type of resin
TMU/PS
Polyvinyl acetate
Palmoil/Alkyd
Commercial UF
Polyvinyl butyral
Acrylic/Methacrylic ester
Innovative UF
MU/NR
UF/PE
Alkyd from cater oil resin

Viscosity
(mpa. s)
19.70
0.40
499
451
9-16
2500
365
248
32.60
4

Refractive
index

Density
(g/cm3)

Melting
point (°C)

Moisture
uptake (%)

Elongation
at break (%)

Formaldehyde
emission (ppm)

1.425
1.40
ND
ND
1.485
ND
ND
1.3411
1.432
1.474

1.0990
1.25
0.929
1278
ND
1.03
ND
0.641
1.3362
ND

262
ND
ND
ND
ND
ND
ND
255
130
ND

1.01
ND
ND
2
0.3
ND
0.25
1.341
0.0080
ND

425
ND
ND
ND
110
ND
ND
350.43
250.0
ND

0.0233
ND
ND
ND
ND
ND
0.07
0.058
0.0142
ND

loading, the copolymer is in a hydrophilic state,
with hydrophilic TMU dominating. This allows it to
stay in aqueous solution, but above 40% inclusion
of PS, the copolymer seems to adopt hydrophobic
stand with the hydrophobic now dominating;
hence, the insolubility in water experienced in this
particular state. This insolubility could also be due
to conversion of the copolymer samples to

gelation immediately with increase in PS
concentration (Naghash et al., 2007).
Table 2 compares some physical properties of
TMU/PS copolymer binder with other paint binders. The viscosity of the copolymer (TMU/PS) as
observed is within the values of other polymer
resins, while the density, refractive index, melting
point, moisture uptake and formaldehyde emi-

Literature
This study
Habibu (2011)
Blaise et al. (2012)
Suurpere et al. (2006)
Solutia (2008)
Dumitru (2011)
Zorba et al. (2008)
Kazys and Rekuviene (2011)
Osemeahon and Archibong (2011)
Hlaing and Oo (2008)

ssion are also within the same range with other
binders. The elongation at break is a little higher
than other binders, indicating improved flexibility.
This result place TMU/PS copolymer resin as a
competitive binder among other traditional resins
resins for the coating industry. The comparison
between TMU, TMU/PS resins and the acceptable
level in the coating industry is shown in Table 3. A
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Table 3. Comparison of some physical properties of TMU and TMU/PS resins.

Property
Density (g/cm)
Refractive index
Formaldehyde emission (ppm)
Moisture uptake (%)
Viscosity (mpa.s)
Elongation at break (%)
Melting point (°C)

TMU

TMU/PS

1.1250
1.4100
0.0905
4.72
2.39
116
280.00

1.0990 ± 0.002
1.4250± 0.1010
0.0233± 0.0011
1.01 ± 0.001
19.70 ± 0.1200
425.00 ± 0.01
262 ± 0.10

Acceptable level in the coating
industry (Osemeahon et al., 2013)
1.07 (min)
1.4000 (min)
0.1 (max)
3.10 (max)
3.11- 38.00
125 (min)
200 (max.)
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HOCH2

C

H

H
C

H

Trimethylol Urea

R`
n

Polystyrene

O
HOCH2

N C

NHCH2 H

HOCH2
R

C
H

C`

R + H2 O
n

Trimethylol Urea / Polystyrene Copolymer composite
Scheme 1. Reactive blending of TMU/PS.

Scheme 1: Reactive Blending of TMU/PS

decrease was observed in density, formaldehyde
emission, moisture uptake and melting point between the
TMU and TMU/PS, these signal positive developments in
terms of film adhesion, emission of VOC, water
resistance and hardness, respectively. The refractive
index, viscosity and elongation at break increased as
shown in Table 3; this indicates better gloss, consistency
and high ability to withstand weather or service condition.
The density and refractive index of both TMU and
TMU/PS are within the acceptable range in the coating
industry. Although both TMU and TMU/PS binders meet
formaldehyde emission level, TMU/PS resin showed

lower emission than TMU resin. The moisture uptake,
viscosity and elongation at break of the TMU did not meet
the requirement, while that of TMU/PS are within the
acceptable level. The melting point of both resins is
higher than the require value, therefore further research
is necessary to address this shortcoming.
Conclusion
The copolymerization of urea formaldehyde and
polystyrene waste was successfully carried out. The

Osemeahon and Dimas

formaldehyde emission level, moisture uptake and
elongation at break in the experiment after blending were
within the acceptable levels required in the coating
industry in term of environmental safety, water resistance
and flexibility, respectively. This study provides a novel
class of polystyrene modified urea formaldehyde resin
with low formaldehyde emission, high water resistant and
ductile properties. This creates initiatives for new opportunities towards developing various target paint products
for different field of engineering, thus providing a simple
economic route for the recycling of waste polystyrene and
hence an important practice for sustainable recycling.
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An attempt was made to monitor the level of chromium from chrome buffing dust waste (CBD) from
Nilest tannery through preliminary investigation of the physicochemical characteristic of dried buffing
dust (CBD) waste: pH, temperature (°C), alkalinity (mg/L), ash content (%), crude fibre (%) for example,
using effluent and reference water sample as (control). Comparative study of the mean values of CBD,
effluent and reference water sample were also assessed. Comparative studies of fungal isolates from
CBD, effluent and reference water were also assessed in situ. A total of four fungi species were
observed from CBD: Aspergillus niger, Penicillium sp., Aspergillus flavus and Aspergillus fumigatus
with fungal count of 5.43 × 103 CFU/ml, followed by effluent sample: A. niger and A. flavus with fungal
count of 2.48 × 103 CFU/ml and none was observed in reference water sample. The study recommended
the combination of pyrolysis incineration and bioremediation methods for effective treatment of chrome
buffing dust (CBD).
Key words: Buffing dust, physical properties, pathogenic fungi.
INTRODUCTION
Chrome buffing dust (CBD) is a microfined solid
particulate impregnated with chromium synthetic fat and
oil, tanning agents and dye chemicals (Swarnalatha et
al., 2007). Buffing dust from chrome tanned leather is
among solid waste generated from the leather industry
which is hazardous to human health and environment.
Thus, the solid wastes generated from leather industry
can be broadly classified into untanned collagenous,
tanned collagenous and non pretentious waste. Among
the tanned collagenous waste, the one resulting from the

finishing operation is called CBD (Swarnalatha et al.,
2007).
Land co-disposal and thermal incineration disposal
methods are used for treatment involving volume reduction through incineration, gasification and pyrolysis as the
means of disposal with the emphasis to recover energy
from the waste (Kirk et al., 2002). Thermal incineration is
considered as the cheapest alternative method for its
simultaneous energy production and volume reduction of
solid waste as to avoid health hazards. The thermal

*Corresponding author. E-mail: davidsilas550@gmail.com
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution
License 4.0 International License
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incineration of tannery solid waste in particular, chrome
buffing dust, needs a special attention on the issues such
as release of toxic chromium (VI), halogenated organic
compounds polyaromatic hydrocarbons etc, into the
environment (Aeeta et al., 2005).
The major species formed from Cr3+ during thermal
incineration of solid wastes are Cr2 (SO4)3Cr OCI2 and
2 3
Cr O which later accounts for the path for the formation
6+
of Cr (Skrpski et al., 1995). Solid waste composition and
oxygen concentration in the incinerator determine the
extent of conversion of Cr3+ to Cr6+. In the present
investigation, the CBD generated from a garment leather
manufacturing industry was subjected to starved air
incineration (SAI) to utilize its maximum calorie value as
3+
6+
well as to inhibit the oxidation of Cr to Cr . The process
produced bottom-ash containing toxic heavy metal mainly
Cr3+ and partially burn carbon.
The highly toxic properties of bottom ash prohibit its
direct land co-disposal. Therefore, an effective
solidification/stabilization of bottom ash was restored to
change potentially hazardous solid waste in to less
hazardous or non-hazardous solid waste before it is
disposed off on land fill (Filibelix et al., 2000). SAI initially
suffered operational problems due to the release of
volatile organic compounds and partially converted
carbon dioxide in the flue gas. This was controlled by
catalytic combustion of flue glass over nickel impregnated
ceramic granules of diameter 7 mm of 0.05 g of Ni/g of
ceramic granules at 4500°C using air as an oxidant. The
flue glass from catalytic converter was scrubbed in a
scrubber to remove acidic vapour using alkaline water.
Tannery waste brings about multiple problems for
tanneries. Its treatment is difficult and there are no
methods of its comprehensive utilization. None tanned
waste is used as a raw material for glue, gelatin,
technical fats, proteins sheaths, even feed and fertilizers.
This waste is also suitable as a substrate for biogas
production. The tanned leather waste can be used for
secondary leather production. Nevertheless, for
economic reasons waste remains mostly unutilized and
goes to landfills (Cabeza et al., 2010).
Due to the European waste hierarchy, land filling is the
least favoured waste treatment method. Land filling of
tannery waste poses serious threats to the environment.
The non-tanned waste undergoes biological degradation
which may be the source of pathogenic bacteria, fungi
and volatile organic compounds emission. The significant
disposal of chromium in tannery waste is about 30
thousand Mg per year worldwide (Kanagajeras et al.,
2009). The environmental effects of such proceeding go
far beyond the potential contamination of the
environment. The reuse of chromium from tannery waste
could help save energy and financial expenditure for
chromium ore output and processing (Cabeza et al.,
2010).
The waste management hierarchy is an ordered set of
preferred practices that can be used to reduce the amount

of waste being disposed. The hierarchy has five
components, generally ordered in decreasing preference
as follows: (i) waste minimization, (ii) reuse, (iii) material
recycling, (v) energy recovery and (v) waste disposal.
Therefore, the higher levels of the hierarchy are environmentally benign than the lower level in most cases;
with land filling waste in the ground as the least desirable
approach to waste management (Bain et al., 2010).
The present work is undertaken with the view to study
the nature of chrome buffing dust, a waste material
generated from leather industry and its physicochemical
properties for future treatment of solid waste using fungi
by bioremediation process.
MATERIALS AND METHODS
Chrome buffing dust (CBD) waste water sample and reference
water sample
Chrome buffing dust, waste water and reference water were used in
the study collected from Nigerian institute of leather and science
technology (NILEST). CBD was dried for a week and utilized for
further experiment. The dried CBD was characterized for moisture
content, chemical oxygen demand (COD), total organic carbon
(TOC), pH, temperature, ash, crude fiber, estimation of total
chromium and alkalinity. Waste water samples and reference water
samples were collected from the same institute (NILEST). The samples were collected using clean plastic container, well cleaned, with
no ionic detergent rinsed with tap water and washed with deionised
water prior for usage. While collecting samples contamination of the
sample was avoided from any foreign material. Collected samples
were brought to the laboratory and stored in the refrigerator at 4°C
temperature.

pH
Ten grams of buffing dust samples was taken and added to 25 ml
of distilled water. The mixture was shaken thoroughly for 20 min.
The pH was determined using the pH meter in standard buffer
solution (Nag, 2007).

Temperature
Ten grams of buffing dust sample was taken and added to 25 ml of
distilled water. The mixture was shaken thoroughly for 20 min. The
temperature was determined using the thermometer in solution
(Aneja, 2007).

Moisture
The moisture content of the buffing dust was calculated based on
the method described by Aneja (2007). Empty petri dish was
weighted and a sample of buffing dust was placed on the dish and
weighted. The buffing dust in the petri dish was dried in oven
(Fisher, isotherm oven model 175) at 105°C, weighting was done at
regular interval until; a constant weight was obtained and the
moisture was determined thus;

Loss in weight of buffing dust
Percentage moisture =

× 100
Weight of dried buffing dust
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Organic carbon

Chemical oxygen demand (COD)

Two and half gram of dried, sieved buffing dust was taken into a
pre-weight crucible and ignited over a bunsen burner to a bright red
heat, stirred occasionally with a wire loop. The sample was heated
for 15 min. Then it was allowed to cool in a desiccators and the
weight of buffing dust was taken. The organic carbon content was
calculated as follows:

50 g of dried buffing dust sample was suspended in 50 ml of
distilled water in a beaker and filtered using nylon cloth. 25 ml of the
filtrate was collected in a beaker and poured into a round bottom
flask fitted with a condenser and several anti-bumping granules
were added, followed by 30 ml of concentrated sulphuric acid and
10 ml of K2Cr2 O7 and digested for 2 h at 150°C using heating
mantle (Hitachi, 1987). To the blank, 20 ml of distilled water was
taken and treated in the same manner. After 2 h digestion of both
sample and distilled water (blank), the mixture was made up to 140
ml and later cooled to room temperature; the solution was titrated
with 0.1 N ferrous amonium sulphate (FAS). After adding 3 drops of
ferion indicator in the cooled digested buffing dust, the colour of the
solution was changed from blue-green to reddish blue and was
noted. The COD was calculated as:

Loss in weight
Percentage organic matter =

× 100
Weight of sample

Organic matter
Percentage organic carbon =
1.724
(Fawole and Oso, 2004).

COD mg/l = [(A - B) N × 8000] / ml sample
Where: A = ml of ferrous ammonium sulphate used for blank; B =
ml of ferrous ammonium sulphate used for sample; N = normality of
ferrous ammonium sulphate solution (Wong, 2009).

Determination of ash content
A porcelain crucible was dried in an oven at 100°C for 10 min,
cooled in a desiccator and weighed (W 1). Two grams of the finely
ground sample (buffing dust) was placed into the weighed porcelain
crucible and re-weighed (W 2). It was then transferred into a furnace,
which was set at 550°C. The sample was then left in the furnace for
6 h to ensure proper aching. The crucible containing the ash was
then removed and allowed to cool in the desiccator and weighed
(W 3). The percentage ash content was calculated as:

W3 - W1

% Ash content =

× 100
W2 – W1

Where, W 3 = weight of crucible and the content after cooling in the
dessicator; W 2 = weight of content and crucible before heating; W 1
= weight of the crucible (AOAC, 1984).

Determination of crude fiber
Two grams of the finely ground sample was weighed out into a
round bottom flask and mixed with 100 ml of 0.25 M H2 SO4. The
solution was thoroughly mixed and boiled under reflux for 30 min.
The hot solution was quickly filtered under suction. The insoluble
matter was washed severally with hot water until it was acid free.
This was later transferred into a flask and 100 ml of hot 0.31 M
NaOH solution was added and the mixture boiled again under reflux
for 30 min and then quickly filtered under suction. The soluble
residue was washed with boiling water until it was base free and
later dried to a constant weight in the oven at 100°C and finally
cooled in a dessicator and weighed (C1). The weighed sample (C2)
was then incinerated in a Gallemkamp (80) muffle furnace at 550°C
for six hours.

Estimation of total chromium
50 g of dried buffing dust was suspended in 50 ml of distilled water
in beaker and was filtered through nylon cloth. 25 ml of the filtrate
was collected in 400 ml beaker and 10 ml of concentrated H2 SO4
and 5 ml concentrated HNO3 were added to the filtrate. The beaker
containing the mixture was then placed on a hot plate for boiling
until the solution became clear and then the solution was then
transferred into a volumetric flask. The volume of the filtrate was
made up to 50 ml by adding deionized water. The digested sample
was stored in sterilized polyethylene bottle at room temperature and
taken to atomic absorption spectrometry (AAS) (Rani, 2003) for
chrome analysis.

Alkalinity
100 g of the buffing dust sample was introduced in 100 ml of
distilled water in 250 ml Erlenmeyer flask and left over night. The
solution was heated in a water bath at 65°C for 45 min. The solution
was filtered through a nylon cloth. 50 ml of the filtrate was
introduced into 250 ml Erlenmeyer flask followed by addition of 3
drops of phenolphthalein indicator. Upon the development of pink
colour, 0.02 N sulphuric acid from a burette was gradually added to
the solution until the pink colour just disappear and the amount of
acid used was recorded. Three drops of methyl orange indicator
was then added to the flask. If the sample became yellow, then
0.02 N sulphuric acid was added until the difference in colour was
noted when compared with the distilled water. The alkalinity was
then calculated using:
Total alkalinity as CaCO3 (mg/l) = Total acid × 10 (Nag, 2007).

Isolation of fungi species from wet chrome buffing dust waste

C1 – C2
% Crude fibre =

× 100
Wt of sample

(AOAC, 1984).

Thirty grams of dried chrome buffing dust waste was dissolved in 50
ml distilled water in 250 ml beaker and left for 3 days aseptically.
Ten ml of the wet chrome buffing dust waste extract was transferred
in 90 ml of sterile distilled water and aseptically serial dilution was
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performed. Ten ml of the buffing dust waste extract was pipetted
into 90 ml water blank number 2 to make up 1:00 (10 -2) and another
10 ml of chrome buffing dust extract was pipette into 90 ml water
blank number 3 to make up 1:1000 (10-3). Further dilutions were
repeatedly carried out for 10-4 to 10-7, respectively. Aliquots 0.1 ml
was aseptically transferred into freshly prepared potato dextrose
agar (PDA) medium. Sterile glass spreader was used to aseptically
spread the sample on the surface of agar medium. The plates were
then incubated at ambient temperature (27 to 32°C) for 3 to 4 days.
Emerging fungal colonies were picked and aseptically sub cultural
into freshly prepared PDA and incubated to obtain a pure isolates.
These pure isolates were then kept on PDA slants at 4°C for further
use (Adawiah, 2008). Fungi were also isolated from tannery effluent
waste and reference water sample on the sample by the same
procedure.

Identification of fungal isolates
Smear of the isolated fungi were prepared in lactophenol cotton
blue method. Cultural characteristic such as colure, size of colonies
of fungal isolates, size and shape of conidiophores/fruiting bodies
and conidia were measure and recorded. Fungal isolates were
identified by matching these characteristics (Hemanmbika et al.,
2011).

RESULTS
The result is focused mainly on the mean values of
chrome buffing dust (CBD), effluent waste and reference
water sample associated with pathogenic fungi on each
respective sample. Pictures were also taken with regard
to the practically oriented wet and dry buffing dust as well
as incinerated buffing dust in readiness for media
formulation by bioremediation. Picture of fungi associated
with chrome buffing dust was also noted in situ as seen in
(Figure 1, Table 1, Plates 1, 2, 3, 4 and 5, respectively).
There is gradual change in the values of the parameters being compared. Total chrome was the lowest
reference sample but exhibited the highest value in
chrome buffing dust and effluent water sample, while
others exhibited various noticeable changes. Study of the
fungi in the chrome buffing dust waste (CBD) and effluent
waste are shown in Table 1 shows that fungi were
isolated both in CBD and effluent sample. The highest
fungi colony count is 5. 43 × 103 CFU/ml) from CBD,
followed by effluent sample 2.48 × 103 CFU/ml and none
was observed in the reference water sample.
DISCUSSION
In trying to determine the physicochemical properties of
chrome buffing dust in comparison with those of effluent
and reference water sample focus was mainly on leather
tanning and finishing. Leather tanning and finishing
industry produces unique and complex industrial waste
water that result in special problem with regard to treatment;

whether discharged directly into receiving water or into
publicly owned treatment work. The main source of
organic pollution from most tanneries is the chrome
waste stream apparent from chromium species. Analysis
of chromium species in the chrome buffing and waste
water discharge requires special attention for their
treatment by biological method. In this discussion, there
was a gradual decrease in pH values of the samples from
reference water > chrome buffing dust >> effluent water,
respectively. The pH of the effluent might also be
adjusted with acid or alkaline depending upon the nature
of leather tanning or finishing. pH is the measurement of
intensity of acidity, alkalinity and measures the
concentration of hydrogen ion water. Deepali et al. (2009)
reported pH of the tannery effluent as 3 to 3.5 which was
a very acidic condition whereas Krishenamooth et al.
(2009) observed pH of tannery as 8 to 9. However, WHO
guide line stated a tolerance limit of pH 6 to 7 (Akan et
al., 2008). Determination of pH is an important objective
in treatment of waste variation in effluent which can affect
the rate of biological reactions and survival of various
microorganisms. Nearest to neutrality or neutral pH value
was recorded from reference water sample as an
evidence for fitness in industrial and domestic usage;
since there was no chemical recipe added to the naturally
existing water bodies. In addition, the discharge of waste
water into water bodies may cause a drop or increase in
their pH due to the chemicals and activities of microbial
population.
Temperature is basically important for its effect in
chemical reaction rate, aquatic life and the suitability of
water for beneficial use. Temperature values of the
samples are within the ranged of ambient temperature
(27 to 30°C). Banat et al. (1996) reported that the textile
and tannery effluent are produced at relatively high temperature (50 to 60°C). High temperature of waste water is
commonly due to addition of warm water from industrial
activities. Increase temperature can also cause change in
the species of fish that exists in receiving body. The
results indicate that some reactions could be speeded up
by the discharge of this waste water into stream. It will
also reduce solubility of oxygen and amplified dour due to
anaerobic reaction (Akan et al., 2008).
Akalinity is the measurement of waste water due to the
2presence of hydroxyl (OH ), carbonate (CO3 ) and
bicarbonate (HCO3 ) used during buffing process.
Alkalinity of the sample was very low. Similar findings
were reported by indira and ravicin (2010) of high alkaline
content (1210 mg/L) and (500 mg/L), respectively. In this
current investigation, the level of alkalinity is very much
lower than the values obtained by indira and ravicin
(2010). Low alkalinity is attributed to the fact that there
2was little or no (OH ) or (CO3 ) present in the natural
existing water bodies and life is assured of safety for animals, humans, microorganisms as well as plants.
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Figure 1. Comparative Study of mean values (parameters) of: (a) chrome buffing dust (CBD), (b) effluent
sample and (c) reference water sample.

93

94

J. Toxicol. Environ. Health Sci.
Table 1. Comparative study of fungal isolates from chrome buffing dust (CBD), effluent
and reference water.

Chrome buffing dust (CBD)
Aspergillus niger
Penicillium sp
Aspergillus flavus
Aspergillus fumigatus
3
Fungal count 5.43 × 10 CFU/ml

Plate 1.

Flayed raw skin (sheep).

Plate 2. Dried buffing dust.

Effluent Sample
Aspergillus niger
Penicillium sp
3
2.4 × 10 CFU/ml

Reference water sample
-

Emmanueul et al.

Plate 3.
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Wet buffing dust.

Plate 4. Incinerated chrome buffing dust.

The moisture content is measured with the amount of
water lost from materials upon drying to a constant
weight. It is directly affected by physical and chemical
properties of material which enable it to absorb the
exiting waste in the environment. High moisture content
was observed in chrome buffing dust and none was
observed on those of effluent and reference water samples as seen Figure 1. Similar finding was conducted on
solid waste by Rajendra (2002) and found the values within the range of 14 to 40%. In this current investigation,

the value was a bit higher than Rajendra report. To this
effect, high amount of moisture added to solid waste
beyond its holding capacity constitutes the danger of
leachate produced from the waste. The knowledge of
moisture holding potential of solid waste is important to
estimate the amount of moisture to be added in a landfill
before any leachate is produced and drained off through
the bottom (Rajendra, 2002).
Ash content of waste is the non-combustible residue
left after waste is burnt. This represents the natural
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Plate 5. Mixed culture of fungal isolates from chrome buffing dust. (A) Aspergillus fumigates; (B)
Old culture of Aspergillus niger; (C) Aspergillus fumigates; (D) Penicillium sp; (E) Aspergillus
flavus, Aspergillus niger, Aspergillus fumigates.

substances after carbon, oxygen, sulfur and water.
Kalanatarifard and Go (2012) recorded high percentage
of ash content in fruit husk, rubber and leather with 27
and 22%, res-pectively, dominating in the ash content
percentage. In this current investigation, low or moderate
percentage of ash content is an evident that favoured the
activity fungi in solution or medium.
Organic carbon is defined by carbon found in the
material which is left after volatile test. Organic carbon is
determined by removing the mass of volatile from the
original mass of the sample. Organic carbon is the
carbon remaining on surface as charcoal. The high
percentage of the organic carbon in waste materials such
as metals (74%) shows that this element requires a
longer detention time on the surface of the furnace to
achieve complete combustion compared to paper waste,
food waste or even textile that has been reported by
Kalanatarifard and Go (2012). In this study, the result
obtained due to low organic content in chrome buffing
dust agreed with the report of Kalanatarifard and Go
(2012). Possible explanation could be related to ash
contents on fungi.
Chemical oxygen demand (COD) is the amount of
oxygen required by organic matter for its oxidation by
strong COD substance in water. The COD is a test which
is used to measure pollution of domestic and industrial
waste. The waste is measured in terms of equality of
oxygen required for oxidation of organic matter to produce CO2 and water. There was significance difference
between the concentrations of COD at different treatment. The lowest was found in reference water followed

by effluent water and buffing dust, respectively as seen
Figure 1. It has been reported by Nourisepehr et al.
(2005) that the range of COD in tannery waste water is
1200 to 1300 mg/L. Similar finding regarding high COD
(1230 mg/L) of effluent discharges from a diary effluent
(Kolhe et al., 2008). In other words, a high degree of
discharge of effluent in combination with buffing dust into
soil or streams may cause eutrophication of water bodies
(Gbolagunte et al., 2003).
Chromium, a heavy metal, was detected to be high in
chrome buffing dust, effluent water except in reference
water sample as seen in Figure 1. A possible explanation
for its high level is as a result of the used chromium salt
during tanning. This could be disastrous to the concept of
a clean environment. It may also enter the food chain
through plants, animals as well as water source. Once it
gets into food chains,
biomagnifications and
bioaccumulation of the metal in various living systems
may take place. This result was in conformity with that of
khan (2006) in which they reported that bioaccumulation
and biomagnifications could lead to toxic level of these
metals in organism, even if exposure level is low. This
could also cause disruption in the ecological balance
when in abundance. However, the said permissible limit
for total chromium discharge in the stream or river for
irrigation and domestic used should not exceed 0.05
mg/L (WHO, 2004). Then it could be that the rural
dwellers that leave within that vicinity are not guaranteed
of safety.
High concentration of chromium ion in drinking water
can cause skin, allergic reactions, carcinogenic and
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mutagenic allergic effect to humans (Matin and Griswold,
2009).
Study of the fungi in the chrome buffing dust waste
(CBD) and effluent waste are shown in Table 1 and it
shows that fungi were isolated both in CBD and effluent
3
sample. The highest fungi colony count is 5. 43 × 10
3
CFU/ml from CBD, followed by effluent sample 2.48 × 10
CFU/ml and none was observed in the reference water
sample. The existence of these fungi in CBD and the
effluent also could be attributable to the nutrient in the
hides and skins shaving; hence, serving as a source of
nutrient for the survival of fungi (Gbolagunte et al., 2003).
The presence of truck load of pathogenic fungi associated with chrome buffing dust could be disastrous to
humans and causes asthma. Several results were
obtained on the survey conducted with regard to the
numerous tannery industries located in Challawa industrial estate Kano state of Nigeria. The unprecedented
discharge of chrome buffing dust in land fill abatement is
quiet uncalled for and it is usually used as fertilizer by
rural dwellers, which is not the true picture with regard to
one’s health. It was also confirmed that 20 to 40% of
young and elderly rural dwellers who engage themselves
in irrigational farming in dry season were acutely affected
by the disease called asthma due to inhalation of dust
associated with these pathogens. Aspergillus fumigatus
is a causative agent of asthma (Gbolagunte et al., 2003).
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cost biological method.
RECOMMENDATION
Tannery industries have to be advised to use proper
means for the treatment of chrome buffing dust waste for
disposal into environment. At present (Nilest), tannery is
characterized by low levels of technology and the
production of low grade leather from low grade raw hides
and skins, system innovation and enhancement in
industrial efficiency are necessary for quality improvement as well as reduction in pollution. In the present
situation, to introduce cleaner technology, it is necessary
to build an experimental tannery with the necessary
equipment for research and development studies. This
could be used to demonstrate new method and test
chemical recipes. In addition to this, there is a need for
technical expertise in this tannery.
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Conclusion
In this current study, the overall results of
physicochemical properties from Nilest tannery is
characterized by the following pH, temperature (°C),
alkalinity (mg/L), moisture content (%), organic carbon
(%), crude fiber (%) except chromium content which was
high and had high contaminants of fungi species from
chrome buffing dust followed by effluent water sample
greater than 0.05 and 2 mg/L, as recommended standard
of World Health Organization (WHO, 2004) and
International Monitoring Regulatory Agency, respectively.
This might likely pose health hazard to the tannery
workers as well as public health in general. The use of
fungi to ameliorate the environmental impact of chrome
buffing dust waste and other tannery waste would
ultimately be a solution to environmental co-friendly.
Nilest leather industry must design excellent sustainability
environmental initiative that would allow it to control,
monitor and if possible bioremediation processes in order
to meet the national and international regulation on
control and prevention of pollution. Further, bioremediation of the chrome buffing dust would ultimately be a
solution to riverside and landfill abatement. Thus, the
process is cheaper and affordable. This study may open
new areas for remediation of buffing dust waste using low
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