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Efficiency of biosorbent from chitosan coated dead fungal biomass of Aspergillus niger for dye removal
with its impact on metals and physicochemical parameters of textile industry wastewater were
assessed. Dye and metal concentrations of wastewater were determined using UV and Atomic
Absorption Spectrophotometers respectively, before and after column biosorption using simulation
optimized parameters with biosorbent. Physicochemical parameters were determined using standard
methods. Simulated and industrial wastewaters data were analysed statistically with one way ANOVA
and T-test. Biosorption of dye was classified with Langmuir and Freundlich isotherms. Results showed
that at dye concentration of 100 mg/L, 6.90 mg/g of indigo dye adsorbed per mass (qe¢); in 1.87 mg/L of
wastewater, 0.07 mg/g of dye adsorbed per unit mass (qe). Isotherm model fitted well to Freundlich with
constant 0.04 and 8.45 mg/g in textile and simulated wastewater respectively. Metals in wastewater
ranged from 0.071 to 1.102 mg/L. Acidity, COD Zn, Pb, Fe, Ni, Mn, Cu, Cd, Cr, Co, Mg ions were reduced
by 32.94, 39.02, 84.95, 34.57, 44.19, 42.19, 49.09, 25.13, 43.66 and 32.03% respectively after treatment
while TDS, conductivity, alkalinity, turbidity, pH increased. Chitosan coated A. niger could be effective
in removing dyes and heavy metals from textile wastewater.
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INTRODUCTION

The progress made in the development of Industries and of hazardous waste, heavy metals (cadmium, chromium,
technology has resulted in extra load of burden on the and lead) and metalloids such as arsenic and antimony,
environment. This burden is linked to the large quantities and organic contaminant having deleterious effect on the
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ecosystem (Ayangbenro et al.,, 2017). Heavy metal
toxicity has proven to be a major threat and there are
several health risks associated with it. The toxic effects of
these metals interfere with the metabolic processes and
sometimes get accumulated in the body and food chain
and exhibit chronic nature (Jaishankar et al., 2014; Khan
et al.,, 2015; Carolin et al., 2017). The textile industry
being the largest dye stuff, water user and wastewater
producer is not left out in inflicting this serious damage
especially with the large volume of wastewater being
discharged to the available water resources. The first
modern textile industry in Nigeria, the Kaduna Textile Mill,
started production in 1956. By the 70s and 80s, the
Nigerian textile industry had grown to become the third
largest in Africa. A report by the United Nations University
(UNU) accounted for 37 textile firms in the country as of
1987, with operating 716,000 spindles and 17,541 looms.
This was the golden period of Nigeria's textile industry.
Environmental problems with used dyes baths are
associated to the wide variety of different components
added to the dye bath, often in relatively high
concentrations. The dye itself is the greatest problem
(Fersi et al., 2005). Textile wastewater is usually treated
in an activated sludge plant not for reusing purposes but
to meet regulatory standards for discharge, hence it is not
surprising that an appreciable amount of physico-
chemical contaminants such as Suspended Solids (SS),
Chemical Oxygen Demand (COD), Biochemical Oxygen
Demand (BOD), high pH and strong colour still remain in
biologically treated textile effluents. Colour removal by
conventional treatment methods (e.g. ozonation,
bleaching, hydrogen peroxide/UV, electrochemical
techniques) was found to be unsatisfactory (Marmagne
and Coste, 1996; Ciardelli et al., 2001; Baig and Liechti,
2001) because most textile dyes have complex aromatic
molecular structures that resist degradation and are
stable to light, oxidizing agents and aerobic digestion.
Metals, on the other hand, are used in a variety of
processing techniques in the textile industry, including
oxidizers for vat and sulphur dyes, after treatment of
direct dyes, metal catalyst used for curing resins, finishes
(that is, flame retardant, soil release, and water
repellent), dye stripping agents, and various classes of
dyes. Majority of the common dye classes, acid, basic,
direct, disperse, fiber reactive and vat all contain toxic
metals including Cr, As, Cd, Hg, Cu, Pb and Zn (Leonas
and Leonas, 1994; Ahalya et al., 2005). Generally, heavy
metals are present in low concentration in wastewaters
and are difficult to remove from water. There are many
methods being used to remove and recover the metals
from metal bearing industrial effluents and our
environment and many physico-chemical methods have
been presented for their removal from wastewater (Igbal
et al., 2002). These methods differ in their effectiveness
and cost. Some of the methods such as chemical
precipitation, reverse 0sSmosis, ultrafiltration,
electrochemical deposition etc become inefficient when

contaminants are present in trace concentration
(Muhammad et al., 1998). They are not environment
friendly and do not seem to be economically feasible for
such industries because of their relative high costs (Quek
et al., 1998). During the 1970s, the increasing awareness
and concern about the environment motivated research
for new efficient and cost effective technologies that
would be capable of removing metals and other organic
contaminants such as dyes from polluted waste waters
(Rao and Prabhakar, 2011). It was only in the 1990s that
a new scientific area developed and helped to recover
heavy metals and some other contaminants. The early
reports described how abundant biological materials
could be used to remove, at very low cost, even small
amounts of toxic heavy metals from industrial effluents
(Joshi, 2018). The main advantages of biological
technologies for the removal of pollutants are that they
can be carried out in situ at the contaminated site, usually
environmentally benign (no secondary pollution) and they
are cost effective. Biosorption is a simple technique that
relies on the ability of living and nonliving biomass to
remove metals or other organic contaminants from the
matrix of interest (Ojima et al., 2019). Biosorption has
been demonstrated to possess good potential to replace
conventional methods for the removal of organic and
inorganic contaminants (Malik, 2004; Di Piazza et al.,
2017; Okoya et al, 2020a). This search brought
biosorption/adsorption to the foreground of scientific
interest as a potential basis for the design of novel
wastewater treatment processes (Guendouz et al., 2016).
Several adsorbents are currently used which are by-
products from agriculture and industries, which include
seaweeds, moulds, yeast., bacteria, fungi, crab shells,
agricultural products such as wool, rice husk, cocoa husk,
maize husks, straw, coconut husks, peat moss,
exhausted coffee waste tea leaves, walnut skin, coconut
fibre, Moringa oleifera husk etc. (Amuda et al., 2007;
Okoya et al., 2014; Okoya et al., 2015; Okoya et al.,
2020b). Therefore, the search for efficient, eco- friendly
and low cost effective biosorbent for dye and heavy
metals removal from wastewater is a continuous one.
Hence this study seeks to assess the efficiency of the
synergy of Aspergillus niger and chitosan from snail shell
as biosorbent for the removal of heavy metals and indigo
dye from textile industry wastewater.

MATERIALS AND METHODS
Collection and preparation of materials

The A. niger isolate used for this research was collected from the
Department of Microbiology, Obafemi Awolowo University, lle- Ife
while the snail shells used for the extraction of chitosan were
collected from households in lle-Ife, Osun State. The snail shells
samples were first washed, sun dried and ground into a powdery
form after which it was sieved with 150 pm size mesh. The less
than 150um sized powdered snail shell was later stored and used
for the extraction of chitosan according to the procedure (Okoya et



al., 2014). Analytically graded reagents were used for the extraction
of chitosan, preparation of A. niger fungal biomass and all other
experiments in this study.

Preparation of the powdered fungal biomass of A. niger

The A. niger isolate collected was inoculated into sterile petri-dishes
of Potato Dextrose Agar (PDA) and incubated at 25°C for 5 days.
After incubation, A. niger spores that had grown on the petri-dishes
were harvested with distilled water in a 250 ml conical flask. Yeast
extracts medium solution containing salts of KH;POs (NH,):2
S04.7H,0; ZnS04.7H,O and MgS0..7H,0 was later prepared and
autoclaved at 121°C for 30 min. After allowing the autoclaved yeast
medium salt solution to cool, the harvested A. niger spore solution
was then inoculated into the yeast extract medium salt solution in
different 250 ml conical flasks and mechanically agitated for 5 days
to allow for maximum contact of the yeast medium and its content
with the spores (del Rocio Urbina-Salazar et al., 2019). A. niger
spores were later harvested by autoclaving the resultant contents of
the conical flasks and filtering out the dead A. niger spores as the
filtrate. The dead A. niger was pre-treated by washing with distilled
water until the pH of the wash solution is close to neutral and then
oven dried at about 70°C for 36 h. The dry biomass was ground to
powder using a pestle and mortal. The powdered biomass was later
sieved with a sieve opening of 150 um and used as biosorbent.

Extraction of chitosan from snail shells

Chitosan was extracted from snail shell according to the method of
Okoya et al. (2014) and Okoya, (2015). Snail shells samples were
first washed, sun dried and ground into a powdery form after which
it was sieved with 150 um size mesh. The less than150 um sized
powdered snail shell was later deproteinised with 4% (w/v) KOH,
the product demineralized with 3% (v/v) 1 M HCI, decolourised by
refluxing in acetone for 3 h at 60°C to get chitin which was then
deacetylated in 50% (w/v) NaOH solution on a magnetic stirrer at
30°C for 4 h to obtain the chitosan (2-acetamido-2-deoxy-f-D-
glucose- (Nacetylglucosamine) shown in the following chemical
reaction.
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(2-acetamido-2-deoxy-B-D-glucose- (Nacetylglucan)  (2-acetamido-2-deoxy-B-D-glucose-

(Nacetylglucosamine)

Deacetylation of Chitin

Characterization of chitosan

The chitosan powder was characterized using Fourier Transform
Infra-red Spectroscopy (Perkin Elmer Spectrum BXI'l) to verify the
structural modification upon extraction of chitosan from the snail
shell (chitin).

Preparation of chitosan gel

About 5 g of chitosan was slowly added to 100 ml of 10% (w/ v)
oxalic acid with constant stirring. The mixture was also heated to
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40-50°C to facilitate mixing. A chitosan-oxalic acid mixture was
formed with a whitish viscous gel.

Modification of biosorbent

The chitosan gel (100 ml) was diluted with water (~500 ml) and
heated to 40 - 50°C. Ten grammes (10 g) of the sample of the
adsorbent was slowly added to the diluted gel in separate
container, and mechanically agitated using a shaker at 200 osc/min
for 24 h. The gel coated adsorbents were then washed with distilled
water and dried. It was then extensively rinsed with distilled water
and dried in an oven at 102°C for 2 h, cooled at room temperature
and stored in a desiccator.

Column biosorption experiment

Column biosorption study of the dye was carried out using the
modified biosorbent in a column of 1.27 cm diameter and height of
40 cm, with simulated dye solutions of different initial
concentrations (5, 25, 50 and 100 mg /L). Other parameters
optimized include biosorbent dosage (0.1, 0.2, 0.3, 0.4 and 0.5 g)
and contact time (10, 20, 30, 40, 50 and 60 min). For each of the
investigations, the column was first loaded with the chitosan coated
fungal biomass (biosorbent) and gravel in the ratio of 1 to 5 to
create pressure for a better biosorption process. The simulated dye
solution was later poured into the column setup in a down-flow
direction. The effluents from the columns were then collected and
residual dye concentrations determined with a UV/Visible
spectrophotometer. The optimized conditions obtained from the
simulated biosorption experiment were used to run the column
biosorption of the textile industry waste water whose
physicochemical properties have been determined using standard
methods (Ademoroti, 1996; APHA, 2012) and heavy metal
concentrations determined with Atomic Absorption
Spectrophotometer ( APHA, 2012).

Adsorption isotherms

Dye was sorbed from various initial concentrations (5 to 100 mg/L)
of simulated dye solution. Langmuir and Freundlich models were
applied to the adsorption isotherm and relevant constants were
generated (Langmuir, 1916; Freundlich, 1906).

Statistical analysis

The various data obtained before and after treatment with chitosan
coated fungal biomass of A. niger were analyzed using one way
ANOVA to test if there are significant differences between the initial
dye concentration before treatment and after treatment with the
adsorbent in both simulated dye solution and industrial textile
wastewater. Student T-test was used to check for significant
differences between the initial concentration before treatment and
final concentration after treatment of the physico-chemical
parameters in the textile wastewater.

RESULTS AND DISCUSSION
Sample characterization

The FTIR spectrum of the chitosan powder (Figure 1)
showed a broad band at 3383 cm™'due to O-H (hydroxyl)
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Figure 1. FTIR spectrum of the chitosan powder extracted from snail shell.
Table 1. Effects of initial concentration on the amount of dye adsorbed.
Initial Conc. Final Conc. % Removal (This 0 Qe (mg/g)
R I(** E p

(mg/L) (mg/L) * SE Study) bRemoval(*?) +SE
5 4.08+0.15 18.40 N.A 0.11+0.04 35.82 0.00
25 3.58+0.54 85.68 93.05 1.76+0.49 1565.34 0.00
50 4.45+0.42 91.10 97.15 3.47+0.78 11509.14 0.00
100 9.02+0.86 90.98 98.62 6.90+0.98 11206.20 0.00
*1.87 0.81+0.45 56.68 N.A 0.07+0.02 553.05 0.00

SE = Standard Error,F= Degree of freedom, P = Probability and N.A = Not Applicable; p is significant when p< 0.05; Q. is the amount adsorbed
per unit mass of the biosorbent; *1.87 mg/L is industrial wastewater dye concentration.

and N-H (amine) stretching. The peak at 1630 cm™ was
assigned to C=0 stretch. In addition to the peak at 1382
cm™ assigned to amide |, there are also peaks at 1476
and 1353 cm™characteristic of chitin and chitosan which
have been reported as amide | and Ill bands, respectively
(Dragan et al., 2010).

Effect of initial concentration on the amount of dye
adsorbed

Table 1 shows the effect of initial dye concentrations on
the amount of dye adsorbed when the biosorbent was
used for the treatment of both simulated dye solution and
textile industry wastewater. As the initial concentration of
the dye solution increased, the amount of dye uptake
also increased in the simulated dye solution. This
increase in the amount of dye adsorbed per unit mass of
the adsorbent (Q.) with increase in initial dye
concentration of the simulated wastewater is due to an
increased driving force between the aqueous and solid
phases thereby increasing the number of collisions

between dye molecules and the adsorbent (Hubbe et al.,
2011). In the textile wastewater, more dye uptake was
observed than in the simulated dye solution. This is in
agreement with Mohammed et al. (2009) who reported
that in the application of adsorption for purification of
wastewaters the solution will normally be a mixture of
many compounds rather than a single one. The
interactions of these compounds may mutually enhance
adsorption.

Effect of biosorbent dosage on the amount of dye
adsorbed

Effect of biosorbent dosage on biosorption of dye was
studied by varying biosorbent dosage from 0.1 to 0.5 g
when other parameters like initial dye concentration were
kept constant. Tables 2 and 3 show increase in dye
uptake by the biosorbent. This is because of the
availability of more binding sites in the surface of the
biosorbent as the dosage increased (Asubiojo et al.,
2009; Choi et al., 2009; Okoya et al., 2020a) until the
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Table 2. Effect of biosorbent dosage on the amount of dye adsorbed in 100 mg/L simulated dye solution.

Final concentration % Removal Qe (Mg/g)
D . %R [ (** F P
osage (9) (mg/L)+ SE (This study) 6 Removal (%) + SE
0.1 5.68+1.84 94.32 67.88 0.11+0.04 2.85 0.00
0.2 4.53+1.30 95.47 89.69 1.76+0.49 3.09 0.00
0.3 4.23+£1.25 95.77 95.80 3.47+0.78 3.15 0.00
0.4 3.50+1.26 96.50 97.70 6.90+0.98 3.29 0.00
0.5 3.99+1.01 96.01 97.62 0.07+0.02 3.20 0.00

SE= Standard Error; P= Probability, F= Degree of Freedom, p is significant when p< 0.05; Q. = Amount adsorbed per unit mass of the biosorbent;

* *A. niger alone as the biosorbent (del Rocio Urbina-Salazar et al., 2019)

Table 3. Effect of Biosorbent dosage on the amount of dye adsorbed from textile wastewater.

Dosage (g) Cfi(n;?zll') % Removal Qe (miglsgé F P
0.1 0.89+0.05 52.41 0.06+0.00 3.59 0.06
0.2 0.91+0.06 51.34 0.06+0.00 3.59 0.06
0.3 0.81+0.02 56.68 0.06£0.00 4.12 0.07
0.4 0.65+0.01 65.24 0.07+£0.00 4.67 0.09
0.5 0.86+ 0.04 54.01 0.07+£0.00  3.56 0.06

SE= Standard Error; P= Probability, F= Degree of Freedom,p is significant when p< 0.05; Q. = Amount
adsorbed per unit mass of the biosorbent; Initial Textile Industry dye concentration = 1.87 mg/L.

Table 4. Effect of contact time on the amount of dye adsorbed from 100 mg/L simulated dye solution with 0.5 g

Biosorbent Dosage.

Time Final Conc.

(min) (ML) + SE % Removal Q. (mg/g) + SE F P
10 9.81+1.97 90.19 6.76+0.98 8.10 0.02
20 8.15+1.56 91.85 6.891£0.94 9.43 0.01
30 8.15+1.57 91.85 6.89+0.93 9.43 0.01
40 8.06%£1.50 91.94 6.90£0.95 10.07 0.00
50 7.96+1.49 92.04 6.90+0.95 12.89 0.00
60 7.96x1.47 92.04 6.90£0.95 12.89 0.00

SE= Standard Error; P= Probability, F= Degree of Freedom,p is significant when p< 0.05; Q. = Amount adsorbed per unit

mass of the biosorbent.

surface was saturated leading to a decrease in the dye
uptake by the biosorbent. Even though there were
increases in the amounts of dye adsorbed with increase
in biosorbent in the simulated dye solution and industrial
wastewater, statistically there were no significant
differences in the increases observed. This might be due
to the fact that there is no commensurate increase in the
adsorption resulting from lower adsorption of indigo dye
per unit mass of adsorbent as reported by Etim et al.
(2016).

Effect of contact time on biosorption of dye

Tables 4 and 5 show the uptake of dye as a function of

contact time from both simulated dye solution and textile
wastewater. The trend observed may be due to a very
high continuous transfer rate of the dye to the surface of
the biosorbent due to the availability of a large number of
vacant sites initially for adsorption; later the adsorption
capacity tailed off due to the saturation of vacant sites.

Adsorption isotherm

The applicability of sorption processes as a unit operation
can be evaluated using isotherm models. The equilibrium
sorption data obtained were analysed in terms of the
Langmuir and Freundlich equations. The coefficients of
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Table 5. Effects of contact time on the amount of dye adsorbed in the textile industry wastewater.

Time Final Conc. Qe (mg/g)

(min) (mg/L) + SE % Removal + SE F P
10 1.52+0.08 18.72 0.02+0.00 6.97 0.03
20 1.50+0.06 19.79 0.02+0.00 7.04 0.03
30 1.44+0.03 23.00 0.03+0.01 8.13 0.02
40 0.67+0.00 64.17 0.07+0.02 9.56 0.01
50 0.65+0.01 65.24 0.07+0.03 10.42 0.01
60 0.65+0.01 65.24 0.07+0.03 10.42 0.01

+ Standard Error; P= Probability, F= Degree of Freedom,p is significant when p< 0.05; Q. = Amount adsorbed per unit mass of the
biosorbent; Industrial dye wastewater = 1.87 mgl/L.

Table 6. Langmuir and Freundlich constants for the biosorption of dye in the simulated and industrial wastewaters.

Langmuir constants

Freundlich constants

b (L/mg) Q max (Mg/Q) Y (Equation of the line) R? Kt 1/n R2 Y (Equation of the line)
100 mg/L simulated -1.2694 6.9027 -0.1159x+0.1957 0.9993 8.4528 -0.1607  0.9998 -0.0834x+0.817
Dye solution
Industrial -1.9153 0.0733 -35.274x+67.59 0.9804 0.0401 -1.3766  0.9960 -1.4145x-1.397
Wastewater

Where, R? is correlation coefficient; Qmax is biosorption; K; Freundlich constant.

these isotherms for different systems are usually
determined by experimental analysis (Enemose et
al., 2014). Table 6 shows the co-efficient of the
isotherm for both the simulated dye solution and
textile industrial wastewaters. The coefficient of
correlation (R for both model falls within 0< R*<
1. This indicates that both models adequately
describe the experimental data of the adsorption
of dye studied. Freundlich isotherm had a better
fitting for both simulated dye solution and the
textile industrial wastewater.

In this study, Langmuir adsorption constant was
both negative in the simulated dye solution and
textile industrial  wastewater; while  the

Freundlich isotherm model was positive in the
simulated dye and industrial textile wastewater.
This indicates that the amount of dye adsorbed
when saturation is attained is higher with a strong
electrostatic force of attraction when Qmax iS
greater than unity (Alkan et al., 2008); but the
reverse was the case in the industrial wastewater
with a low Freundlich constant of 0.040 mg/g. The
value of 1/n from Freundlich isotherm model
indicates a constant related to intensity of
adsorption. The 1/n from Table 6 shows a value
that is less than a unit (1/n < 1) in both simulated
and industrial wastewaters. A smaller value of 1/n
indicates better adsorption mechanism and

formation of a relatively stronger bond between
adsorbate and adsorbent (Tellan et al., 2007).

Effect of biosorbent treatment on selected

physico-chemical parameters and heavy
metals in textile wastewater
The levels of heavy metals in the textile

wastewater were quite higher than the tolerable
limits set by Standard Organization of Nigeria
(SON, 2007) which could have been possible
through the various processes involved in textile
producing factories as reported by Ohioma et al.
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Table 7. Effect of the Biosorbent on the selected Heavy Metals and physicochemical parameters in Textile Industry Wastewater.

Physico chemical parameter Before treatment After treatment Percentage difference F P

Chromium (mg/L) 0.131+0.000 0.07040.012 45.565 25.126 0.001
Iron (mg/L) 0.465+0.000 0.070+0.048 84.946 19.566 0.002
Copper (mg/L) 1.102+0.000 0.637+0.093 42.196 25.141 0.001
Lead (mg/L) 0.082+0.000 0.050+0.010 39.024 10.811 0.011
Nickel (mg/L) 0.081+0.000 0.053+0.011 34.568 6.594 0.033
Zinc (mg/L) 0.255+0.000 0.171+0.021 32.942 17.031 0.003
Magnesium (mg/L) 0.281+0.000 0.191+0.004 32.028 14.369 0.005
Cobalt (mg/L) 0.071+0.000 0.040+0.008 43.662 15.177 0.005
Manganese (mg/L) 0.043+0.000 0.024+0.004 44.186 28.383 0.001
Cadmium (mg/L) 0.110+0.000 0.056+0.008 49.091 50.017 0.000
Conductivity(us/cm) 342.000+1.000 503.000+1.000 47.076 12960.500 0.000
TDS(mg/L) 228.000+2.000 335.000£2.000 46.930 1431.125 0.001
pH 5.420+0.030 7.6900+0.010 41.882 5152.900 0.000
Acidity (mgCaCo0s/L) 100.000+3.500 38.500+1.600 61.500 255.385 0.004
Alkalinity (mgCaCO0s/L) 25.000+0.500 150.000+£3.500 500.000 1250.000 0.001
COD (mg/L) 48.000£1.000 32.000+1.000 33.333 128.000 0.008
Turbidity (NTU) 1.530+0.020 19.710+0.100 92.237 661024.800 0.000

+ Standard Error; P= Probability, F= Degree of Freedom,p is significant when p< 0.05 at 95% confidence level.

(2009). Huang et al. (1988) reported that the uptake of
metals with biological materials may be possible due to
physical sorption or the nature of the biosorbent by being
heterogeneous as with this adsorbent. Chromium ion was
0.131+0.000 mg/L before treatment as against 0.050
mg/L permissible limit set by Standard Organisation of
Nigeria (SON, 2007) but it was reduced to 0.070+0.012
mg/L after treatment with the biosorbent. The 46%
removal of Cr metal ion recorded in this work from the
textile industrial wastewater supports the finding of
Chojnacka (2005), which investigated the sorption of Cr
(1) ions with hen eggshells from aqueous solutions and
postulated the remediation potential of wastewaters
containing heavy metals with agricultural by-products as
biosorbent. Odoemelam et al. (2009) removed about 90%
of Pb (I1) ions from aqueous solution with oyster and giant
shail shells reported the possibility of using these
materials to remediate wastewaters contaminated with
heavy metals. This work supports his findings with a
removal of about 40% Pb metal ion from textile industry
wastewater. Cadmium metal ion in the textile wastewater
was reduced by 49% which agrees with the report of
Mapolelo and Torto (2004) that proved the biosorption of
Cd (1), Cr (I, Cr (VI), Cu (1), Pb (1) and Zn (Il) with
Saccharomyces cerevisiaeis optimum when the pH value
is above 5. The textile wastewater contained 0.255+0.000
mg/L of zinc metal ion before treatment with the
biosorbent which was reduced to 0.171+0.021 mg/L after
treatment. This is about 33 % removal of Zn metal ion
from the textile wastewater which is still in accordance
with the report of Mapolelo and Torto (2004)) as sited
previously. Cobalt metal ion, copper (Cu) and iron (Fe)

were reduced by about 44, 42and 20% respectively.
Magnesium (Mg) was 0.281+0.000 mg/L before treatment
and 0.191+0.004 mg/L after treatment with the adsorbent
while Manganese (Mn) was 0.043+0.000 mg/L before
treatment and 0.024+0.004 mg/L after treatment with the
adsorbent. Nickel (Ni) was 0.081+0.000 mg/L before
treatment and 0.053+0.011mg/L after treatment with the
adsorbent.

The conductivity of the wastewater increased from
34241.000 uS/cm to 503.000+1.000 pS/cm  after
treatment with the biosorbent which could be as a result
of the presence of salts which were used to cultivate A.
niger. Total dissolved solids (TDS) was increased after
treatment of the wastewater with the biosorbent, as
against reduced TDS reported by Ramamurthy et al.
(2011) in which live cultured isolate of A. niger was used.
The increase in TDS observed in this work may be due to
the use of dead A. niger fungal biomass. Alkalinity
increased while acidity reduced from 100.000+3.50 to
38.500+1.600 mg/L, which is about 61.50% reduction.
This may also be due to the alkaline nature as a result of
the hydroxyl group present in the biosorbent used as
evidenced in the FTIR spectrum of the chitosan used.
Turbidity of the wastewater increased, which may be due
to the dissolution of soluble organic compounds and
other materials from the biosorbent into the wastewater
as presented in Table 7.
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