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Abstract
Bioremediation potential of a combination of cow dung and a microbial consortium (Pseudomonas aeruginosa, 

Penicillium chrysogenum and Aspergillus niger) in soil contaminated with tannery effluent, was investigated in the 
laboratory. Concentrations of phenol, sulphide and ammonium nitrogen in contaminated soil, were significantly 
reduced (P=0.000) to permissible levels after treatment with microbial consortium, cow dung or combination 
of microbial consortium and cow dung. Reduction of these compounds was best with combination of microbial 
consortium and cow dung. Cr (VI) level (139.2 mg/kg) was significantly reduced (P=0.000-0.050) by 33.2, 96.9 
and 99.9% after treatment with microbial consortium, cow dung, and combination of consortium and cow dung, 
respectively. The treatments elevated soil pH from 5.8 to 6.9-7.2. Growth of maize in soil treated with the combination 
of microbial consortium and cow dung was not significantly different from growth in uncontaminated soil. Cr (VI) 
concentrations in the maize tissues were very low (0.002-0.006 mg/g). Thus combination of microbial consortium 
and cow dung may have potential application in bioremediation of soil polluted by tannery wastes.

Keywords: Tannery effluent; Effluent-contaminated soil; Bioreme-
diation; Cow dung; Microbial consortium

Introduction
Tanning process generates wastes that are of serious environmental 

impact particularly in countries where environmental regulations are 
not enforced. Pollutants associated with tanning activities include 
chloride, formaldehyde, sulphuric acid, manganese, sulphide, phenols, 
synthans, tannins, chromium, lead, zinc, non-collagenous protein 
wastes, and tanned and untanned collagen [1,2]. Less than 5% of the 
tannery industries in the world have adopted adequate measures for 
treatment of effluents because of the cost implication [3]. Even the 
present conventional method of treatment (preliminary, primary and 
secondary treatment) has been found to be a secondary source of 
pollution [4].

The tanneries in Nigeria are mainly located in the northern part 
of the country and investigations have shown that the wastes are 
mostly dumped untreated on water and land surfaces. For example 
a report [5] showed that untreated tannery wastes were regularly 
discharged into land surfaces in Sokoto, Northern Nigeria. These 
researchers reported concentrations of sulphide, ammonium 
and chromium in Sokoto soil to be far above permissible levels. 
The integrity of contaminated soils would need to be restored by 
appropriate remediation treatments.

Bioremediation is an ecologically-friendly strategy that involves 
the use of living organisms particularly microorganisms, to degrade 
pollutants to innocuous compounds. Several reports have shown that 
microorganisms have been extensively researched for their ability 
to detoxify tannery pollutants [6-9]. However, these reports focused 
on tannery wastes and not on remediation of soil contaminated with 
tannery wastes per se. Reports on remediation of soil contaminated 
with tannery effluent tended to focus more on removal of chromium. 
These include, but not limited to leaching of chromium in polluted 
soil in a bioreactor-biosorption system [10] phytoremediation with 
biological wastes and non-edible crops with high chromium tolerance 
[11] and remediation by electrokinetic technique [12]. Several other 

chemical remediation methods have been used as shown in the review 
by Dhal et al. [13], but environmental concern compelled industries 
and researchers to turn to bioremediation as an ecologically-friendly 
approach. 

However, there is paucity of information on the use of 
microorganisms and biological or animal wastes to remedy soil 
contaminated with tannery wastes and particularly chromium, because 
of insufficient research. Microorganisms like Pseudomonas aeruginosa, 
Penicilium chrysogenum and Aspergillus niger isolated from tannery 
effluent or contaminated sites have been shown to be resistant to Cr 
(VI)-a highly toxic pollutant, and are able to reduce the concentration 
in tannery effluents and aqueous solutions [14-17]. These organisms 
are therefore likely to remove chromium or degrade other tannery 
effluent pollutants in contaminated soil especially when applied in 
mixed culture as a consortium. A mixed population can cause a 
higher level of degradation than a single organism. This can be viewed 
as a simulation of a natural ecological niche that usually consists of 
mixed populations. Animal wastes or compost can also be useful for 
bioremediation, because some reports indicated that cow dung and 
composted municipal wastes enhanced biodegradation of hydrocarbon 
in polluted soils [18,19]. This necessitated a laboratory study to test the 
hypothesis that degradation of tannery wastes in contaminated soil by 
a consortium of Pseudomonas aeruginosa, Penicillium chrysogenum, 
Aspergillus niger isolated from tannery effluent can be enhanced in the 
presence of animal wastes. 
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Materials and Methods
Collection of samples 

Polythene bags previously sterilised by overnight immersion in 75% 
alcohol were used to collect soil samples up to a depth of 10 cm from 
6 randomly selected areas in Kano, Northern Nigeria where tannery 
effluents were frequently discharged. For the purpose of comparison, 
soil samples were also collected from 6 randomly selected areas in Kano 
that were not exposed to tannery wastes.

Physical and chemical analyses of effluent and soil contami-
nated with tannery effluent 

The pH of the soil samples was determined in aqueous solution 
with a pH meter while soil nitrogen was determined by the Kjedahl 
method. The methods of Saxena et al. [20] and Kobayashi et al. [21] were 
used to determine concentrations of tannin and phenol, respectively. 
Sulphide was determined by phosphoric acid steam distillation and 
spectrophotometry with N-N-diphenyl-p-phenylenediamine (DPD) 
[22]. Cr (VI) was determined in the soil by the spectrophotometric 
method using 1.5-diphenyl carbazide and 0.5M NaOH-0.28M Na2CO3 
as leaching reagent [23]. 

Treatment of soil contaminated with tannery waste

The soil samples were dispensed in 100 g quantities into 6 1 
L flasks and sterilized at 121°C for 30 minutes. On cooling the 
flasks were each inoculated with combination (consortium) of the 
treatment organisms (20 mL peptone water suspension of 106 cells 
of Pseudomonas aeruginosa and 20 mL potato broth suspension of 
macerated 5 cm diameter mycelia of Penicillium chrysogenum and 
Aspergillus niger). The inoculum size as stated above was determined 
by plate count for P. aeruginosa while the 5 cm diameter mycelium 
was cut from the edge of the mycelium of P. chysogenum or A. niger 
freshly propagated on Potato Dextrose Agar plates. Thereafter the 
flasks were set aside on the laboratory bench for 42 days during 
which they were manually turned over with oven-sterilised glass rods 
at weekly intervals for aeration. A shaker was not used, because the 
agitation could not turn over the soil medium as desired. The soil was 
moistened with 20 mL sterile tap water each time it was turned over. 
The pH was measured at weekly intervals while phenol, sulphide, 
nitrogen, tannin and Cr (VI) concentrations were determined as 
before at the end of the experiment (42 days). 

Another set of flasks was mixed with cow dung (80 g contaminated 
soil+20 g cow dung/flask) and inoculated with the consortium as 
before and set aside for 42 days. The control set was not inoculated 
with the consortium. Moistening, aeration and measurement of pH 
was repeated as before at similar intervals. Analyses of the chemical 
constituents were also conducted after the treatment period. All the 
experiments were repeated trice for the purpose of ensuring reliability 
of the results. The results were analysed by one-way ANOVA and Tukey 
post hoc tests. 

Microbial population changes

After manual mixture, 1 g soil samples were withdrawn from each 
flask on commencement and subsequently at fortnightly intervals for 
determining bacterial and fungal population changes. The populations 
were determined by plate count using Nutrient Agar and Malt Extract 
Agar incorporated with streptomycin and chloramphenicol antibiotics 
for bacteria and fungi, respectively.

Oxidation of sulphide and utilisation of ammonium nitrogen 
by treatment organisms

Tubes containing 50 mL Thiosulphate Broth (g/L: 5.0 glucose, 5.0 
Na2S2O3, 0.1 K2HPO4, 0.2 NaHCO3, 0.1 NH4Cl, 0.0025 bromophenol 
blue, pH 8.0 [24,25] were inoculated with I mL normal saline suspension 
of 105 P. aeruginosa cells or macerated 5 cm diameter mycelia of P. 
chrysogenum or A. niger. The tubes were incubated at room temperature 
(30 ± 2°C) for 10 days after which the pH and indicator colour were 
recorded. Reduction of pH and colour intensity was taken as ability to 
oxidize sulphide.

For testing the ability of the treatment organisms to use ammonium 
nitrogen, a medium consisting of (g/L): glucose 2.5, (NH4)2SO4 1.0, 
K2HPO4-3H2O 0.5, NaCl 1.0, MgSO4·7H2O 0.25, FeSO4·7H2O 0.2, agar 
20 pH 7.2-7.4 [26] was used. The medium was inoculated with a loopful 
of P. aeruginosa, from fresh Nutrient Agar plates and 5 cm diameter 
mycelia of P. chrysogenum and A. niger from fresh Potato Dextrose Agar 
plates. Appearance of growth on the medium indicated the ability to use 
ammonium nitrogen.

Growth of maize in treated tannery waste-contaminated soil

Germination and growth of maize seeds were used to test the 
efficacy of the treatment that best reduced the level of the tannery 
waste constituents in the contaminated soil. Plastic pots containing 200 
g of uncontaminated, untreated contaminated and treated (microbial 
consortium; cow dung; cow dung+microbial consortium) contaminated 
soils were used for the tests. Sterile tap water was added at 50 mL/pot at 
intervals of 3 days for the 21 days duration of the experiment. The stem 
height and leaf size were used as indices of growth. The results were 
analysed by ANOVA and Tukey post hoc statistical tests. In addition 
the maize plant (roots, stem, and leaves) from the treated soil that best 
promoted growth and untreated contaminated soil were analysed for 
Cr (VI) using the nitric acid and hydrogen peroxide digestion method 
and atomic absorption spectrometer procedure of EPA 200.3.

Results and Discussion
The results showing the concentrations of tannery effluent pollutants 

in soil are presented in Table 1. The pH of the normal soil was near 
neutral while that of the effluent contaminated soil was slightly acidic. 
The chemical pollutants’ concentrations in the soil were markedly 
higher than in normal soil and also exceeded permissible limits. This 
can be attributed to the frequency of discharge of the effluents into 
the soil. It was also reported that soils exposed to tannery wastes in 
Sokoto, Northern Nigeria had concentrations of tannery pollutants that 
exceeded permissible limits [5]. Although there are other constituents 
of tannery effluent that can impact the environment, the main toxic 
constituents are chromium, hydrogen sulphide and phenol which could 
exist as chlorinated phenols [27]. It was based on this knowledge that 
Cr (VI), phenol, tannin, and sulphide were selected as the pollution 

Pollutants *Contaminated soil *Normal soil
pH 6.3 ± 0.0.7 7.1 ± 0.2

Nitrogen (mg/kg) 164.7 ± 11.6 0.9 ± 0.02
Sulphide (mg/kg) 29.7 ± 5.4 0.9 ± 0.01
Phenol (mg/kg) 1191.3 ± 35.8 7.6 ± 0.5
Tannin (mg/kg) 142.4 ± 9.8 87.1 ± 4.8
Cr (VI) (mg/kg) 139.2 ± 6.5 0.02 ± 00.001

*Values are presented as M ± SD.
Table 1: Concentration of some pollutants in soil contaminated with tannery 
effluent.
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Chemical parameter
Soil treatment

*F(P)
Untreated Microbial consortium Cow dung Cow dung + microbial consortium

Nitrogen (mg/kg) 164.7 ± 11.6 40.0 ± 4.2 14.1 ± 1.4 3.4 ± 0.5 55.6(0.000)
Sulphide (mg/kg) 29.7 ± 5.4 1.0 ± 0.06 6.1 ± 0.6 0.2 ± 0.02 7.8(0.002)
Phenol (mg/kg) 1191.3 ± 35.8 25.4 ± 2.9 52.2 ± 4.8 6.0 ± 0.5 265.0(0.000)
Tannin (mg/kg) 142.4 ± 9.8 5.3 ± 0.6 26.4 ± 2.6 2.3 ± 0.1 19.5(0.000)
Cr (VI) (mg/kg) 139.2 ± 6.5 93.0 ± 5 5.5 ± 0.3 0.07 ± 0.01 167.2(0.000)

*ANOVA: values in parenthesis indicate level of significance. Concentrations of the chemical parameters are presented as Mean ± SD.
Table 2: Effect of microbial consortium and cow dung treatments on the concentration of chemical pollutants in soil contaminated with tannery effluent.

Microorganisms Sulphide oxidation* Use of ammonium 
nitrogen medium

Pseudomonas aeruginosa Yes +
Penicillium chrysogenum No -

Aspergillus niger No -
*Oxidation=lowering pH and colour change of medium; +, Growth; -, No growth 
(See Materials and Methods)

Table 3: Oxidation of sulphide and utilization of ammonium nitrogen.

Soil treatment
Plant growth index (Mean ± SD)

Leaf area (cm2) Plant height (cm)
None (uncontaminated soil) a,c80.0 ± 1.0 a42.1 ± 1.0

Microbial consortium b,c40.2 ± 1.4 b23.9 ± 1.0
Cow dung b,c48.1 ± 1.1 b28.9 ± 0.8

Cow dung+Microbial consortium a78.7 ± 1.4 a40.6 ± 0.6
None (contaminated soil) a,b,c10.5 ± 1.8 a,b,c4.8 ± 0.5

F statistics 1342.7 (P=0.000) 516.3 (P=0.000)
Significant difference: from growth in uncontaminated soil, aP>0.05; bP<0.05; from 
growth in untreated contaminated soil, cP<0.05. NA, not applicable.

Table 4: Growth of maize in treated soil contaminated with tannery effluent.

Tissue
Cr (VI) (mg/g) M ± SD

Treated soil Untreated contaminated soil
Roots
Stem

Leaves

*0.006 ± 0.00
*0.004 ± 0.00
*0.002 ± 0.00

*2.24 ± 0.05
*2.02 ± 0.04
*1.34 ± 0.02

*Significant difference [(t test) P=0.000]
Table 5: Cr (VI) in plant tissue following growth in soil contaminated with tannery 
effluent and treated with combination of cow dung and microorganisms.

 

5.5

6

6.5

7

7.5

8

0 7 14 21 28 35 42

M
ea

n 
pH

±
SD

Incubation period (days)

Micobial treatment Cow dung treatment Microbial + cow dung treatment Untreated
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Figure 2: Microbial population changes during treatment of soil contaminated with tannery effluent.Figure 2: Microbial population changes during treatment of soil contaminated 
with tannery effluent.

indicators to be analysed. Ammonium nitrogen was added to the test 
list, because run-offs containing high concentrations of the compound 
can cause eutrophication in nearby water bodies.

Table 2 presents the effect of the three treatment measures on 
the concentration of the chemical pollutants investigated in the 
contaminated soil. Comparison by ANOVA tests showed that the three 
treatment protocols significantly reduced the level of pollutants (Table 
2). Multiple comparison by Tukey test indicated that treatment with 
combination of cow dung and microbial consortium was the most 
effective because it reduced the pollutants significantly better (P=0.015) 
than other treatments. The reduction in the concentration of phenol 
and tannins was expected because both compounds are widespread 
in the environment as intermediates in natural decomposition of 
wood and forest litters by microorganism. It is known that a variety 
of microorganisms including species of Pseudomonas, Aspergillus and 
Penicillium are associated with degradation of phenolic compounds in 
soils [28-30].

The significant reductions in sulphide and ammonium nitrogen can 
be attributed to the activity of P. aeruginosa, because the results in Table 
3 showed that it was the only organism in the consortium that oxidized 

sulphide and utilised ammonium nitrogen. Sulphide is part of the 
natural biogeochemical cycle of sulphur and it is becoming recognized 
that some heterotrophs e.g., Pseudomonas, Bacillus and Micrococcus are 
capable of sulphur oxidation [25,31,32].

The removal of Cr (VI) from the contaminated soil can be attributed 
to the combined action of the test organisms especially A. niger and P. 
chrysogenum, and electron donors in the cow dung. Biological wastes 
including cow dung have been reported to be reservoirs of electron 
donors that can reduce Cr (VI) to the less available Cr (III) in the soil 
[10,11,33]. For example organic compounds like citric acid that can 
transform metals by acting as chelating ligands are formed in cow dung 
[11]. The role of the cow dung is buttressed by the results in Table 2 
and the post hoc analyses which showed that Cr (VI) was significantly 
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(P=0.000) better removed from the soil by cow dung treatment than 
by the microbial consortium. Filamentous fungi including species of 
Penicillium and Aspergillus are known to be capable of immobilizing 
Cr (VI) and other heavy metals by cell wall binding, secretion of metal-
binding metabolites and intracellular uptake [34,35].

The pH of treated contaminated soils increased and peaked by the 
28th day and the overall trend of the changes in pH was identical for the 
three treatments (Figure 1). It can be inferred that the changes in pH 
of treated soils when compared to untreated soil indicated metabolic 
activity of the microorganisms. This inference is corroborated by the 
pattern of changes of microbial population in treated soils (Figure 2) 
which tended to be identical for the three treatments and also with that 
of pH as shown in Figure 1. Despite the identical pattern of population 
changes, the microbial population in soil treated with combination of 
cow dung and microbial consortium was markedly higher than in soils 
exposed to the other treatments (Figure 2). This was expected because 
the starting microbial population was higher being a combination of 
microorganisms from the cow dung and the consortium. 

The growth of maize in treated contaminated soil was significantly 
higher than in untreated contaminated soil (Table 4). Growth of maize 
in soil treated with combined cow dung/microbial consortium was the 
best, because it was not significantly different from growth in normal 
soil (Table 4). This observation is supported by the results presented in 
Table 5, which showed that Cr (VI) concentration in maize propagated 
in soil treated with cow dung/microbial consortium was significantly 
lower than in maize planted in untreated soil. This finding is evidence 
of the success of the treatment stratagem.

Conclusion
The results of the study showed that soil contaminated with tannery 

effluents can be remedied by treatment with P. aeruginosa, A. niger and 
P. chrysogenum, and cow dung. Cow dung is plentiful in Northern 
Nigeria, because it is the base of pastoralists as well as the location of the 
tannery industries. Farmers would therefore have access to cow dung 
which they can use for bioremediation of farmlands contaminated with 
tannery effluents. A bioremediation strategy involving application of 
cow dung and tested microbial consortium would need to be developed 
and made available to the mostly illiterate peasant farmers. A field 
assessment would be required to achieve this, because this study was 
limited to the laboratory.
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