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ABSTRACT

Tannery wastewater treatment using two isolated micro-organisms (Bacillus subtilis and
Pseudomonas fragii) has been investigated in the present study. The growth patterns, pH
normalisation and the abilities of these micro-organisms to reduce the concentrations of
chemical oxygen demand (COD), total suspended solids (TSS) and chloride were studied
using the shake flask apparatus. The specific growth rate and biomass concentration of
B. subtilis and P. fragii were observed 0.138 h�1 and 3.01mg/l and 0.051 h�1 and 2.34mg/l,
respectively, after 84 h. Both micro-organisms normalised pH of the wastewater. COD
removal efficiency for B. subtilis was 87.6% while that of P. fragii was 85.2%. For TSS,
B. subtilis caused a reduction of 91.7% (from 876mg/l to 73mg/l), while P. fragii reduced the
solid concentration from 876mg/l to 98mg/l (88.8%). B. subtilis could only achieve 48.5%
reduction in chloride concentration (from 127.08mg/l to 65.39mg/l compared to a reduction
of 54.6% (from 127.08mg/l to 57.72mg/l) for P. fragii. From the results, it can be said that
the bacteria present in tannery effluents have significant potential in treatment of tannery
wastewater.

Keywords: Micro-organisms; Dissolved oxygen; Tannery wastewater; Growth kinetics; Shake
flask; Microbial growth

1. Introduction

Increasing rate of industrialisation leads to the
generation of various forms of hazardous wastes.
These wastes are composed of organics, inorganics,
heavy metals and refractory materials that have to be

safely disposed of [1]. The harmful effects of effluents
and waste products from different industries have
been reported [2,3]. The specific water use per unit of
production for each industry varies from one place to
another within the same country. These variations
depend on the technology chosen, the climate, the
water availability and many other factors [4].
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The manufacturing of animal products for human
consumption (meat and dairy products) or for other
human needs (leather) results in the production of
waste. For the leather industry, tanning is the key
operation that transforms raw skins into leather [5].
The tanning industry is said to be one of those indus-
tries with the highest toxic intensity per unit of output
[6]. For every tonne of hide produced, about 300kg of
different chemicals are added [7]. Some of the chemi-
cals include surfactants, tannins, sulphonated oils,
chromium salts, biocides, acrylic resins, auxiliaries,
organic acids, solvents, including ammonium salts,
dyes, chloride, and sulphide salts, bases and organic
and inorganic compounds like natural and/or syn-
thetic tannins acids and polyphenolic compounds [8].
Water consumption is about 30–40m3/tonne of pro-
cessed hide [9] while some authors reported that
about 30–35 l/kg hide of wastewater is generated [10].

Tannery effluent contains high concentrations of
suphonated polyphenols, fatty acids, aromatic and ali-
phatic ethoxylates, chlorides, dyes, sodium sulphide,
aliphatic sulphonates, soluble hydrocarbons, sul-
phates, chromium, proteins and acrylic acids conden-
sates [3,11–14]. The wastewater, therefore, has
complex characteristics [15]. In 2004, it was reported
that global processing capacity of hides and skins was
9� 109kg and effluent generated was estimated to be
30–40� 1010 l [16]. Similarly, coloured effluent dis-
charge into the environment, apart from being aesthet-
ically unpleasant, also impedes light penetration,
reduces the quality of the receiving streams in terms
of reduced dissolve oxygen and may be toxic to the
treatment processes, to food chain organisms and to
aquatic organisms [17].

Different conventional treatment methods for tan-
nery wastewater have been investigated and pro-
posed. These include wet air oxidation [18],
coagulation [19], electrocoagulation [13,20], coagula-
tion–electrocoagulation [11], electrochemical oxidation
[21–24] and coagulation–flocculation [25]. The use of
lime, bittern and activated carbon in tannery wastewa-
ter post-treatment has been investigated [26] while the
optimisation of coagulant dosage in tannery effluent
treatment has also been explored [5]. These conven-
tional methods of tannery wastewater treatment are
being gradually replaced by biochemical and biotech-
nological systems because conventional systems are
considered very expensive in terms of energy and
reagents consumption [27]. In contrast, biological
wastewater treatment has the advantage of low capital
and operating costs, operational flexibility, reduction
of aquatic toxicity, ability to oxidise wide variety of
organic compounds, energy saving and are environ-
mentally safe [1,15]. Biological treatments include

mixed culture [15], sequential batch reactor (SBR)
[28,29], activated sludge process (ASP) [30] and
upflow anaerobic sludge blanket (UASB) [31].

Combination treatment includes aerobic biological–
Fenton oxidation process [32], SBR–chemical oxidation
[33], activated sludge process–reverse osmosis [34],
advanced oxidation–sequential batch [14], membrane
bioreactor–conventional activated sludge process
(MBR/CASP) [35], oxidative–biological treatment [36]
and advanced oxidation–biotreatment [37]. As part of
the investigations in biological treatment of tannery
effluent, this study compared the effectiveness of
Bacillus subtilis and Pseudomonas fragii isolated from a
tannery wastewater in reducing the concentrations of
four key parameters; pH, chemical oxygen demand
(COD), chloride and total suspended solids (TSS).

2. Materials and methods

Tannery wastewater was collected at ambient con-
ditions from the storage pond of a leather tanning
industry in Kano, Nigeria. Part of the effluent was
immediately analysed for pH using the portable pH
metre and the remainder was stored as recommended
[36,37]. Part of the effluent was analysed in the labora-
tory to determine the baseline parameters such as col-
our, biological oxygen demand (BOD), COD, etc.
using standard methods [37] while another part was
taken to the microbiology laboratory for the isolation
of surviving bacterial isolates (micro-organisms) using
the serial dilution method [39].

2.1. Isolation of micro-organisms

Ten test tubes were prepared with each test tube
filled with 9ml of deionised water. Each was tightly
covered with cotton wool and foil, and was then auto-
claved. One millilitre of the tannery effluent suspen-
sion was aseptically taken in the incubating room
using syringe and added to the first flask. This was
lightly shaken and 1ml was withdrawn and added to
the second tube. This process of withdrawal of 1ml
from a tube and putting it in the subsequent test tube
continued until the tenth test tube was reached.

The medium was prepared using nutrient agar.
The nutrient agar was also sterilised in the autoclave.
It was then inoculated with the sample from the tenth
tube using the pour plate method. The whole sample
was then incubated at 37˚C for 24 h. Subculturing to
pure culture was carried out and further incubation
was also carried out at 37˚C for 24 h. Nutrient agar
slants were then prepared and were inoculated with
the pure culture. The slants were incubated and
stored at 37˚C for 24 h.
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2.2. Biochemical characterisation

The biochemical characterisation of the micro-
organisms was carried out by the following methods.
All the micro-organisms were cultured on the pre-
pared medium in duplicates and incubated aerobically
at 37˚C. The colonies were observed on the agar med-
ium plates while the cell morphology was observed
microscopically after staining. Various biochemical
tests were carried out on the bacterial isolates for pos-
sible identification. Seven bacterial organisms were
identified and two of them (B. subtilis and P. fragii)
were used in this investigation. About 1ml of broth
culture of each micro-organism was used for all the
tests.

2.3. Nutrient preparation

The mineral salts (nutrient) medium for the bacte-
rial isolates (micro-organisms) was prepared by pour-
ing 5 l of distilled water into a Pyrex glass bottle of
10 l capacity [40]. Salts to make the nutrient medium
were measured into the glass bottle in the proportions
stated in Table 1. The glass bottle was sterilised in the
autoclave at 121˚C and 1.05 kg cm�3 for 15min.

About 50ml was added to each flask as carbon
source (substrate). Each conical flask was put on the
gyratory shaker maintained at 30˚C and 120 rpm for
32 h. About 20ml of this medium was then withdrawn
from each flask. These flasks were then transferred to
the gyratory shaker again for another 16 h to make a
total of 48 h.

2.4. Experimental procedure

The shake flask experiment was conducted in a
250ml Erlenmeyer flask on a gyratory shaker at 200–
250 rpm (New Brunswick Scientific, model G-25R) at
30˚C. About 200ml of fresh broth from the secondary
culture was added to each marked flask along with
1% v/v of the wastewater was added. Using an inocu-
lating wire loop that has been sterilised by flaming to
redness and cooled by oscillating briefly in the air,
three loopfulls of B. subtilis and P. fragii were streaked
into each of the marked flasks. The flasks were then
placed on the gyratory incubator shaker at 30˚C and
120 rpm for 84 h. Samples were withdrawn every 6 h
from each flask for the analysis of pH, chloride and
total suspended solid and COD.

2.5. Analytical methods

Biomass was evaluated by dry weight measure-
ments. Medium samples (10ml) were washed (NaCl,
0.9% w/v) and centrifuged (Beckman J2HS centrifuge)
three times for n-hexadecane removal. Afterwards, the
samples were filtered though a 0.45mm millipore
membrane and were oven-dried to a constant weight
at 85˚C. Specific growth rate was determined from the
measured biomass concentrations. The abilities of the
micro-organisms to reduce pH of the tannery waste-
water were evaluated. The COD of the wastewater
was determined by titrimetric method. A reflux appa-
ratus consisting of 400ml Erlenmeyer flask with quick
fit ground glass necks fitted with a sizeable Leihbig
condenser was used. The reduction in COD concentra-
tion was recorded at six-hourly time intervals and
reported in terms of mg/l and % COD reduction. The
total suspended solids (TSS) were determined by fil-
tering a well-mixed sample through a 0.2 lm pore size
and 24mm diameter membrane. The membrane filter
was placed in a Gooch crucible, and the residue
retained on the filter was dried in an oven for at least
1 h to a constant weight at 103–105˚C. This was also at
six-hourly intervals. Chloride was determined by the
use of HACH spectrophotometer (DR 2010) at six-
hourly intervals.

3. Results and discussion

3.1. Analysis of the tannery effluent

Table 2 showed the result of the tannery effluent
sample analysis for certain baseline parameters.
Measurement for each parameter was made in dupli-
cate and the average values were determined. The
result showed that the pollution levels for some of the

Table 1
Concentrations of mineral salts for nutrient medium

Material Concentration (g/l)

Mineral salts

KH2PO4 1.6

NaHPO4·2H2O 3.1

NH4NO3 0.5

KNO3 2.0

MgSO4·7H2O 0.1

CaCl2·2H2O 0.02

Trace elements

Boric acid 0.1

ZnSO4·7H2O 0.04

Mo salt 0.02

MnSO4 0.04

CuSO4 0.04

FeSO4·7H2O 0.003
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measured parameters in the effluent were very high
with the exception of temperature and pH. The pat-
tern of the characterisation showed similar trends
with earlier works [5,38].

3.2. Growth pattern of the micro-organisms

Biomass growth of B. subtilis and P. fragii were ini-
tially very slow until after 42 h (Fig. 1). At that period,
the growth of B. subtilis was 0.27mg/l while that of
P. fragii was 0.24mg/l. This was their lag and acceler-
ation phases where they were adjusting and acclima-
tising to their environment. The growths picked up
rapidly (log phase) and continued till when the nutri-
ents were exhausted or probably when the metabolic
products formed inhibited further multiplication. This
was after 60 h for P. fragii when the growth reached
1.99mg/g and 72 h for B. subtilis with a growth of
2.80mg/l. The growths of the micro-organisms slowed
down significantly after these times and were almost
constant with marginal increases to 2.34mg/l and
3.01mg/l, respectively, for P. fragii and B. subtilis.
These growth patterns followed the well-accepted pat-
tern of microbial growth kinetics. The pattern could
be identified as the lag, acceleration, exponential or
log, deceleration and stationary phases.

3.3. Specific growth rates

The specific growth rates of the micro-organisms,
l, were determined by using the relationship

l ¼ 1

X

dX

dT

where l is the specific growth rate (h�1), X is the cell
concentration (g/l) and dX

dT is the change in cell concen-
tration with time.

The specific growth rate for B. subtilis was
0.01378 h�1 while that of P. fragii was 0.01448 h�1. This
is an indication that both micro-organisms were able
to take advantage of the nutrient medium to increase
their growth rate.

3.4. pH of the wastewater

The abilities of the micro-organisms to reduce the
pH of the wastewater are depicted in Fig. 2. The pH
of the effluent was initially in the basic region (8.67).
By the third day of bioremediation, P. fragii was able
to bring the effluent to near-neutral condition of 7.13
with the pH remaining constant for the remaining
period of investigation while B. subtilis brought down
the pH value to 7.2 which was almost similar to that
of P. fragii. Highly alkaline waters, apart from being
corrosive, give bad taste and are undesirable. In addi-
tion, if pH is not within acceptable range will lead to
the loss of more sensitive fish and plant life if such
effluent is discharged. The two micro-organisms there-
fore demonstrated excellent abilities in normalising
the pH of the tannery effluent. These were achieved
by the micro-organisms breaking down the organic

Table 2
Tannery effluent analysis

Parameter Measurement A Measurement B Average SD

Temperature (˚C) 29 24 26.5 3.535534

pH 8.76 9.78 9.27 0.721249

Total solids 3520 3670 3595 106.066

Total dissolved solids 2718 2720 2719 1.414214

Total suspended solids 872 880 876 5.656854

Sulphide 170 175 172.5 3.535534

BOD5 2163 2117 2140 32.52691

COD 4373 4397 4385 16.97056

Chromium 42.3 42.7 42.5 0.282843

Chloride 129.12 125.04 127.08 2.884996

All values except pH and temperature are in mg/l.
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Fig. 1. Biomass growth of B. subtilis and P. fragii.
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constituents of the wastewater into smaller molecules
through the constant supply of oxygen.

3.5. COD reduction

The changes in the concentration of COD due to
the actions of the micro-organisms are shown in
Fig. 3. The COD values obtained at the end of the
investigation by the action of P. fragii on the effluent
was 646mg/l (85.2%) while that of B. subtilis was
541mg/l (87.6%). These percentage reductions are
highly significant although the final values were far
above the acceptable limits for COD discharge. Pro-
longed exposure of the effluent to these micro-organ-
isms above 84 h could produce the expected results.
The positive aspect was that there was a significant
reduction in the COD value and this will reduce the
pollution load of the receiving water body although
the water cannot be used for irrigation as it may
restrict plant growth, especially on poorly drained
soils. This high concentration of COD is an indication
of toxic condition that will cause a reduction of dis-
solved oxygen (DO) levels in water, and will affect
the survival of aquatic organisms with objectionable
water quality.

3.6. Effect on TSS

Fig. 4 showed the abilities of B. subtilis and P. fragii
to bring down the concentration of TSS. The TSS con-
centration reduced from 876mg/l to 73mg/l after
84 h (91.7%) for B. subtilis and from 876mg/l to
98mg/l (88.8%) for P. fragii. Although the percentage
reductions were appreciable, the concentrations
obtained were still higher than the acceptable limits
bearing in mind that extended exposure above 84 h
could achieve the desired results. Waters with high
solids concentration (>500mg/l) often have a laxative
effect on people. Solids such as TSS affect the opera-
tion and sizing of treatment units. High solids will
lead to hindered oxygen transfer, reduced light pene-
tration which will adversely affect the natural aquatic
environment. If these solids should settle on the river
bottom, they will cover flora and fauna and result in
an anaerobic sludge layer.

3.7. Effect on chloride concentration

Fig. 5 showed the changes in chloride concentra-
tion with time using B. subtilis and P. fragii. The chlo-
ride values obtained after 84 h of remediation were
65.4mg/l (48.5%) for B. subtilis and 57.72mg/l (54.6%)
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for P. fragii. This is evident that both micro-organisms
could be used to reduce the concentration of chloride
in wastewater with prolonged exposure. Since a large
amount of salt is used in the tannery industry, effec-
tive removal of chloride from the effluent will be ben-
eficial to the receiving water and will increase the
potential for water reuse and recycling. The maximum
allowable chloride concentration in drinking water
was established for reasons of taste rather than as a
safeguard against physical hazard as no toxic effect of
high chloride concentration in water has been
reported.

4. Conclusions

The effectiveness of B. subtilis and P. fragii in the
bioremediation of tannery wastewater has been evalu-
ated. B. subtilis and P. fragii could be used to normal-
ise the pH as both micro-organisms brought the pH
value within the acceptable limit of 6–9. For the reduc-
tion of chloride concentration, P. fragii was able to
bring the chloride concentration to 57.72mg/l, which
is close to the acceptable limit of 50mg/l whereas
B. subtilis only reduced the concentration to 65.4mg/l,
which was a bit on the higher side. The study clearly
established the possibility of using P. fragii as a suit-
able alternative management strategy for the removal
of chlorides as it is a psychrophilic, gram-negative
bacterium and is responsible for dairy spoilage [41].
P. fragii does not produce siderophores and this
makes it different from other members of the P. genus
[42]. It is placed in the P. chlororaphis group based on
16S rRNA analysis [43]. B. subtilis is a gram-positive,
catalase-positive bacterium and is found in soil [44]. It
is rod-shaped, and has the ability to form a tough,
protective endospore which allows it to tolerate
extreme environmental conditions. It has historically
been classified as an obligate aerobe unlike several
other well-known species but of recent, research has
shown that this is not totally correct [45]. From the
results, it can be said that the bacteria present in the
tannery effluents have significant potential in treat-
ment of leather industrial wastewater.
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