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ABSTRACT

The study was aimed to investigate the quality of soil polluted with dye effluents in
Sokoto. Soil samples were collected from different dying centers in Sokoto in order to
determine microbiological and physicochemical changes of soil using standard procedures.

Keywords

Physico-chemical,
Microbiological, Soil,
Synthetic dye, Effluent
discharge, bacteria viable
count

The results revealed the average count of viable bacteria in sampling sites that range from
(1.05 x 10%fu/g — 1.5 x 10°cfu/g) compared to that in control site (5.1 x 10°cfu/g) while
the fungi were (2.0 x 10* -5 x 10 cfu/g). The results showed that the soil sample contained
different genera of microorganisms which include: Bacillus cereus, Bacilli subtilis,
Clostridium absonum, Clostridium perfringens, Streptococcus pyogenes, Aspergillus
niger, Aspergillus flavus, Alternaria, Sporotrichum, Cladosporium, Curvularia, as well as
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Geotrichum. Similarly, the physicochemical analysis of soil revealed high levels of pH
(11.1-11.5) in all the sampling sites which exceeded the tolerable levels, while
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Temperature (29.5°C) Magnesium (66 — 10 mg/kg), Potassium (339 - 440.7 mg/kg),
Sodium (98.9-259.9 mg/kg), Calcium (120 — 320 mg/kg), Organic matter (0.58 — 1.96%),
Nitrogen (0.05 — 0.09%), and Phosphorus (0.73 — 1.05 mg/ml) Cation exchange capacity
(5.68 — 7.04 cmol/kg) in all the sampling sites. Some these levels fall within the

permissible levels set by the Federal Ministry of Environment while others are not. The
presence of the microorganisms and chemical substances at low levels indicate that there is
no much potential threat pose to the inhabitants of the areas.

Introduction

mention a few are textile, leather, plastic,
cosmetic and food industries which serve as

Synthetic organic compounds such as dye are  major sources of environmental pollution.
widely used in many different industries to  Effluents released from dying industries must
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be treated before being discharged in to the
environment as it composed of complex
mixture of pollutants compound such as
organo chlorine based pesticides, heavy
metals, pigments and dyeswhich are
recalcitrant and toxic to human and animals
(Saraswathy and Balakumar, 2009; Levine et
al., 1991; Hildenbrand et al., 1999; Martins et
al., 2002). Dyes also obstruct light penetration
and oxygen transfer that affects water bodies
(Franciscon et al., 2009). Textile dye effluents
released from different dying centers in
Sokoto composed of chemicals that are
carcinogenic and toxic to both receiving
environment and human, the need for
examining microbiological and
physicochemical quality of soil is important.
Dying chemicals can harm microbial flora in
soil and retard the role they played in the
environment.

Water pollution occurred as a result of
industrial eluent discharged entering into
water bodies. It affect aquatic life and
eutrophication due to accumulation of toxic
substances thereby limiting the amount of
oxygen in thewater and hence its quality. Due
effluents can disturbed the diversity of soil
microbial flora as it contain substance that can
play an important role in the soil (Arminder et
al., 2010). Azo dyes are the most important
synthetic colorants that are widely used in
pharmaceutical, textile and painting industries.
These group of dye composed of polycyclic;
triphenylmethane and anthraquinone
compounds pose toxicity, genocity
mutagenicity and carcinogenicity effect to
human, animals and aquatic life such as fish
and some groups of microorganisms
(Puvaneswari et al., 2006). Azo dye and
Nitrated polycyclic aromatic hydrocarbons are
chemicals that are commonly found in the
environment that cause pollution to ground
water and river in vicinity of dyeing industries
(Riu et al., 1998). In developing countries
environmental degradation as a result of

industrial effluents discharge has become a
real problem. In Nigeria the situation is worse
where little or no treatment is carried out
before discharging the effluent to the
environment (Asia et al., 2009). The present
study aimed at microbiological and
physicochemical assessment of soil receiving
dye effluents in different dying centers in
Sokoto.

Materials and Methods
Study Area

The study was conducted in Sokoto North and
South Local government areas of Sokoto state
Nigeria where the main activities of dying are
taking place. Dying Centers in Sokoto include
among others (Marina Jumu’at Mosque,
Marina Clinic, Marina Dallatu, AnguwaRogo
and Rima Radio) situated in different areas
within Sokoto Metropolis.

Experimental analysis
Sample Collection

Soil samples were collected from dying
Centers in Sokoto. A number of soil samples
contaminated with dye wastewater were
collected using soil sampler and placed in a
sterile polythene bags for the period of four
(4) weeks. Samples were collected in the
morning during the peak of the activities. All
samples were labeled and transported to the
Microbiology  laboratory  Sokoto  State
University for Analysis. Other soil sample
were collected five meters (5m) distant away
from the site where dying activities are taking
placewhich served as control.

Isolation and Characterization of Isolates
Microorganisms

The microbiological analyses of soil sample
were conducted according to the procedure
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describped by Neboh et al, (2013).
Macroscopic observation on the nature of
color, shape, size, elevation and surfaces of
the isolates  were  observed. The
characterizations of isolates were done using
standard procedure described by Cheesbrough
(2006); Oyeleke and Manga (2008).

The Dbacterial isolates were characterized
based on the biochemical reactions. The tests
employed in this study were motility, gas
production, starch hydrolysis Methyl Red,
Vogues Proskauer, catalase, and urease.
Morphological characterization for bacterial
and fungal isolate was carried out through
gram staining, spore stain and lacto phenol
blue stains techniques.

Analysis of Physicochemical Parameters of
Soil

A number of physicochemical parameters of
polluted soil were determined using the
standard method of Udo and Ogunwale (1986)
and that of Association of Analytical Chemist
(AOAC, 1990). The parameters determined
were pH, Temperature, Nitrogen, Phosphorus,
MagnesiumPotassium,  Sodium, Calcium,
Total organic carbon and Cations exchange.

Statistical analysis

Data obtained from the study were analyzing
using SPSS (Version 20) statistical package.
Descriptive statistic through simple graphs,
tables and charts were used for presentation of
data.

Results and Discussion

The result of physicochemical analysis of
polluted soil was presented in Table 1.
Different physicochemical parameters were
determined and their corresponding standard
approved by Federal Ministry of Environment,
Nigeria.

The results of physicochemical analysis
revealed that some parameters analyzed their
values are not within the permissible limits
that environment can tolerate in some
sampling sites; therefore it has negative
impact on the environmental living organism.
The results revealed high levels of pH (11.1-
11.5) which indicates the soil move toward
alkalinity state and it exceeded the permissible
limits of (6-9) as in Table 1. The pH in the
effluent towards the higher value indicating
the alkalinity conditions and thus may have an
adverse effect on the soil permeability and
growth of soil microbial flora. The high pH of
the soil could be due to high concentration of
calcium, magnesium and potassium which are
generally known to be alkaline.

The possible explanation of high alkalinity
could also be linked to increase of
bicarbonates and carbonates from effluents.
This is in conformity with the finding of Asia
et al., (2009) who reported high level of pH
(9.36- 9.44) and Temperature (29.1-31.8°C) in
studies on the pollution potential of
wastewater from textile processing factories in
Kaduna Nigeria. The present result is in
disagreement to that of Arminder et al., (2016)
whose results indicate high pH (8.1 — 9.1) and
fall within the permissible limits. Furthermore
continuous release of carbon dioxide in to the
environment increases pH to alkaline state
(Colowick et al., 1998).

The results of the following parameters fall
within the permissible level which include
temperature (29.5°C), organic matter (0.58 —
1.96), Nitrogen (0.05 — 0.09), Phosphorus
(0.73 — 1.05), Magnesium (66 — 120mg/kg),
potassium (0.92 — 1.33), sodium (98.9 —
259.9mg/kg), Calcium (120 — 320mg/kg) and
Cation exchange (5.68 — 7.04). Similarly,
there is a partial difference to that of control
sample which could not present much harm to
the environment but is indicating pollution at
the site.
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Table.1 Physicochemical parameters of soil contaminated with dye effluent

115
29.5
0.62
0.05
0.77
96.0
358.8
1196
210

11.2 111 113 8.5 6-9.00
295 295 295 295 40.00
1.96 1.74 084 058 NA
0.07 0.09 006 004 NA
0.96 1.05 0.77 073 5.00
1020 1200 780  66.0 200.00
4407 5187 3705 3395 NA
2093 2509 1495 989 NA
290 320 190 120 200.00
6.32 7.04 582 574 NA

C.E.C (Cmol/kg 5.68

Key: SMJ — Soil from Marina Jumu’at Mosque dye, SMC — Soil from Nearest Marina Clinic dye, SMD — Soil from
Marina Dallatu dye, SUR — Soil from UnguwaRogo dye, SRR — Soil from Rima Radio area (control), C.E.C —

Cation exchange capacity, FEM-Federal Ministry of Environment.

Table.2 Total viable count bacteria and fungi isolated from soil contaminated with dye effluent

1.5 X10%+2.0 X10°
5.2X10%+6.7X10°
5.04 X10°+7.0 X10°
5.1 X 10°+6.9 X10°
5.1 X10°+6.8 X 10°

SMJ
SMC

SMD

SUR

SRR (control)

Table.3 Frequency and percentage occurrence of bacteria species isolated from soil
contaminated with dye effluents

Frequency of isolate Percentage (%

Clostridium perfringens
Clostridium absonum

Bacilli subtilis
Streptococcus pyogenes
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Table.4 Frequency of occurrence of Fungi isolated from soil contaminated with dye effluents

Asperigillus flavus
Asperigillus niger
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Frequency of isolate Percentage (%)

11.11
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cfuw/mlx 10°
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SMD SUR SRR (Control)

Sampling sites

Figure 1: Fungal Enumeration from dye contaminated soil
dilution 10-?

This is in disagreement to the finding of
Rabah et al., (2010) which indicate low
concentration of 2.67 mg/g, 5.60 mg/g for
magnesium, phosphorus, potassium and high
concentration of 1960 ppm and 76 ppm for
calcium. The impacts of temperature in water
could influence emissions of both ammonia
and sulfide in the effluents while
volatilization of oil and grease that could be
induced by the same high temperature could
introduce organic compounds into the
environment thereby polluting the air (EPA,
2001).

The result for enumeration of bacteria isolated
is presented in table 2. The average count of
total viable bacteria and standard deviation of
colonies  isolated from textile dye
contaminated soil indicated that the bacteria
had highest count in polluted soil (1.5 X
10°cfu/g) compared to that inof a control soil
(5.1 X 10%fu/g). The high counts of
microorganisms in polluted soil indicate that
soil may contain certain nutrients that favor
the growth of microorganisms which are
lacking in the control site. Despite the

activities taking place at the dying centers
there had been high load of microorganisms
in the site. This could be attributed to the
capability of microorganism to degrade
synthetic dye. Similar results were reported
by Rabah et al., (2010), highest count of
microorganisms in soil contaminated with
abattoir effluent. The finding of Merhi and
Sherphirdhin (2016) is in agreement with the
results obtained.

The soil sample collected from Marina Jum’at
Mosque contains high load of bacterial counts
likewise, fewer counts of microorganisms
were recorded in soil samples obtained from
Marina dying center (Table 2).This could be
possible due high number of dying activities
taking place at the center that lead tothe
release of chemical that might stop metabolic
process of the microorganisms in the
environment. This may barred or delay
natural degradation capacity of pollutants by
the indigenous microorganisms. The total
viable counts of bacteria from textile dye
contaminated soils were found to be similar
with the total viable count of another textile
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effluent study of (Ekramul et al., 2015). The
study is in line with the finding of Orji et al.,
(2006) revealed the soil samples contained a
high density of both bacterial and fungal flora
counts in the range of 8.60 — 8.70 x 10° cfu/g
and 1.70 — 2.0 x 10%fu/g. The finding of
Arminder et al., (2010) is in disagreement
with the present finding of this study who
reported  high  bacterial counts in
uncontaminated soil than that in contaminated
soil. Decrease in bacterial counts in soil could
be attributed to the concentration of
Biological Oxygen Demand in the effluents
(Arminder et al., 2010).

The colonial characterizations of isolates such
as colors, shape, size, elevation and margin
were observed which are used for preliminary
identification. The results showed total of ten
bacterial isolates isolated from parent plates
and range (0.1 — 0.4mm) in diameter. The
isolated bacteria were further identified by
conventional biochemical techniques as
described in  Bergey’s Manual of
Determinative Bacteriology. The isolates
identified were Gram-positive rods which are
Clostridium absonum, Clostridium
perfringens,  Bacillus cereus, Bacillus
subtilisand cocci, as Streptococcus pyogenes.
The fungal isolates were identified based on
the colour of aerial hyphae, substrate
mycelium and arrangement of hyphae,
conidial arrangement as well as morphology.
The species are Aspergillus niger, Aspergillus
flavus, Alternaria, Sprotrichum,
Cladosporium, Curvularia, Geotrichum.

The results of isolates and their respective
frequencies and percentages are in Table (4).
Clostridium absornum is the bacterial specie
identified in this study with highest frequency
and percentages of 4(40%) followed by C.
perfringens and B. Cereus each had 2(20%)
and S. pyogenes, B. subtilis had 1(10%) each.
The presence and abundance of various
species of Bacillus observed in the

contaminated soil may not be surprising as
these organisms are indigenous to soil
environment and are known to persist in such
environment (Atlas and Bartha, 2007).
Sporotrichum was the fungal identified in this
study with highest frequency and percentage
of 4 and 44.44% followed by Aspergillus
niger, Altenaria A flavus each had
1(11.1%).This is in agreements with the
finding of Ogbonna and Igbenijie (2006) who
reported high occurrence of Proteus sp,
Streptococcus sp, Escherichia coli, Fusarium
sp, and Aspergillus niger among others in
soils of waste collection sites in Port Harcourt
city in Rivers State of Nigeria.

The organisms isolated from dye
contaminated soil are capable of degrading
organic and inorganic compounds in the dye.
Despite the toxic and recalcitrant compound
in the dye microorganisms continue surviving
by strivings the environmental conditions. In
similar study genus Bacilli have been reported
to possess decolorization capacity. Merlin et
al., (2016) reported that Bacillus subtilis, B.
cereus had capability to decolorize dye.

Also most of the bacterial isolates are
predominant to soil environment with the
exception of Streptococcus pyogenes which is
the clinical isolates. This may be as a result of
dump and other contaminants presents in the
study areas. Osoro (2002) and Orji et al.,
(2006) reported bacteria belong to the genus
Bacillus, Klebsiella, Pseudomanas and fungi
belong to the genus Aspergillus, Penicillium,
Aspergillus, and Mucor were predominant in
soil contaminated with palm oil effluent.
Similar organisms were isolated by Merlin
and Sharphudhin (2016) from dye industry
effluents isolated such as Bacillus cereus,
Bacillus subtilis, Escherichia coli,
Staphylococcus aureus these bacterial strains
have capability to “degradetextile dye effluent
as well as to decolorize the dye efficiently in
textile effluent.
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The study revealed that there are high load of
varieties of microorganisms in the dye
contaminated soil which indicate their ability
to decolorize and degrade the dye. Majority of
the organisms are indigenous to soil, spore
formers and some are pathogenic organisms.
It also revealed that there is partial difference
between the counts of microorganisms in
contaminated soil to that of uncontaminated
soil. The results of physicochemical
parameters indicate that most of the parameter
their values fall within the permissible limit
that the soil microorganisms can toleratewith
few exception.
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