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Abstract: This study investigated the ability of microorganisms in treating complex dyes used in local textile
industries also referred to as cottage industries. Microorganisms used were isolated from soil contaminated with
dye effluent from these industries. The isolates were tested for their decolorization ability on single dyes and
combination of dyes by preparing simulated dye bath. Gas Chromatography-Mass Spectroscopy (GC-MS)
analysis and Brine shrimps cytotoxicity test were carried out using cell free supernatant of the combination of
dyes to determine the degradative ability and the detoxification potential of the isolates. Nine bacteria and eight
fungi were isolated from the contaminated soil sample. The decolorization ability of the isolates on the singles
dyes ranged from 90.11% in Aspergillus fumigatus to 94.95% in Acinetobacter sp. The isolates were able to
decolorize combination of dyes having a range of 12.11%-68.01% with Aspergillus ustus having the highest
decolorization ability. The untreated combination of dyes had a total of sixteen compounds which were totally
broken down into straight chain hydrocarbons. Brine shrimps cytotoxicity test revealed a decrease in the
toxicity of the treated combination of dyes. These findings revealed the ability of microorganisms in
decolorizing, degrading and detoxifying complex dyes used in textile industries.

Key words: Brine shrimps  Cytotoxicity  Decolorization  Simulated dye bath

INTRODUCTION rectum cancers [6]. Another problem associated with dyes

Dyes include a broad spectrum of different chemical as a result of effluent generated by local textile industries
structure, primarily based on substituted aromatic and is one of the problems presently facing Nigeria and
heterocyclic groups such as phenyl, naphthyl and amine several efforts are being vigorously pursued to control it.
(which is a suspected carcinogen) [1]. Dyes are widely Air, soil and water contaminated by effluents from the
used in textile, rubber, enamel, plastic, cosmetic and many industries are associated with heavy disease burden [7]
other industries [2]. About 100,000 commercially available and this could be part of the reason for the current shorter
dyes are known such as acidic, basic, reactive, azo, diazo, life expectancy in the country [8] when compared to the
anthraquinone based meta complex dyes. Nearly one developed nations. Some heavy metals contained in these
million tons of dyes are produced yearly [3], out of the effluents (either in free form in the effluents or adsorbed
total usage, 10% of dyes are released into the in the suspended solids) from the industries have been
environment as dyestuff waste [4]. Various side effects found to be carcinogenic [9], these chemicals are not only
have been observed in the use of various dyes such as poisonous to humans but also toxic to aquatic life [7] and
allergic dermatoses and respiratory diseases which are may result in food contamination [10].
caused by reactive dyes [5], asthma, change in Various treatment options are employed in the
immunoglobulin levels and increased risks of colon and

is that of pollution. For instance, environmental pollution

treatment of textile waste before disposal. These include
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physical, chemical and biological treatment The bacteria isolates obtained were characterized using
methods/techniques. Some physical and chemical various  morphological  and biochemical tests described
treatment  techniques  include  flocculation  combined by Olutiola et al. [17] and  identification was carried out
with  flotation,   electroflotation,  flocculation  with  Fe(II), using Cowan and Steel [18] and Holt et al. [19].
Ca(OH) ; membrane filtration, precipitation, ion exchange, Morphology and microscopic observation of the fungal2

ozonation, adsorption, coagulation combined with isolates were compared with compendium of soil fungi
flocculation, ion pair extraction, ultrasonic mineralization, [20] for the purpose of identification.
electrolysis, chemical reduction, advanced chemical
oxidation and Katox treatment method involving the use Decolorization Study: Simulated dye bath was prepared
of activated carbon and air mixture [11]. Some of these using the dyes singly and in combination to make a stock
methods are effective but quite expensive [12]. Because of solution. Decolorization potential of the isolates on the
the high cost and disposal problems, most of the chemical dye solution was carried out using the modified method
and physical  methods  for  treating dye wastewater are of Sharma et al. [21]. Exactly 50 ml of the minimal salt
not widely applied in the textile industries [13]. medium (MSM) supplemented with 100mg/l of the dye

Biotreatment offers a cheaper and environmentally solution was put into 150ml Erlenmeyer flask and this was
friendly alternative for color removal in textile effluents. inoculated with bacterial and fungal isolates. The MSM
The biological removal processes including microbial was incubated for 7 days when bacterial isolates were
remediation or bioremediation strategies have recently used and 14 days when fungal isolates were used.
proved to be the most efficient treatment system [14,15]. After the incubation period, the medium was
Bioremediation constitutes the use of microorganisms and centrifuged  at  7,000 revolutions/minutes (RPM) at 4°C
their processes for pollution reduction. It is a cost for 15  minutes  using  cold centrifuge (Mikro 220R,
effective process and the  end products are non Hettich Zentrifugen model). The decolorization potential
hazardous [16]. of the isolate was determined by taking the absorbance

This study therefore evaluated the ability of microbial reading of the cell free supernatant using UV/Visible
isolate to decolorize, degrade and detoxify complex dyes Spectrophotometer (UNICO Model 1200).
used in the local textile industry. Decolorization rate was expressed as percentage

MATERIALS AND METHODS

Sample Collection:
Dyes: The dyes used in this study were bought from dye
retailers in Itoku Market,  which is a market for locally
dyed fabrics popularly known as “Kampala”, the market
is situated in Abeokuta, Ogun State in the southwestern
region of Nigeria. Dyes such as army green (mixture of
green and black dyes) and Gambia gold (mixture of brown
and red dyes) bought from this market were manufactured
by Consignee-PJS Products Limited, Changzhou, Jiangsu,
China. The dyes are usually combined to form a complex
mixture of dyes.

Brine Shrimps: Cysts of Artemia salina obtained from
Great Salt Lake, Utah, USA was bought from a vendor
selling aquaculture materials in Lagos State in the
southwestern region of Nigeria.

Isolation and Identification of Microbial Isolates:
Microorganisms were isolated from soil contaminated with
effluent from local textile industry. The media used for the
isolation of the microorganism were nutrient agar, malt
extract  agar  (MEA)  and  potato dextrose agar (PDA).

decolorization and calculated using the formula:

Where A is initial absorbance and B final absorbance.

Degradation Analysis: Microbial treatment was carried
out on the combination of dyes for 7 days when bacterial
isolates were used and 14 days when fungal isolates were
used after which it was centrifuged. The cell free
supernatant was treated with dichloromethane and the
organic layer was used for the degradative analysis. GC-
MS analysis was performed using a QP2010 mass
spectrometer (Shimadzu; Kyoto, Japan) fitted with a GC-
17A gas chromatograph (Shimadzu; Kyoto, Japan). The
ionization voltage was 70 eV. Gas chromatography was
conducted in the temperature-programming mode with a
HP5MS column (30 m by 0.25 mm ID by 0.25 m) (Restek;
Bellefonte, PA). The initial column temperature was held
at  60°C  for  one  minute,  then increased linearly to 250°C
at  10°C/min   and    held   for   five   minutes  at  250°C.
The temperature of the injection port was 250°C and the
GC/MS interface was maintained at 300°C. Injection was
splitless using helium as carrier gas with a flow rate of 1.0
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ml/min. to increase sensitivity. Identification of Figures 1 and 2 shows the percentages of
degradation products was made by comparison of decolorization of the dyes, both singly and in combination
retention time and fragmentation pattern with known (army green and gambia gold) as it is being used in local
reference compounds as well as with mass spectra in the textile industries, by bacteria and fungi isolates
National Institute of Standards and Technology (NIST) respectively. It was observed that both bacteria and fungi
spectral library  stored  in  the  computer  software isolates were able to decolourize the dyes i.e. army green
(version 1.10 beta, Shimadzu) of the GC-MS. (mixture of black and green) and gambia gold (mixture of

Cytotoxicity Test: Cell  free  supernatant of combination combination of the four dyes (mixture of black, green, red
of  dyes was  used  to  conduct cytotoxicity test and brown). When bacteria isolates were used for treating
according to the modified method of Meyers et al. [22] both army green and gambia gold, Acinetobacter sp was
using brine shrimp cysts. The lethality of the untreated observed  to  have  the highest  decolorization  potential
and treated combination of dyes samples was calculated on both dyes with  94.95%  and 93.25% respectively.
from the mean survival of larvae in the samples using When fungi isolates were used for treating army green
Finney’s Computer software to determine the LC of each and gambia gold dyes, an unidentified fungus gave the50

sample highest decolorization potential on army green dye with

RESULTS decolorization potential on gambia gold dye with 90.11%.

A total of nine bacteria and eight fungi were isolated fungi isolates on army green and gambia gold dyes, it was
from soil contaminated with effluent from local textile observed that bacteria isolates achieved higher
industry. Majority of the bacterial isolates were Bacillus decolorization potential than the fungi isolates having
sp while others were Acinetobacter sp (2), 94.95% decolorization on army green dye.
Staphylococcus sp, Streptococcus sp, Klebsiella sp and The highest percentage decolorization for the
Pseudomonas sp. Three of the fungi isolates had a fluffy complex  combination  of dyes using  bacteria  isolates
growth and were not able to sporulate on both Potato was observed in Bacillus cereus with 60.81%, while the
Dextrose Agar (PDA) and Malt Extract Agar (MEA), lowest percentage decolorization for the combination of
hence their identification was not possible with dyes was observed in Klebsiella sp with 12.81%. When
morphological procedures. Other fungal isolates identified the fungi isolates were used for treating the complex
were Aspergillus sp, two of which were A. fumigatus, one combination of dyes the highest decolorization
each of A. flavus, A. terreus and A. ustus. percentage was observed in a sample treated with

red and brown) more than they could decolourize the

90.11% while Aspergillus fumigatus gave the highest

Comparing the decolorization ability of the bacteria and

Aspergillus ustus with 68.01% while the lowest
decolorization was observed in A. flavus with 12.11%. 

Fig. 1: Percentage decolourization of dyes by bacteria isolates
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Fig. 2: Percentage decolourization of dyes by fungi isolate

Table 1: Compounds Present in the Combination of Dyes Before and after Microbial Treatment.

% of compounds present in % of compounds present

% of compounds present the sample treated with in the sample treated with

Peak number Name of compounds in the untreated sample Aspergillus ustus Bacillus cereus Molecular formula Molecular mass

1 1,2,4,5-tetramethyl benzene 1.88 0 2.19 C H 13410 14

2 1-ethyl-3,5-dimethyl benzene 1.6 1.03 0 C H 13410 14

3 1,2,3,4-tetramethyl benzene 0 1.76 0 C H 13410 14

4 Naphthalene 1.68 1.97 1.85 C H 12810 8

5 Isoquinoline 2.21 0 0 C H N 1299 7

6 Eicosane 9.32 13.18 3.59  C H 28220 42

7 Heneicosane 2.64 4.22 0 C H 29621 44

8 Indole 0 0 2.24 C H N 1178 7

9 Tetracosane 5.29 7.74 3.82 C H 33824 50

10 2,6,11-trimethyldodecane 0 5.17 0 C H 21215 32

11 2-methylpentadecane 0 0.86 0 C H 22616 34

12 4-methylpentadecane 0 0.57 0 C H 22616 34

13 Pentadecane 0 1.5 0 C H 21215 32

14 Hexadecane 9.07 1.51 12.4 C H 22616 34

15 Heptadecane 0 14.38 4.08 C H 24017 36

16 1-methyl naphthalene 0 0.28 0 C H 14211 10

17 2,6-dimethylquinoline 0 0 0.66 C H N 15711 11

18 m-tert-butyl-phenol 2.84 0 0 C H O 15010 14

19 2-methyl-naphthalene 0.52 0 0 C H 14211 10

20 2,4-di-tert-butylphenol 35.45 0 0 C H O 20614 22

21 3,5-di-tert-butylphenol 0 0 8.67 C H O 20614 22

22 Octacosane 3.8 4.66 11.08 C H 39528 58

23 1-(3,4-dimethoxyphenyl)-Ethanone 0 5.38 0 C H O 18010 12 3

24 Quinoline 0 0 2.62 C H N 1299 7

25 5-ethyl-m-xylene 0 0 1.43 C H 13410 14

26 Tetradecane 0 3.82 0 C H 19814 30

27 5-butylnonane 0 0 1.87 C H 18413 28

28 Dotriacontane 2.29 5.06 11.17 C H 45032 66

29 4,6-dimethyl dodecane 4.09 7.72 6.79 C H 19814 30

30 Tetratetracontane 8.48 0 9.15 C H 61944 90

31 Nonacosane 0 2.56 2.15 C H 408.7929 60

32 Docosane 0 0 7.14 C H 31022 46

33 diisooctylester-

1,2-benzenedicarboxylic acid 0 5.85 5.03 C H O 39024 38 4

34 Tetrapentacontane 8.84 3.73 0 C H 75854 110

35 2-ethyl-p-xylene 0 0 2.07 C H 13410 14

36 2-hexyl-1-decanol 0 7.51 0 C H O 24216 34
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Table 1 shows the compounds present in For the cytotoxicity test, the higher the LC , the
combination of dyes before and after microbial treatment lower the toxicity of such sample. A. ustus and B. cereus
using Bacillus cereus and Aspergillus ustus as revealed treated samples of the complex combination of dyes had
by GC-MS analysis. The untreated complex combination reduced  toxicity   compared   to  the   untreated  sample.
of dyes had a total of sixteen compounds, some complex A. ustus and B. cereus treated sample had an LC  of
hydrocarbons such as isoquinoline, m-tert-butyl-phenol, 37.1934 and 37.7572 respectively whereas the untreated
2-methyl-naphthalene and 2,4-di-tert-butylphenol were combination of dyes had an LC  of 0.083.
totally broken down into straight chain hydrocarbons
such as pentadecane, hexadecane etc. during microbial DISCUSSION
treatment with Aspergillus ustus and Bacillus cereus.
Treatment of the complex dye sample with Aspergillus There has been an earlier report  on  the upsurge in
ustus resulted in the decrease in the concentration of the  search  for  cost effective and environmentally
some compounds such as 1-ethyl-3,5-dimethyl benzene, friendly alternatives to the conventional methods of
hexadecane, tetrapentacontane. Increase in the treating wastes in the environment [23]. In this study, nine
concentrations of some compound such as Eicosane, bacteria and eight fungi were isolated from soil
Heneicosane,   Tetracosane,   2,6,11-trimethyldodecane, 2- contaminated with effluent from local textile industry.
methylpentadecane, 4-methyl-pentadecane, Pentadecane, Majority of the bacterial isolates belong to the genera
Heptadecane, 1-methyl naphthalene, Octacosane, 1-(3,4- Bacillus.  This  is  similar to  earlier  studies  carried  out
dimethoxyphenyl) -Ethanone, Tetradecane, by  Arun-Prasad  and  Bhaskara-Rao [24] and
Dotriacontane, 4,6-dimethyl dodecane, Nonacosane, Murugalatha et al. [1], in which they isolated Bacillus sp
diisooctylester-1,2-benzenedicarboxylic acid, 2-hexyl-1- from textile effluent and processed food respectively and
decanol majority of which were straight/linear chain used the isolated Bacillus  sp  to treat textile effluent.
hydrocarbons were observed during the treatment of the Also, a previous study by Ademola and Ogunjobi [25]
complex combination of dye sample with Aspergillus revealed the ability of Aspergillus sp to decolourize dyes
ustus. Some new compounds formed during the treatment used in textile industries.
of the complex dyes with Aspergillus ustus include 1,2,3,4- The ability of microbial isolates to achieve a high
tetramethyl benzene, 2,6,11-trimethyldodecane, 2- percentage of decolorization on single dyes has been
methylpentadecane, 4-methylpentadecane, pentadecane, reported in previous studies [26]. The isolates used in this
heptadecane, 1-methyl naphthalene, tetradecane, study were able to  achieve high decolorization
nonacosane etc. percentage (greater than 90%) on the dyes ( i.e. army

Treatment of the complex combination of dye sample green and Gambia gold) as compared to the rate at which
with Bacillus cereus resulted in the decrease in the they decolourized the combination of dyes (less than
concentration of some compounds such as 1-ethyl-3,5- 70%) may be attributed to the complex nature of the
dimethyl benzene, isoquinoline, heneicosane, m-tert- combination of dyes as revealed by the GC-MS analysis.
butyl-phenol, 2-methyl-naphthalene, 2,4-di-tert- A  number  of   microorganisms  have  been  studied
butylphenol, tetrapentacontane majority of which were to unfold their degradative abilities in remediation of
cyclic hydrocarbons. Increase was observed in the pollutant [15]. The result of the GC-MS analysis of the
concentration of some compounds after treating the treated combination of dyes in comparison with the
complex dyes with Bacillus cereus, such compounds untreated combination of dyes revealed the ability of the
include 1,2,4,5-tetramethyl benzene, naphthalene, isolates to degrade the components of the complex dye
hexadecane, octacosane, dotriacontane, 4,6-dimethyl molecules as seen in terms of the reduction or total
dodecane and tetratetracontane, some of which were removal of some compounds especially cyclic / aromatic
linear/straight chain hydrocarbons. Some compounds compounds and the formation of new compounds which
which were absent in the complex combination of dyes are mostly linear or straight chain hydrocarbons.
were observed to be formed in the Bacillus cereus treated Compounds  formed  during  the degradation process
sample, such compounds include: indole, heptadecane, were peculiar for each isolates. This could be as a result
2,6-dimethylquinoline, 3,5-di-tert-butylphenol, quinoline, of differences in their metabolic pathways.
5-ethyl-m-xylene, 5-butylnonane, nonacosane, docosane, Dyes used in textile industries are usually toxic [27].
diisooctylester-1,2-benzenedicarboxylic acid and 2-ethyl- The toxicity study revealed that there was a decrease in
p-xylene, some of these new compounds are also straight the toxicity of the treated sample compared to the
/linear chain hydrocarbons. untreated    sample.    This    result    is  similar   to   those
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obtained   by   Bergsten-Torralba  et   al.   [28]  in  which 9. Tamburlini, G., O.V. Ehrenstein and R. Bertollini, 2002.
P. simplicissimum reduced efficiently the toxicity of a dye
(RB21) from moderately acutely toxic to minor acutely
toxic.

Since the isolate used in this work could achieve a
high level of decolorization of dyes used in local textile
industries  in  Nigeria  and  could degrade and detoxify it,
it can be used in the treatment of effluents from these
cottage  textile  industries  and  thus reduce the pollution
in the environment.

There has not been report on the complete
detoxifictation of dyes by single microbial treatment,
possibility of combining both bacterial and fungal isolate
in a single batch culture could be explored for possible
complete detoxification.
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