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ABSTRACT
The potential inhibitory effect of five azo dyes on ammonia-N oxidation was investigated. Ammonia-N oxidation was
inhibited by the dyes: Mordant Black 17, Durect Red 2, Reactive Red 4, Reactive Yellow 2 and Direct Blue 14 at the

concentrations (0.01mgL"

to 100mgL™) tested. Inhibition of ammonia-N oxidation increased with increasing

concentration of the toxicants. The ECsg values obtained were; 0.208 (Mordant Black 17), 1.813 (Direct Red 2), 7.926
(Reactive Yellow 2), 50.174 (Direct Blue 14) and 332.208 (Reactive Red 4). The results obtained were attributed to
any/or all of the following factors: molecular size, impurities in the toxicants and metallic ions. The potential adverse
ecological impact of the azc dyes on the productivity of ecosystems is discussed.
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INTRODUCTION

Synthetic dyes are extensively used in the textile,
food, cosmetics, pharmaceutical, leather, paper
printing and photographic industries (Chen et al.
1999; Stolz, 2001; Padmavathy et al., 2003).
Synthetic dyes are grouped into -three major
classes (Padmavathy et al., 2003). Estimate of the
dye lost in effluent during the dyeing process
varies between 10-50% (Zollinger, 1987, Easton,
1995; Olligaard et al.,1999; Tan and Field, 2000)
and released into the environment. The discharge
of dye wastewaters into the environment is
currently recognized globally as an environmental
issue (Kim and Shoda, 1999; Moreira et al., 2004).

Azo dyes consist of a diazotised amine
coupled to aromatic amine or phenol and contain
one or more azo bonds (Chen et al., 1999). They
constitute 60-70% of synthetic dyes with the
greatest variety of colours and structures (Carliell
et al, 1995; Chen et al.,,1999; Padmavathy et al.,
2003). This implies their widespread occurrence in
wastewaters fram the various industries. Some
azo dyes and/or the aromatic amines which are
intermediates in the manufacturing process or
intermediate  metabolites  during  microbial
degradation of azo dyes are toxic, carcinogenic
and/or mutagenic to various forms of life (Rafii et
al., 1991; Yonjie-He and Bishop, 1994; Ganesh et

al., 1995; FDA, 2000; Ogugbue and Oranusi .

20053, b).

Toxicity of dyes to microorganisms is an
important consideration in assessing their
environmental impact (Sponza, 2002). The
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nitrifying bacteria (Nitrosomonas and Nitrobacter)
play an important role in the biogeochemical
cycling of nitrogen (Atlas and Bartha, 1997). They
are chemolitotrophs and have been considered
ideal microbial indicators of perturbations caused
by pollutants in natural environments and, hence
their use in toxicity assays (Fuller and Scrow,
1997; Siciliano and Ray, 1991). Nitrosomonas and
Nitrobacter have been used as target organisms
for bioassays (Williamson and Johnson, 1981;
Wang, 1984; Oranusi and Ogugbue, 2002;
Ogugbue and Oranusi, 2005a,b).

There is steady increase in proliferation of
both small scale and large scale dyestuff
industries in Nigeria. These industries release their
wastewaters  without treatment into the
environment. Most dyes pass through the most
advanced technological treatment unaffected
(Stolz, 2001). There is, therefore, the need to
assess the potential toxicity of synthetic dyes
commonly used by the various dye-stuff industries
in Nigeria. This study is part of our on-going
investigation on the potential toxicity of routinely
used azo dyes in Nigeria on nitrifying bacteria.

The objective of this work was to determine
the potential toxicity of five azo dyes on ammonia
oxidation rate by Nitrosomonas. It is hoped that
the data obtained would be of value in
environmental monitoring of dye wastewaters in
Nigeria.

MATERIALS AND METHODS

SOURCE OF ORGANISMS
Surface water samples (20ml) were collected in
duplicate sets of 50ml sterile plastic containers
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from the upstream zone of Aba River located in
Aba, Nigeria. The river receives textile wastewater
from Aba Textile Mill, Aba, Niger Garment Factory
Ltd., Aba and other related industries. Samples
were transported to the faboratory in an ice chest
box and cultured within 3h of collection.

MEDIUM

All chemicals used were of analytical grade. The
Winogradsky medium phase Il contained (gL™):
(NH4)2S04 2g; K:HPO4 1.0; MgSQs. 7H20 0.5q;
NaCl 2g; FeS0.. 7H,0; 0.4g; ZnCl, trace amounts
and deionised water 1,000mi. The pH of medium
was 7.5. Sterilization was by membrane filtration
(0.2um pore size, Acrodisc). Solid medium was
prepared by adding autoclaved agar No.1
(1.5%w/v) to the broth medium.

ISOLATION OF NITROSOMONAS

The isolation procedure was a modification of the
method adapted from Colwell and Zambruskii
(1972). The target microorganisms were first
enriched by inoculating 10m! of water samples into
100mt of broth contained in a triplicate set of
250ml Erlenmeyer flasks. Incubation was at
28+2°C for 4 days in the dark. The culture (10mi)
was then transferred into fresh sterile 100ml broth
in a triplicate set of 2560m! Erlenmeyer flasks and
incubated as above.

Two additional enrichments in broth as
described above were carried out after which,
0.1ml of enriched culture was inoculated onto a
replicate set of agar plates by spread — plate
method. Plates were incubated at 28+2°C and
observed for growth. Discrete mucoid colonies
which developed were picked, purified by repeated
streaking and Gram stained. Isolates which were
Gram-negative rods were picked and presumed to
be Nfrosomonas. Isolates were further identified
by growth in nitrite-free broth. Cultures that were
positive for presence of nitrite after 3 days of
incubation in the dark were tentatively identified as
Nitrosomonas. Stock cultures were prepared on
Winogradsky agar slants and stored at 4 °C.

INOCULUMS DEVELOPMENT AND VIABILITY
TEST

Cells were transferred from stock cultures into
20ml Winogradsky broth and incubated at 28+2°C
with shaking for 48h for maximum biomass yield.
The cells were washed in nitrite-free physiological
saline using a vortex mixer and aliowed to stand
for 1h. The cell sediment was resuspended in
fresh sterile physiological saline and washed. The
washing procedure was done repeatedly until
nitrite-N was undetected thus ensurmg no residual
nitrite-N.
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Cell viability was determined by placing 1ml
inoculum into 20m| sterile ammonium sulphate
solution (0. 05mgL ammonia-N) contained in
duplicate set of 150ml| Erlenmeyer flasks and
incubated as above for 3h. Samples (1ml) of the
culture were tested periodically for presence of
nitrite-N. Cultures which were positive confirmed
the viability of the cells and were used for
bioassay.

Controls consisted of autoclaved cultures. This
was to show that accumulation of nitrite-N in the
experimental flasks was due to metabolic activities
of the cells and not abiotic factors.

TOXICANTS

The following azo dyes — Mordant Black 17, Direct
Red 2, Reactive Red 4, Reactive Yellow 2 and
Direct Blue 14, were used as toxicant (Aldrich
Chemical Co., U.S.A). Fig. 1 shows their chemical
structures.
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FIG. 1: STRUCTURE OF AZO DYES USED,
(Adapted from Aldrich Catalogue, USA)
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TEST SOLUTION

The solution was prepared by dissolving 0.32mg
ammonium sulphate in 970ml deionised water and
dispensed in 97m! amounts into triplicate 250mi
Erienmeyer flasks. Into each triplicate set of flasks
was added the appropriate toxicant concentration
(mgL™): 0.01, 0.1, 1.00, 10 and 100. Controls
consisted of flasks without any toxicants added.
Sterilization was by membrane filtration (0.2pm
size Acrodisc).

AMMONIA OXIDATION ASSAYS

Ammonia oxidation assays were carried out on
each of the triplicate set of Erlenmeyer flasks
containing the toxicants. Each triplicate set of
flasks and controls was inoculated with 3ml of
inoculum (ca. 3.0 x 10° CFU mI") giving a final
volume of 100ml in each flask. Incubation was in
the dark at 28+2°C with shaking.

Samples (1ml) were immediately withdrawn
from each ftriplicate set of flasks for each
concentration at zero time and at 2h intervals for
determinations of nitrite-N accumulation and total
viable count. Nitrite -N was determined by
coupling diazotised sulphanilic acid with N-(1-
naphthyl)-ethylenediamine (NED) dihydrochloride
(Greenberg et al,1985, Okpokwasili and
Odokuma, 1996).

Nitrite-N accumulation was obtained from the
calibration curve of absorbance against various
concentration of nitrite-N. Total viable count was
determined as previously described (Oranusi and
Ogugbue, 2002).

Ammonia oxidation rates were calculated from
the amount of accumulated nitrite~N in samples
taken every 2h for 8h (Brandt et al., 2001). Fifty
percent effective concentration (ECsy) was
estimated from the linear regression of the plot of
ammonia oxidation rate against concentration of
toxicant.

RESULTS AND DISCUSSION

The effect of the five azo dyes on ammonia
oxidation by Nitrosomonas cells are presented in
Figs. 2 - 6. The data obtained show that generally,
there was decrease in ammonia oxidation rate with
increasing concentration of the toxicants. For
example data obtalned on ammonia oxidation rate
(10™ moles cell”* h* ) at various concentrations of
Mordant Biack 17 were as follows: 9.20+0.54
(control); 8.03+0.54 (0. 01mgL") 3.2210.97
(0.10mgL™ ) 3.04+0.21 (1.00mglL™); 227i0 42
(10.00mgL™) and 2.05+0.16 (100mgL ). Similar
trend was obtained for the other toxicants at
various concentrations (Figs. 2 - 6).
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The inhibition of ammonia-N oxidation rate by
the toxicants may be due to the inactivation of the
enzymes (ammonia monooxygehase and/or
hydroxylamine oxidoreductase) which mediate the
oxidation of ammonia to nitrite by competitive
inhibition. The decrease in ammonia oxidation rate
with increasing concentration (Figs. 2 - 6)
suggests competitive inhibition. Bedard and
Knowles (1989) and McCarthy (1999) attributed
the toxicity of various compounds on ammonia
oxidizing bacteria to inhibition of ammonia
monooxygenase enzyme. Similarly, inactivation of
ammonia monooxygenase by acetylene was
proposed to have occurred because the oxidation
of the triple bond of acetylene by the enzyme
would generate a reactive intermediate that would
covalently bind to the active site of the enzyme
(Hyman and Wood, 1985). Ogawa ef al. (1988)
attributed toxicity of azo dyes to intercalation of

dye molecules between DNA strands of bacteria.

Table 1 shows the median -effective
concentration (ECso) of the toxicants. Based on the
ECso values, the dyes were ranked in decreasing
order of toxicity: Mordant Black 17>Direct Red
2>Reactive Yellow 2>Direct Blue 14> Reactive
Red 4.

The varying degree of toxicity exerted by the
toxicants may be attributed to the molecular weight
and/or impurities in the dyes. The lower molecular
weight dyes-Mordant Black 17 (416.39); Direct
Red 2 (724.73) and Reactive Yellow 2 (872.97)
exerted higher toxicity to ammonia oxidation than
the higher molecular weight dyes Direct Blue 14
{995.23) and Reactive Red 4 (995.23).
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TABLE 1 THE MEDIAN EFFECTIVE

CONCENTRATION (8HECs)* OF FIVE AZO
DYES OBTAINED WHEN NITROSOMONAS SP.
WAS EXPOSED TO THE DYES.

Dyes Used ECso (mgL ")
Mordant Black 17 0.208
Direct Red 2 1.813
Reactive Red 4 332.208
Reactive Yellow 2 7.926
Direct Blue 14 50.176

*Values were obtained from the linear regression
plots of dye concentration against % inhibition.

Klassen and Eaton (1991) reported that
increasing molecular weight reduces the transport
of substances across cell membranes. This
partially explains the differences in toxicity of the
dyes based on their molecular weight.

Aromatic amines are precursor intermediates
during the synthesis of azo dyes and remain as
impurities in commercial azo dyes as no dye is
absolutely pure (Chen et al, 1999). In addition,
these amines are metabolic intermediates of
microbial degradation of azo dyes (Chen et al,
1999; Plumb ef al,, 2001; Yoo ef al., 2001). The
quantity of these aromatic amines (as impurities) is
propriety information and their contribution, if any,
to the toxicity of the tested toxicants was not
investigated. Aromatic amines have been reported
to be toxic to fish (Anliker et al, 1988) and to
crustaceans and juvenile fish (ETAD, 1997;
Oranusi et al., 2002; Ogugbue and Oranusi, 2005).
The aromatic amines in these toxicants may have
contributed to the toxic effects of the toxicants.

Moreover, the metallic ion (Ni, Cu, Cr, Fe, Sn)
content of Mordant Black 17 may have contributed
to its higher toxicity compared with the other dyes.
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These metallic ions are complexed in azo dyes
especially the mordant dyes and act as mordant
during the dyeing process. Shlegel (1992) reported
heavy metal (Cu, Ag, Hg, Cr) inhibition on the
activity of various enzymes even at low
concentrations (oligodynamic effect). Heavy
metals have also been shown to cause significant
reduction in nitrification in wastewater facilities (Hu
et al., 2001).

The factors which contribute to the toxic effect
of the toxicants (molecular weight and impurities)
have been considered separately in this study,
however, in reality, they may act in concert to exert
the toxic effect.

This study has shown that the azo dyes tested
inhibited ammonia oxidation rate of Nitrosomonas.
These toxic effects could have serious ecological
consequences on autotrophic' NHs" oxidation in
agricultural soils and aquatic systems and on the
productivity of the ecosystems. Consequent on the
proliferation of textile mills in Nigeria and the large
number of azo dyes currently in use, we are
continuing our study on the potential toxicity of
these and other azo dyes to Nitrosomonas and
Nitrobacter. It is hoped that the data accumulated
will assist in formulating guidelines for discharge of
dye wastewater into the environment.
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