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Abstract:Ecotoxicity strength of different granular domestic detergents on
Enterobacter aerogenes and Pseudomonas fluorescens was evaluated to assess the
response of the test organisms to different brands of domestic detergents. Standard
toxicity procedures were applied using four brands of granular domestic detergents:
Klin, Omo, Bonux and Ariel prepared at concentrations of 10ppm, 100ppm, 1000ppm,
10000ppm and 100000ppm; the test was carried out for Oh, 4h, 8h, 12h, and 24h for
each detergent.The degree of resistance of the test organisms to the toxicants revealed
Enterobacter aerogenes (4857+1685ppm) was more resistant to the domestic detergents
than Pseudomonas fluorescens (117+28ppm). Mean Median lethal concentration (LCsy)
showed that Klin was most toxic and Bonux was least toxic with toxic flow pattern
(noting that the lower the LCs, the more toxic the toxicant) as:Klin (1354ppm) > Omo
(2389ppm) > Ariel (2887.47ppm) > Bonux (3316.84ppm).Results of response of
individual test organism to the different brands of detergents showed that Pseudomonas
fluorescens was most sensitive to Bonux and least sensitive to Ariel - Bonux
(94.86ppm) > Klin (104.66ppm) > Omo (109.68ppm) > Ariel (157.40ppm))while
Enterobacter aerogenes was most sensitive to Klin and least sensitive to Bonux - Klin
(2603.34ppm)> Omo (4668.68ppm) > Ariel (5617.54ppm) > Bonux (6538.82ppm).
This showed that test bacteria responded differently to the toxic effect of the domestic
detergents in the same aquatic environment. In mixed consortium, domestic detergent
Klin had the highest toxic strength (mean LCs, 1354ppm); Pseudomonas fluorescens
was more sensitive to all the test domestic detergents than Enterobacter aerogenes.
Keywords: Toxicity, strength, detergents, aquatic, microflora.

INTRODUCTION

industrial and domestic premises like soaps and

The discharge of waste containing domestic
and industrial detergents into the ecosystem may affect
the microbiota of the receiving environment [1].
Detergents can have poisonous effects in all types of
aquatic life if they are present in sufficient quantities,
and this includes the biodegradable detergents. All
detergents destroy the external mucus layer of fishes
and can cause severe damage to gills. Most fish will die
when detergents concentrations approach 15 parts per
million (15ppm). Detergents concentration as low as
S5ppm will kill fish eggs. Surfactant detergents are
implicated in increasing the breeding ability of aquatic
organisms. Detergents also add another problem to
aquatic life by lowering the surface tension of the water.
Organic pesticides such as pesticides and phenols are
then much more easily absorbed by the fish. A
detergent concentration of only 2ppm can cause fish to
absorb double the amount of chemicals they would
normally absorb, although that concentration alone is
not enough to affect fish directly. Phosphates in
detergents can lead to freshwater algal blooms that
release toxins and decrease oxygen in waterways. When
the algae decompose, they use up the oxygen available
for life. Detergents are very widely used in both

detergents to wash vehicles. The major entry point into
water is via sewage works. They are also used in
pesticide formulations for dispersing oil spills at sea.
The degradation of alkylphenol polyethoxylates (hon-
ionic) can lead to the formulation of alkyl (particularly
nonylphenols), which act as endocrine disruptors [2].

Bacteria are easy to standardize for toxicity in
comparism to many eucaroytic organism [3]. The
greatest impact seems to be on the aquatic environment
in that our natural surface waters, ponds, streams,
rivers, estuaries, lagoons, lakes, seas and oceans with
inherent aquatic lives are rather “waste sinks” directly
or indirectly for most Nigerian’s chemical, food,
agricultural and petroleum based industries [4].

This study is designed to evaluate the effect of
granular domestic detergents on the environment via
aquatic degradative microflora which are simple and
fast bioassay for monitoring ecosystem response to
these pollutants; moreover, its eco-systemic influence in
Niger Delta.
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MATERIALS AND METHODS
Sample collection

Water samples were collected in 2L sterile
plastic containers from Azuabie River near Port
Harcourt Zoo in Port Harcourt Local Government Area
in Rivers State, Nigeria. The river spans from
Rumuogba via Woji, Azuabie down to Marine Base,
Port Harcourt. The river does not only receive facial
matters (as the coastal dwellers traditionally defecate
into the water body), but other industrial chemicals,
solids and domestic detergent effluents discharged from
industries, landry and domestic activities.

Detergents used for toxicity test

Domestic detergents used in the study were
purchased from oil mill market in Port Harcourt city,
Rivers State, Nigeria. Toxicants and their sources were
Klin (Eko Supreme Resources Nigeria Ltd., Ogun,
Nigeria), Bonux (Proter & Gamble Nig. Ltd., Ibadan,
Nigeria), Omo (Unilever Nig. Ltd., Aba, Nigeria), Ariel
(Procter & Gamble Nig. Ltd., Ibadan, Nigeria) Each of
the toxicant (domestic detergents) were prepared at
100000ppm, 10000ppm, 1000ppm, 100ppm, 10ppm
concentrations using 0.5 dilution factor.

Isolation of Test Organisms

Pseudomonasfluorescens was isolated using
two stage method: (i) Two milliliters (2ml) of
Pseudomonas broth ampoules (Hach, USA-Cat. No.
28122-50) was clipped open and poured onto absorbent
pad and placed on sterile Petri-dishes and allowed to
adhere. After membrane filtration of the sample, the
membrane filter was aseptically collected and placed
onto the prepared Pseudomonas broth pad plate and
incubated at 30°C for 24h. Only Pseudomonas sp. grew
on this medium. (ii) Furthermore, Morphological and
biochemical identification were used for isolation of the
species: Pseudomonasfluorescens. Identification to the
generic/species level followed the scheme of APHA [5].

Enterobacter aerogenes was isolated using M-
Endo agar plates (Hach,USA-Cat. N0.28116-15). After
membrane filtration of the sample, the membrane filter
was aseptically collected from the Millipore filtration
unit by sterilized forcep and carefully placed onto the
M-Endo agar plates (Hach,USA-Cat. No. 28116-15).
This was incubated at 35+0.5°C for growth of colonies.
Suspected colony was subcultured onto fresh sterile M-
Endo agar plates and wused for biochemical
characterization tests. ldentification of isolates was
based on their cultural/morphology, microscopic
examination, carbohydrate fermentation and other
biochemical tests. References were made to Bergey’s
Manuel of Determinative Bacteriology [6], 8" edition,
for the identification of bacteria.

Physicochemistry of Diluent (habitat water)
Hydrogen ion concentration (pH), temperature,

conductivity, and dissolved oxygen of the habitat water

were determined electrometrically with a multi-

parameter data logger (Hanna model H1991300). The
meter was calibrated prior to use with 0.01N and 0.1N
standard potassium chloride solutions (according to the
manufacturer’s specifications), and buffer standards
(obtained from Accu standards) of pH 4, 7 and 10 at
room temperature. Alkalinity was determined in
accordance with ASTM D 1067B. Total Dissolved
Solids (TDS) was determined electrometrically while
Total Suspended Solids (TSS) was determined with a
membrane filter apparatus in accordance with APHA
2540D. Chloride, Nitrite, Nitrate and Ammonia were
determined by HACH, lab. Instrument [7]. Iron, Copper
and Lead were determined using Atomic Absorption
Spectrophotometer (AAS).

Preparation of Standard Bacterial Inoculum and its
application [8]

Tenfold serial dilution of the test organisms
was made and aliquot (0.1ml) was inoculated onto M-
Endo agar plates (Hach, USA-Cat. No. 28116-15) for
Enterobacteraerogenes and Pseudomonas broth pad
plates (Hach, USA-Cat. No. 28116-15) for
Pseudomonas fluorescens in triplicates using spread
plate technique. The plates were incubated for 24 hours.
After incubation, the plates were examined for discrete
colonies. The dilution that gave between 200 and 300
colonies was noted and used as reference dilution to
obtain the standard inoculum for the toxicity bioassay.
The standard inoculum was obtained by inoculating
discrete colony of the organisms in to sterile nutrient
broth and incubated at about 30 - 35°C for 18 — 24
hours; the concentrations of the bacteria in broth, after
plating out of the broth culture on to the surface of
differential media: M-Endo agar plates (Hach,USA-Cat.
No. 28116-15) for Enterobacteraerogenes and
Pseudomonas broth pad plates (Hach,USA-Cat. No.
28116-15) for Pseudomonas fluorescens, were 10°
organisms per millimeter.

Toxicity Test Procedure

Five milliliter (5ml) broth culture of each test
organism (Enterobacteraerogenes and Pseudomonas
fluorescens) was added to 45ml of the toxicant
concentrations (10ppm, 100ppm, 1000ppm, 10000ppm
and 100000ppm; that is 10% broth culture of test
organism and 90%of each detergent concentration), and
spread plated out immediately after inoculation on to
M-Endo agar plates for Enterobacteraerogenes and
Pseudomonas broth pad plates for Pseudomonas
fluorescens; this is the zero hour testing. After which
incubation was carried out at 35+0.5°Cfor
Enterobacteraerogenes and 30°C for Pseudomonas
fluorescens for 24h. Aliquot (0.1ml) of each
concentration of the domestic detergents was then
plated out in duplicates after 4h, 8h, 12 and 24h on the
appropriate agar plates and counted after incubation.
The mean colony count of each test organism was taken
and expressed in colony forming unit per millimeter
(CFU ML),
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Percentage (%) Log Survival Evaluation of the
Organism

The percentage log survival of the bacterial
isolates (Enterobacteraerogenes and Pseudomonas
fluorescens) in the different concentrations of the
toxicants used in this study was calculated using the

formular adopted from Williamson and Johnson [9],
Obire and Nrior [10]. This was analyzed by obtaining
the log of the counts in each toxicant concentration,
divided by the counts in the zero toxicant concentration
and multiplying by 100.

Thus, % log survival = Log C x 100

Percent log survival was plotted against
toxicant concentration; control test (without toxicants)
was also used.

Median Lethal Concentration (LCsy) of the test
bacteria

The Median Lethal Concentration (LCsg) was
computed from mean % log mortality and sum of dose
difference using standard statistical analysis using the
formula below:

LCso= LC1g0 — Sum of Dose diff. X Mean % log Mortality

% Control

Statistical ~ Analysis  and Median Lethal
Concentration (LCs)

Results obtained from toxicity screening were
subjected to statistical analysis using Analysis of
Variance (ANOVA) and Student t-test, at 0.005
confidence limit, to determine the significant difference
(P<0.005) between the susceptibility of the Mucor
racemosus to the test toxicants (Powdered and liquid
detergents). The median lethal concentrations were
calculated using regression analysis.

RESULTS AND DISCUSSION

The pH (7.04) of the effluent observed in the
study was within the permissible limit (6-9) required by
FEPA. The temperature (30°C) also is within the
permissible limit (30-40°C) required by FEPA. Thus,
the effect observed in this study could not be attributed
to any of the above parameters. The near neutral pH
may offer buffering capacity to the brackish water,
which could reduce the toxicity effects that could be
caused by metallic components of the brackish water.
Ammonia concentration (0.8mg/l) of the brackish water
sample used in this study far exceeded the maximum
allowable limits (0.2mg/l) for effluent [11]. The
ammonia concentration in the effluent was within the
range causing acute and chronic lethal effect in aquatic
organisms [12, 13]. Nrior and Odokuma [3], suggested
that high ammonia concentration might be one of the
major contributors of the effects they observed in fish,
but were unable to correlate changes in ammonia levels

with changes in toxicity, when solutions were replaced
in tests. Ammonia is highly toxic; penetrates cells very
rapidly and causes osmotic lysis of cells resulting in
death. It is very toxic to both bacteria and fish [14, 10].
This could probably contribute to the case of the lethal
effect observed in the test bacteria: Enterobacter
species and Pseudomonas species [15, 16].

Sulphide concentration observed in the effluent
used for this study exceeded the maximum allowable
limits (0.2mg/l) for brackish water [11]. Sulphide is
soluble, highly poisonous, with characteristic odour of
rotten egg. Fish avoids sulphide. It is toxic to eggs, fry
and adult fish and invertebrates; 1mg/L sulphide causes
100 percent mortality in 72hrs to Salmon [14]. Sulphide
could probably have contributed to the lethal effect in
the bacterium (Enterobacter aerogenes) used in this
study.

The results revealed that the test bacteria:
Enterobacter aerogenes and Pseudomonas fluorescens
demonstrated sensitivity to the toxicity of the granular
domestic detergents evident in the decreasing
percentage log survival with increase concentration of
the toxicant (Fig 1-4). Toxicity of the Domestic
detergents to the test bacteria may be due to the
inhibition of the respiratory process in the organisms
[17]. This process occurs in the cell membrane of the
organisms and is important in survival of the bacterial
cell.
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Fig-1: Lethal toxicity of domestic detergent Bonux on Enterobacter aerogenes and Pseudomonas fluorescens
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Fig-2: Lethal toxicity of domestic detergent Klin on Enterobacter aerogenes and Pseudomonas fluorescens
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Fig-3: Lethal toxicity of domestic detergent Omo on Enterobacter aerogenes and Pseudomonas fluorescens
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Fig-4: Lethal toxicity of domestic detergent Ariel on Enterobacter aerogenes and Pseudomonas fluorescens

Toxic chemicals present in the brackish water
could come in contact with the respiratory enzymes
present in the cell membrane of the organisms, thus
interfering with the process.In general, the domestic
detergents are toxic to the bacterial isolates used as text
organisms in this study. It is interesting to note that not
all species, even physiologically similar group of micro-
organisms, are similarly influenced by the presence of a
given pollutant in their environment. It was found
among the saprophytic bacteria that many strains are
resistant and others are sensitive to cadmium [18, 19.
The nature of the interaction between effluent and
microorganisms is complex due to various reactions
taking place during a prolonged or previous exposure.
Previous authors reported that after an initial period in
which the toxic effects of the effluent on brackish water
was evident, the microorganisms acquired some
tolerance mechanisms which enabled them to repair the
damaged part, and to start metabolizing and growing
again at a normal rate. This “tolerance” mechanism
could be tied up with a simple adaptation of cells to the
presence of the toxic chemicals in their brackish water
environment [3]. In a more complicated case, mutation
could be suspected as was proved by Zelibor et al., [20].

The sensitivity of individual organism to the
different brands of detergents showed great variations;
toxic level decreased in the following order: (noting that
the lower the LCs,, the more toxic the domestic
detergents: Pseudomonas  fluorescens: Bonux
(94.86ppm) > Klin (104.66ppm) > Omo (109.68ppm) >
Ariel (157.40ppm); and Enterobacter aerogenes: Klin
(2603.34ppm)> Omo  (4668.68ppm) >  Ariel
(5617.54ppm) > Bonux (6538.82ppm) (Fig-5).
Pseudomonasfluorescens was most sensitive to Bonux
and least sensitive to Ariel while
Enterobacteraerogenes was most sensitive to Klin and
least sensitive to Bonux. Comparing the response of the
two bacteria to the different brands of detergents,
Pseudomonasspecies was more sensitive to the
detergents than Enterobacterspecies which was less
sensitive. This showed that different organisms react
differently to a particular toxicant in the same aquatic
environment. This could be attributed to their genetic
constitution as well as inherent changes in the natural
ecosystem.
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Fig-5: Median Lethal Concentration (LCso - ppm) of Granular domestic detergents to Enterobacter aerogenes and
Pseudomonas fluorescens
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Results of mean Median Lethal Concentration
(mean LCsg) of the toxicants showed granular domestic
detergent Klin to be most toxic. The toxic flow pattern
is as follows: Klin (1354ppm) > Omo (2389ppm) >
Avriel (2887.47ppm) > Bonux (3316.84ppm) (Fig-6).
This was evident in far above hundred percentage log

survival of these organisms even with increase in the
concentration of the detergents (Fig 2-4). Previous
researchers have reported that the above groups of
bacteria have the ability to degrade crude oil and their
refined products for their metabolism [21].
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Fig-6: Mean Median Lethal Concentration (mean LCs,- ppm) of Granular Domestic detergents to Enterobacter

aerogenes and Pseudomonas fluorescens
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Fig-7: Degree of Resistance (ppm) of Enterobacter aerogenes and Pseudomonas fluorescens to Granular domestic
detergents.

The difference in response of these bacteria to
the different brands of domestic detergents could be due
to differences in their genetic make-up [22], prolonged
or previous exposure to the detergent effluent [16], and
mutation [23] as well as relative utilization of the
detergent effluent for metabolism [24, 21, 25].

CONCLUSION

The degree of resistance of the test organisms
to the toxicants revealed that Enterobacteraerogenes
(4857+£1685ppm) was more resistant (being less
sensitive) to the domestic detergents than
Pseudomonasfluorescens (117+28ppm). Mean Median
lethal concentration (LCsy) showed that granular
domestic Klin was most toxic on the test bacteria. With
respect to response of individual test organism;
Pseudomonasfluorescens was most sensitive to Bonux
while Enterobacteraerogenes was most sensitive to
Kiin. This showed that the different bacteria responded
differently to the toxicant in the same aquatic

environment. In mixed consortium, domestic detergent
Klin had the highest toxic strength (mean LCx
1354ppm). Pseudomonasfluorescens was more sensitive
to all the test domestic detergents than
Enterobacteraerogenes.  Concentrations of some
physicochemical parameters influenced changes in the
inherent properties of the brackish water which in turn
contributed to the toxicity of the test organisms.

REFERENCES

1. Okpokwasili, G. C., & Odokuma, L. O. (1997).
Response of Nitrobacter to toxicity of oilfield
dispersants and domestic detergents. Tropical
Freshwater Biology, 6(1), 65-74.

2. Lenntech. (2008). Toxicity of chemicals to aquatic

species. Lenntech Water Treatment and Air
Purification, Holding B. V. J. Aguatic
Rotterdamseweg 402 M, 2629 HH Delft, The
Netherlands.

Auvailable online: http://scholarsmepub.com/sjpm/

274


http://scholarsmepub.com/sjpm/

S. A. Wemedo& R. R. Nrior., Saudi J. Pathol. Microbiol., Vol-3, I1ss-9(Sept, 2018):269-275

3.

10.

11.

12.

13.

14.

Nrior, R. R.,, & Odokuma, L. O. (2015).
Comparative toxicity of drilling fluids to marine
water shrimp (Mysidoposis bahia) and brackish
water shrimp (Palaemonetes africanus). IOSR
Journal of Environmental Science, Toxicology and
Food Technology, 9(7), 73-79.

Nigeria Environmental Study Action Team. (1991).
Nigeria’s threatened environment: A nottems
profile: 84-88. A NEST Publication, Ibadan,
Nigeria.

ALPHA. (1992). STANDARD Methods for the
Examination of Water and Wastewater, 18" ed.
Washington DC. American Publish Health
Association, American Water Works Association,
Water Pollution Control Federation. Washington,
DC.

Buchanaan, R. E., & Gibbons, N. E. (1984). Bergey
s Manual of De terminative Bacteriology.

HACH. (2008). Hach company laboratory
equipment, Hach Company, Loveland, Cororado,
80539.

APhA, A. W. W. A. (1998). WEF (American
Public Health Association, American Water Works
Association, and Water Environment Federation).
1998. Standard methods for the examination of
water and wastewater, 19.

Williamson, K. J., & Johnson, D. G. (1981). A
bacterial bioassay for assessment of wastewater
toxicity. Water Research, 15(3), 383-390.

Obire, O., & Nrior, R. R. (2014). Effect of
concentrate detergent on Pseudomomas aerogenes
and Mucor racemosus. J: International Society of
Comparative Education. Science and Technology,
Yenagoa, Bayelsa, Nigeria, 1, 189-199.

Nigeria. Federal Environmental Protection Agency.
(2000). Guidelines and standards for
environmental pollution control in Nigeria. Federal
Environmental Protection Agency (FEPA).

Weis, P., Weis, J. S., & Greenberg, A. (1989).
Treated municipal wastewaters: effects on
development and growth of fishes. Marine
environmental research, 28(1-4), 527-532.

Leton, T. G., & Omotosho, O. (2004). Landfill
operations in the Niger delta region of
Nigeria. Engineering Geology, 73(1-2), 171-177.
Odiette, W. O. (1999). Environmental Physiology
of Animal Pollution. 1* ed. Department of Zoology,
Marine Biology and Fisheries, University of Lagos,
Akoka, Lagos.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Wang, Z. (1984). Fast algorithms for the discrete
W transform and for the discrete Fourier
transform. IEEE ~ Transactions on  Acoustics,
Speech, and Signal Processing, 32(4), 803-816.
Nrior R. R.,& Obire O. (2015). Toxicity of
domestic washing bleach (Calcium hypochloride)
and detergents on Escherichia coli. Journal of
International Society of Comparative Education,
Science and Technology, 2(1):124-135.

Stanier, R.U., Adelberg, E. A., & Ingraham J. L.
(1982). General Microbiology. Macmillan, New
York, N.Y 4th edition.

Houba, C., & Remacle, J. (1980). Composition of
the saprophytic bacterial communities in freshwater
systems contaminated by heavy metals. Microbial
ecology, 6(1), 55-69.

Nrior, R. R., & Gboto, B. (2017). Comparative
toxicity of spent mobile phone batteries (Samsung
and Tecno) on Nitrobacter sp. IOSR Journal of
Environmental Science, Toxicology and Food
Technology (IOSR-JESTFT), 11(8), 37-44.

Zelibor Jr, J. L., Tamplin, M., & Colwell, R. R.
(1987). A method for measuring bacterial
resistance to metals employing epifluorescent

microscopy. Journal of microbiological
methods, 7(2-3), 143-155.
Weslake-Hill, 1. (1987). Solar-powered vehicle

body design (the Sunrider project). Journal of the
Institute of Energy, 60, 42-5.

Deyo, R. A., Diehr, P., & Patrick, D. L. (1991).
Reproducibility and responsiveness of health status
measures  statistics  and  strategies  for
evaluation. Controlled clinical trials, 12(4), S142-
S158.

Zelibor, J. (1982). Microbial Origin of Aquatic
Humic Substances. In Abstracts of Papers Of The
American Chemical Society (Vol. 184, No. SEP,
pp. 17-GEOC). 1155 16TH ST, NW,
WASHINGTON, DC 20036: AMER CHEMICAL
SOC.

Atlas, R. M., & Bartha, R. (1972). Degradation and
mineralization of petroleum in sea water: limitation
by nitrogen and phosphorous. Biotechnology and
Bioengineering, 14(3), 309-318.

Wemedo, S. A. and Nrior, R. R. (2017). Response
of Mucor racemosus to toxicity of domestic
detergents. Journal of Emerging Trends in
Engineering and Applied Sciences (JETEAS)
8(2):85-91.

Auvailable online: http://scholarsmepub.com/sjpm/

275


http://scholarsmepub.com/sjpm/

