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Abstract  

Toxicity is a measure of the degree to which something is toxic; it deals with the effect of chemical substances 

on organisms. The problem of contamination of aquatic environment with various brands of detergents by 

individuals and industries has since been in practice, as such the role of microbes in food chain and as agents of 

degradation of substances in the aquatic ecosystems could be hampered. This study therefore was designed to 

assess the potential effect of powdered and liquid domestic detergents (Bonux, Klin, Omo, Ariel, Snow Clin and 

Morning Fresh) on an aquatic fungus, Mucor racemosus. The test organism was isolated using a differential 

medium: Fungal pour Rite
TM

 Ampoules, and identified macroscopically and microscopically. Percent Log 

Survival Test and Median Lethal Concentration Test of the organism were carried out with concentrations: 10, 

100, 1000, 10000, 100000mg l
-1

 of the toxicant (domestic detergent) for 0, 4, 8, 12 and 24h, and the LC50 

calculated. Percent log survival decreased with increasing concentration and exposure period of the toxicants. At 

100000mg l
-1

 toxicant concentration, mortality rate of Mucor racemosus observed were: 100% for Klin, Omo, 

and Bonux at 0-24h while Ariel, Snow Clin and Morning Fresh showed 100% mortality at 4-24h exposure 

period. However, there is significant growth increase up to 202% log survival at 10mg l
-1

 concentration. The 

study showed that Klin had the highest toxicity strength (LC50 = 573.22ppm) while mourning fresh had the least 

toxicity strength (LC50 = 4993.72ppm). The results showed that increase in the concentration of domestic 

detergents killed the fungus, which could in turn inhibit the degradation capability of Mucor racemosus, and 

alter degradation process in the aquatic ecosystem. This could also lead to decreased ability of the affected 

ecosystem to support aquatic life. In conclusion, the study revealed that detergents had depressive effect on the 

aquatic fungus and that the practice of using detergents to wash household clothing and industrial materials in 

surface waters could cause ecotoxicological problems. 

__________________________________________________________________________________________ 
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INTRODUCTION 

Toxicity is a relative property of a chemical, which 

refers to its potential to have deleterious effects on 

living organisms. Toxicity tests are used to evaluate 

the concentrations of chemical agents and the duration 

of exposure required to produce the criterion effect. 

Apparently, aquatic toxicity tests are important in 

detecting and evaluating the potential toxicological 

effects of chemicals on aquatic organisms. Hence, 

toxicity test become desirable in chemical quality 

evaluation as a consequence of the ability of the 

physical and chemical tests alone to sufficiently 

access the potential effect on aquatic biota. More so, 

chemicals which by themselves would have been 

harmless may cause deleterious effects by interacting 

in the general milieu of contaminated water (Nrior 

and Odokuma, 2015).  

 

Detergents are organic compounds, which have both 

polar and non-polar characteristics. They tend to exist 

at phase boundaries, where they are associated with 

both polar and non-polar media. Detergents are of 

three types: anionic, cationic and non-ionic. There are 

two types of detergents with different characteristics: 

phosphate detergents and surfactant detergents. 

Detergents that contain phosphate are highly caustic, 

and surfactant detergents are very toxic. Detergents, 

including biodegradable detergents, can have 

poisonous effects in all types of aquatic life if they are 

present in sufficient quantities (Lenntech 2008). 

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 industrial and domestic premises 

like soaps and 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 (non-ionic) can lead to the formation 

of alkyl (particularly non-alkylphenols), which act as 

endocrine disruptors (Lenntech 2008).   

 

All detergents destroy the external mucus layer of 

fishes and can cause severe damage to gills. Most 

fishes will die when detergents concentrations 

approach 15ppm. Detergents concentration as low as 

5ppm, will damage fish eggs. Surfactant detergents 

are implicated in increasing the breeding ability of 

aquatic organisms. Previous workers reported that 

chlorine as low as 10ppm caused up to 95% mortality 

of certain microorganisms in four (4) hour of 
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exposure (Obire and Nrior, 2014).  Detergents also 

add another problem to aquatic life by lowering the 

surface tension of the water. Organic pesticides such 

as phenols are 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 (Lenntech, 

2008). 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.  

 

Bacteria are particularly important because of their 

unique role in the trophic dynamics in aquatic and 

terrestrial ecosystems. Bacteria are easy to standardize 

for toxicity in comparison to many eukaryotic 

organisms (Bauda and Block, 1985). They provide a 

source of enriched particulate organic carbon by 

utilization of both dissolved and particulate organic 

carbon (De la Cruz, 1978). 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 links” directly or indirectly for 

most Nigeria’s chemical, food, agricultural and 

petroleum based industries (NEST, 1991).   

  
The value of bioassays for detecting and evaluating 

the toxicity of chemicals and industrial wastes in 

connection with their treatment and safe disposal is 

being realized increasingly. Chemical examination 

alone, of complex industrial waste does not provide 

sufficient information on their effects on the aquatic 

biota for the protection of the aquatic environment. 

Moreover, the toxicity of complex mixture of wastes 

and chemicals cannot be determined by chemical 

means. The toxicity of effluent can be influenced by 

interaction between their individual components, by 

waste already present and by the dissolved minerals 

naturally occurring in varying amount in receiving 

waters. Aquatic organisms have various degrees of 

susceptibility to toxic substances and much of the 

pertinent research information is based on 

experiments with hardy species, most of which are not 

native to Nigeria. Therefore, the toxicity of the toxic 

chemicals to local biota must be detected and 

evaluated through bioassay under appropriate 

experimental conditions (EGASPIN, 2002; Nrior and 

Odokuma, 2015).    

 

In Nigeria, detergents are in widespread usage (Smith, 

1983). However, the discharge of wastes containing 

domestic and industrial detergents into the ecosystem 

may affect the microbiota of the receiving 

environment (Okpokwasili and Odokuma, 1997). The 

physiology of microbial aliphatic hydrocarbon 

degradation has been extensively studied. From 

fundamental viewpoint, there has been particular 

interest in substrate uptake mechanisms, the metabolic 

processes responsible for initiating catabolism, and 

the application of aliphatic hydrocarbon degraders in 

bio-technology. A wide range of bacteria, filamentous 

fungi and yeasts can metabolize aliphatic hydrocarbon 

substrates (De-Vries et al., 1990). 

 

This study therefore was designed to assess the effects 

of powdered and liquid domestic detergents on Mucor 

racemosus from an aquatic ecosystem in the Niger 

Delta. As an industrial environment with high 

population which is prone to detergent impact, 

toxicity to Mucor racemosus could become a simple 

and fast bioassay for monitoring ecosystem response 

to these pollutants.  

 

MATERIALS AND METHODS 

Description of Study Area 

The study area was Azuabie River in Trans-Amadi 

Industrial Layout near Port Harcourt Zoo in Port 

Harcourt Local Government Area of Rivers State, 

Nigeria. The river spans from Rumuogba via Worji, 

Azuabie down to Marine Base. The river receives 

faecal contamination (as coastal dwellers traditionally 

defecate into the water body), other industrial 

chemicals, solid wastes and wastewaters of domestic 

origin, and also serve as sink for used domestic 

detergents and wastewater discharged from industries, 

laundry and domestic activities.      

 

Collection of Water Samples 

Water samples were collected from the Azuabie River 

with 1000ml sterile plastic container, and used within 

two (2) hours of collection for isolation of Mucor 

racemosus employed in the study, and for 

physicochemical analysis of the water. Collection of 

water samples was in accordance with the methods 

described by APHA (1998).  

 

Physicochemistry of the Study River 

Analysis of some physicochemical parameters of the 

habitat water used as diluent during this study was 

carried out. The pH and dissolved oxygen were 

determined electrometrically with a multi-parameter 

data logger (Hanna Model H 1991300). Alkalinity 

was determined in accordance with ASTM D 1067B 

(ASTM, 1985). Total dissolved solids were 

determined electrometrically while Total Suspended 

Solids was determined with a membrane filter 

apparatus in accordance with APHA 2540D (APHA, 

1998). Chloride, Nitrate, and Ammonia were 

determined by HACH Lab. Kits (APHA, 1998). Iron, 

copper and lead were determined using Atomic 

Absorption Spectrophotometer (AAS).      

 

Isolation of Mucor Racemosus  

The method used for the isolation of Mucor 

racemosus from the river water samples was adopted 

from HACH Laboratory USA (HACH, 2008) using 

differential medium, fungal pour Rite
TM

 Ampoules. 

Membrane filtration method was used; 100ml of the 
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river water sample was passed through the membrane 

filter using the vacuum membrane filtration apparatus. 

The membrane filter was aseptically transferred from 

the Millipore Filtration Unit onto the surface of 

freshly prepared medium on absorbent pad (2ml of 

Pour Rite
TM

 broth ampoules poured onto the sterile 

absorbent pad in petri dish). This was incubated at 

28±2
O
C for 24 hours. Discrete colonies suspected to 

be Mucor species was purified by sub-culturing onto 

fresh, dried sterile Malt Extract agar. Mucor 

racemosus was identified macroscopically and 

microscopically (Barnett and Hunter, 1983; Neveen et 

al., 2011; Obire and Nrior, 2014)). 

 

Detergents Used For Toxicity Test 

The common domestic detergents used in this study 

were purchased from a popular market (Oil Mill 

Market) in Port Harcourt city, Rivers State, Nigeria. A 

total of six (6) brands of detergents were used for the 

test; four (4) brands of powdered detergents - Klin, 

Bonux, Omo and Ariel and two (2) brands of Liquid 

detergents - Snow Clin and Morning Fresh.  The 

manufacturers are: Klin (Eko Supreme Resources 

Nigeria Ltd., Ogun, Nigeria), Bonux and Ariel 

(Procter & Gamble Nig. Ltd., Ibadan, Nigeria), Omo 

(Unilever Nig. Ltd., Aba, Nigeria), Snow Clin (Green 

Olive Cosmetics Ind. Ltd., Lagos, Nigeria) and 

Morning Fresh (PZ Industries Plc, Lagos, Nigeria). 

Toxicant concentrations of 10, 100, 1000, 10000, 

100000mg l
-1

 were prepared. 

 

TEST PROCEDURES 

Preparation of Test Medium 

The effluent was prepared following the procedure 

outlined in (Obire and Nrior, 2014). Different 

concentrations, 10ppm, 100ppm, 1000ppm, 

10000ppm and 100000ppm, of toxicants were 

prepared using 0.5 dilution factor respectively. 

 

Preparation of Standard Fungal Inoculum 

Ten-fold serial dilution (Harrigan and McCance, 

1990) of the organism was carried out and aliquot 

(0.1ml) of 10
-4

 dilution was inoculated onto the 

differential medium, fungal pour Rite
TM

 Ampoules 

HACH Lab. USA (HACH, 2008) using spread plate 

technique. The plates were incubated at 28±2
O
C for 

24 hours. After incubation, the plates were examined 

for discrete colonies, and the plate 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 

organism in to sterile malt extract broth and incubated 

at 28±2
O
C for 24 – 48 hours; the concentration of the 

fungus in the broth, after plating out of the broth 

culture on to the surface of the differential medium, 

was 10
6
 organisms per milliliter.    

 

 

 

Toxicity Test Procedure  

Five milliliter (5ml) of the broth culture of the test 

organism (Mucor racemosus) was added to 45ml of 

each toxicant concentration (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 on to the surface of the prepared 

medium, fungal pour Rite
TM

 agar plates (APHA 1998) 

and incubated at room temperature for 24hours. This 

is known as zero hour testing. Further spread plate 

inoculations of the various toxicant solutions were 

made after 4h, 8h, 12h, and 24h. Each inoculated 

plates were counted after incubation at 28±2
O
C for 2 – 

3days, and the mean colony count taken and 

expressed in colony forming unit (CFU ML
-1

).  

 

Percent Log Survival Test of the Fungi 
The percent log survival of Mucor racemosus in the 

different concentrations of the toxicants used in this 

study was calculated using the formula adopted from 

Williamson and Johnson, 1981). 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 

                                      Log c                                 (i) 

Percent log survival was plotted against toxicant 

concentration; control test (without toxicants) was 

also used.  

 

Median Lethal Concentration (LC50) of the Fungus 
The Median Lethal Concentration (LC50) was 

computed from mean % log mortality and sum of 

dose difference using standard statistical analysis 

using the formula below: 

LC50 = LC100 –  

Sum of Dose diff. X  Mean % log Mortality 

                         % Control        (ii) 

 

Statistical Analysis and Median Lethal 

Concentration (LC50) 

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  

Results of sensitivity test of Mucor racemosus to the 

different detergents showed that toxic quotient of the 

different domestic detergents decreased as follows: 

Klin (573.22ppm) > Omo (936.34ppm) > Bonux 

(949.28ppm) > Ariel (1365.52ppm) > Snow Clin 

(4032.74ppm) > Morning Fresh (4993.72ppm). The 

Percent log survival of Mucor racemosus to the four 

(4) brands of powdered and two (2) brands of liquid 
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domestic detergents during 0h, 4h, 8h, 12h, and 24h 

exposure periods are presented in Figures 1 - 6. 

Values of the physicochemical properties of the study 

habitat (brackish water) presented in Table 1.0. 

Fig. 1: Percent log survival of Mucor racemosus to 

different concentrations of domestic detergent 

BONUX 

 

 
Fig. 2: Percent log survival of Mucor racemosus to 

different concentrations of domestic detergent KLIN 

 

 
Fig. 3: Percent log survival of Mucor racemosus to 

different concentrations of domestic detergent OMO 

 
Fig. 4: Percent log survival of Mucor racemosus to 

different concentrations of domestic detergent ARIEL 

 

 
Fig. 5: Percent log survival of Mucor racemosus to 

different concentrations of domestic detergent SNOW 

CLIN 

 

 
Fig. 6: Percent log survival of Mucor racemosus to 

different concentrations of domestic detergent 

MORNING FRESH 
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DISCUSSION 
Results of sensitivity test of Mucor racemosus to the 

different detergents showed great variations; toxic 

quotient of the different domestic detergents 

decreased in the following order (noting that the lower 

the Median Lethal Concentration, LC50, the more 

toxic the toxicant): Klin > Omo  > Bonux  > Ariel  > 

Snow Clin  > Morning Fresh. The Percent log survival 

of Mucor racemosus to the four (4) brands of 

powdered and two (2) brands of liquid domestic 

detergents during 0h, 4h, 8h, 12h, and 24h exposure 

periods showed decrease in percent log survival with 

increase in concentration of the toxicant. The Median 

Lethal Concentration (LC50) analysis indicated that 

powdered detergent, Klin, was most toxic  having the 

lowest LC50 value while liquid detergent, Morning 

Fresh, was least toxic having the highest LC50 value. 

Also, the Median Lethal Concentration (LC50) 

percentage ratio followed the sequence: Klin (5%) > 

Omo (7%) > Bonux (7.1%) > Ariel (11%) > Snow 

Clin (31%) > Morning Fresh (39%), noting that the 

greater the LC50 percentage ratio, the less toxic the 

toxicant.  

 

Table 1.0: Physicochemical properties of Azuabie 

River 
Parameters Concentration  Permissible 

Limits 

pH 7.04 6 – 9 

Total Dissolved  Solids 

(mg l-1) 

1,498 2,000 

Total Suspended Solids 

(mg l-1) 

60 30 

Alkalinity (mg l-1) 102.6 >200 

Chloride (mg l-1) 60 600 

Nitrite (mg l-1) 0.5 NA 

Nitrate (mg l-1) 0.3 20 

Ammonia (mg l-1) 0.8 0.2 

Biological Oxygen 

Demand  (mg l-1) 

3.0 >30 

Chemical Oxygen Demand  
(mg l-1) 

10.9 >40 

Iron (mg l-1) 0.03 0.20 

Copper (mg l-1) 0.003 0.02 

Lead (mg l-1) 0.01 0.02 

NA = Not Available 

 

The fungus, Mucor racemosus, used for this study 

demonstrated sensitivity to the toxicity of the 

domestic detergents. Klin had the highest toxicity 

effect (lowest LC50  value) followed in descending 

order of Omo, Bonux, Ariel, Snow Clin, and 

Mourning fresh, which had the least toxicity (highest 

LC50 value). This was evident in the least LC50 of the 

fungal isolate, and decreasing percentage log survival 

with increasing concentration of the toxicant.  

 

Toxicity of the domestic detergents to 

microorganisms may be due to the inhibition of the 

respiratory process in the organism (Stainer et al., 

1982). This process occurs in the cell membrane of 

the organism. Toxic chemicals present in the brackish 

water could have come in contact with the respiratory 

enzymes contained in the cell membrane of the 

organisms, thus interfering with the metabolic 

process. The study revealed that certain toxicants 

concentration were stimulating while others were 

depressing to per log survival of Mucor racemosus. 

Similar observation had been reported by previous 

workers (Okpokwasili and Odokuma, 1997). A 

general decrease in survival with increasing exposure 

time was observed with the toxicant.  

 

Results of this study suggested that domestic 

detergents caused cell mortality which led to the 

reduction in the viable counts of the fungus with Klin 

showing the greatest effect and Morning fresh the 

least effect. This could be attributed to nutrition 

process of the test organism within the 4h - 8h 

exposure period, which could have been influenced 

differently by the toxicants during the exposure time. 

Earlier researchers have reported that Mucor 

racemosus had the ability to degrade crude oil and the 

refined products for their metabolism (Focht and 

Westlake, 1981; Atlas and Bartha, 1992). Detergents 

that kill the fungus can in turn hinder the degradation 

of hydrocarbons in the ecosystem. Failure to degrade 

hydrocarbons by Mucor racemosus and other 

microorganisms could lead to accumulation of 

toxicants in river water and in turn cause disruption of 

ecosystem functions. Furthermore, certain 

concentrations of the toxicants can bioaccumulate in 

the aquatic organisms and reach lethal levels; 

consumption of the contaminated aquatic life by 

humans could pose serious health challenges to the 

consumers. In this regard, the life of the marine 

creatures and community health would be threatened. 

More so, high concentration of the toxicants overtime 

could lead to the death of aquatic organisms, course 

reduction in the protein source of local dwellers and in 

turn reduce the living standard of the populace.  

 

Detergents are used for washing in individual homes, 

public places and industries; after which the wasted 

water is disposed into the surroundings including 

drainage and carried into nearby streams, rivers and 

other surface waters. Industries that use detergents in 

large scale discharge the wasted effluent directly into 

nearby streams and rivers. The discharge of detergent 

effluents by the inhabitants and companies around the 

study site has been in practice for a long time and the 

consequence is being highlighted in this study.  

 

Detergents concentration in the study habitat 

(brackish water) influenced the concentrations of the 

physicochemical properties. Ammonia concentration 

of the brackish water far exceeded the maximum 

allowable limits (0.2mg l
-1

) for effluent (DPR, 2002; 

FEPA, 2000); and within the range that causes acute 

and chronic lethal effect in aquatic organisms (FEPA, 

2000; Weis et al., 1989). Ammonia is highly toxic, 

penetrates cells very rapidly and causes osmotic lysis 

of cells resulting in death. It is very toxic to both 
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bacteria and fish (Odiete, 1999), which could in turn 

affect humans on consumption of impacted fish. This 

could have resulted in the lethal effect observed in the 

fungus, Mucor racemosus (Obire and Nrior, 2014; 

Wang, 1984). Values of other parameters were far 

below or within the permissible limits for effluent and 

could not have posed any ecotoxicological problems. 

However, long time discharge of detergent effluent 

into the study river could create a chronic condition of 

the concentration of the parameters leading to their 

bioaccumulation in aquatic organisms, consumption 

of which could affect the health of humans.         

 

CONCLUSION 
Powdered and liquid domestic detergents inhibited the 

growth of Mucor racemosus at concentrations higher 

than 10mg l
-1

. At concentration of 10000mg l
-1

, the 

organism was completely destroyed (100% mortality). 

The implication of this could be reduced 

biodegradation ability of the organism thereby 

affecting the entire ecosystem. Thus, if the process of 

decomposition, mineralization, and nutrient 

regeneration are disturbed by toxicants, the nature of 

an ecosystem will be changed. It therefore follows 

that there would be serious perturbation of important 

biogeochemical cycles as a result of pollutant stress in 

the study river. Analysis of the physicochemical 

parameters showed that the study river is impacted 

with toxic substances such as ammonia. Furthermore, 

the water effluent from the concentrate domestic 

detergents and its factory in Trans Amadi, Port 

Harcourt poses great toxicity problems to 

microorganisms and higher organisms inhabiting the 

study river and by extension constitute serious health 

hazards to human life and a threat to marine creatures. 

Lethal effect of the toxicants could reduce the 

numbers of aquatic life and deprive the inhabitants 

their source of protein, which could threaten 

community health and reduce living standard. 

 

LIMITATION OF THE STUDY 

1. The study did not include analysis of 

alkylphenol polyethoxylates, (non-ionic 

component of domestic detergent which can lead 

to the formation of alkyl such as nonylphenols 

that act as endocrine disruptors), which will 

form the basis for further research. 

2. The test was carried out in the laboratory using 

brackish water as discharge receptor, not  in the 

natural aquatic ecosystem. 

3. The major limitation was finance which limited 

the scope of the study. 
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