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This study was carried out to determine the optimum concentration of chlorine 

required to disinfect wastewater from soak away pit which serve Michael Okpara 

University of Agriculture, Umudike male hostel. The essence was to ascertain the 

pathogen load and hence provide a guideline for treatment of this wastewater for 

recycling. Microbiological tests conducted on the sample before chlorination 

indicated that E. Coli, Staphylococcus Aureus, Streptococcus and Bacillus sp 

were isolated as organisms present in the wastewater. The wastewater was treated 

with chlorine concentrations of 0.20 mg/ml, 0.40 mg/ml, 0.60 mg/ml, 0.80 

mg/ml, 1.00 mg/ml, 1.04 mg/ml, 1.08 mg/ml, 1.12 mg/ml, 1.16 mg/ml and 1.20 

mg/ml respectively, and it was observed that 1.20 mg/ml was the optimum 

chlorine dose for treating this wastewater. Gram reaction showed that Staph. 

Aureus, Streptococcus, and Bacillus sp are Gram positive and are less pathogenic. 

Endospores were formed only by Bacillus sp and because of that are very resistant 

to antibiotics. The four organisms isolated secreted the enzyme catalase which 

decomposes hydrogen peroxide to water and oxygen, which helps in protecting 

the cell from oxidative damage by reactive oxygen species. Staph. Aureusis the 

only organism that produced coagulase which is dangerous to man since it can 

bring about coagulation or agglutination of blood or plasma by disease-causing 

forms of Staphylococcus. Other tests are glucose, maltose and fructose. All the 

organisms tested positive to these three tests except Bacillus sp which tested 

negative to maltose. Positive response to any of these sugar tests is indicative that 

these organisms require sugar for their metabolism and growth. 
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INTRODUCTION 
 

Disinfection is the destruction of pathogenic 

microorganisms in a water. The water is not necessarily 

sterilized. The protection of the public health from 

waterborne disease transmission by disinfection of water 

has been recognized since the turn of the century. The 

eradication of waterborne pathogens is the most important 

treatment of water. Disinfection is also applied to 

wastewater effluents to reduce the risk of disease for 

recreational users of surface waters and to minimize the 

contamination to downstream drawers of water. 

The kinetics of disinfection is described by a first-order law 

from studies by Chick (1908). 

kN
dt

dN
−=  (1) 

The die-off coefficient is a function of disinfectant dose, 

type of microorganism, and conditions in the water. 

Watson (1908) refined the rate coefficient to explicitly 

include the concentration of disinfectant and another term 

related to disinfection power of the disinfectant. 
nCk =                                                                          (2) 

where 

In equation (2) the exponent n  is commonly assumed to 

be 1, although this should be experimentally verified. 

Combining the above two equations and integrating, the 

Chick-Watson disinfection model (Eq. 3) is obtained. 

tC
N

N n−=
0

ln                                                            (3) 

The inactivation constant is specific to the microorganism 

and disinfectant being used and is also sensitive to 

environmental conditions in the water. Furthermore, 

disinfectants undergo chemical reactions that diminish 

their disinfection power but do not destroy it. Therefore, 

deviations from the Chick-Watson law are common. The 

general principle embodied in the law is that as 

concentration or contact time ( Ct ) is increased, 
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inactivation of microorganisms is increased. Practically, 

tC  plots for in situ conditions to arrive at the dose and 

contact times required to attain the desired removal. 

For chlorine decay, chlorine demand is not exerted upon 

addition of chlorine to the water. First-order kinetics are 

assumed to describe the rate of reaction between chlorine 

and chlorine demand substances. The nature of chlorine 

demanding substances and flow patterns affect the amount 

of chlorine decay between the influent and the effluent in a 

reactor to which chlorine has been added. Teefy and Singer 

(1990) found first-order rate constants for free chlorine of 

0.162 and 0.0624 
1−h  at two water treatment plants. 

Lawler and Singer (1993) suggest that 0.2 
1−h  is a 

reasonable value for water treatment plants based on other 

studies. 

Abdel-Gawad and Bewtra (1988) studied the decay of total 

residual chlorine from chlorination of physical-chemical 

treatment effluent in natural river water. They found a first-

order decay model to be suitable with the rate constant 

influenced by turbulence, evaporation, photolysis and 

temperature. The rate constant was formulated as  

( ) ( )20−++− T

oxsevTBT kkkFk                                  (4) 

The values of constants in the above equation were: TBF  = 

2.05 for turbulent conditions, TBF  = 1.0 for quiescent 

conditions; evk  = 0.013/ H
1−d  ( H  is depth of the flow 

in m); 

sk  = 0.03
1−d ; oxk  = 0.065

1−d ; and   = 1.08. 

Nowell and Hoigne (1992) also found that 

photodegradation of chlorine followed a first-order 

reaction. Sunlight in the wavelength range 320-340nm 

controls photolysis. The hypochlorite ion was more 

sensitive to sunlight than hypochlorous acid. Covering 

basins minimizes the dosage of chlorine.    

Disinfection of drinking water is one of the main 

achievements of our time in the protection of public health. 

The use of chlorine for the destruction of pathogens is 

essential to protect the public from outbreaks of waterborne 

diseases. Chlorine as well as other disinfectants, produces 

a variety of chemical byproducts. The risk from the 

presence of microbial pathogens in drinking water is 

estimated to be several orders of magnitude greater than the 

risk from chlorination byproducts. Any effort to control 

these byproducts must compromise the microbiological 

quality of drinking water (Galal-Gorchev, 1996).  

It is estimated that 1.5 billion people still lack access 

to clean water supplies (WHO, 1993). Diseases arising 

from the ingestion of pathogens in contaminated water 

have the greatest impact worldwide. The health effect of 

these diseases are heavily concentrated in the developing 

world and, within the developing world, among the poor 

urban and rural households of the poorer countries. An 

estimated 80 % of all diseases and over one-third of deaths 

in developing countries are caused by the consumption of 

contamination water and, on average, as much as one-tenth 

of each person's productive time is sacrificed to water-

related diseases (UNCED, 1992). 

Antibiotic resistant bacteria (ARB) are having 

profound effects on the treatment of human diseases. In the 

United States, the number of ARB-related hospitalizations 

continues to increase (Mainous et al., 2011) with an 

estimated cost of up to ₴30 billion dollars annually (Phelps, 

1989). 

The presence of antibiotics and ARB in wastewater 

treatment plants (WWTPs) and water reclamation plant 

(WRP) effluents are of specific interest. The primary 

reasons for concern include the presence of clinically 

relevant ARB and antibiotic resistant genes (ARGs) in raw 

water sewage entering these facilities, the potential for 

ineffective removal and/or selection of ARG/ARB by 

WWTPs (Auerbach et al., 2007; Goni-Urriza et al., 2000; 

Zhang et al., 2009; Pruden et al., 2012; Czekalski et al., 

2012). Specifically, the transfer of ARGs between and 

horizontally is one of the main factors that have led to the 

rapid spread of antibiotic resistance across the globe (Von 

Wintersdorff et al., 2006). It was also observed that 

filtration improved the removal of ARGs by chlorine 

(Quach-Cu et al., 2018). 

For general description, we have Chlorine ( 2Cl ), 

Hypochlorous acid (HOCl) and Sodium hypochlorite 

(NaOCl). In terms of physicochemical properties of 

chlorine, its conversion factor in air is 1 PPM equivalent to 

2.9
3/ mmg . The boiling point, melting point, density, 

vapor pressure and water solubility are -34.6℃, -101℃, 

3.214 g/l at 0℃ and 101.3 Kpa, 480 Pa at 0℃ and 14.6 g/l 

at 0℃ respectively (Sconce, 1962; NIOSH, 1976). 

Most studies on the pharmacokinetics of chlorine, 

hypochlorous acid, or hypochloites employ reactive 
36

Cl-

labelled compounds and probably reflect the fate of the 

chlorine ion or other reaction products generated from the 

parent molecules. In rats, hypochlorous acid was readily 

absorbed through the gastrointestinal tract, distribution 

being highest in the plasma; smaller amounts were amounts 

were found in the bone marrow, kidney, testes, lung, 

duodenum, spleen, liver and bone (Abdel-Rahman et al., 

1982; 1983). 

Microorganisms like E. Coli, cryptosporidum and 

giardia lamblia can can be present due to contamination by 

human sewage and animal wastes, and can cause dairrhea, 

vomiting and cramps (US EPA, 2015). Groundwater is 

sometimes less prone to these microorganisms as the soil 

above acts as a filter, but they can still be present (John-

Mark and Mazumder, 2003). Chlorination, along with other 

treatment steps, is commonly used to disinfect drinking 

water because it kills a wide variety of microorganisms. 

Chlorine has been used since the early 1900's and is 

responsible for the virtual elimination of typhoid fever in 

North America (Calomiris and Christman, 1998). 

However, safe drinking water has two important 

characteristics: it should be free from disease causing 

organisms, and levels of harmful chemicals should be 

below defined thresholds (John-Mark and Mazumder, 

2003). In 1974, newly available techniques allowed water 

quality scientists to measure chloroform and other 

trihalomethanes in drinking water. They linked levels of 

these unexpected chemicals to the reaction of chlorine with 

natural organic matter in the source water, which created 

additional chemical byproducts (Hrudey, 2009). Since 

then, hundreds of these disinfection byproducts (DBPs) 

have been identified, many of which have harmful effects 

when ingested at high levels, including increased risks to 



Inter J Appl Sci Engr, 2019, 7(1): 9-14. 
 

 

11 

cancer (Rehan and Rodriguez, 2004). There is in fact, a 

balance between the use of chlorine-based additives to kill 

harmful organisms in drinking water and the levels of 

harmful chemicals created as byproducts in the disinfection 

process. Levels of unwanted disinfection byproducts in 

drinking water are difficult to predict. The formation of 

DBPs is complex and varies among different chemicals. 

For example, the formation of trihalomethanes (THMs) 

increases at high pH levels and decreases at low pH levels, 

while the opposite is true of haloacetic acids (HAAs) 

(Health Canada, 2006). Levels of THMs can increase as the 

water moves from the treatment plant through the 

istribution system to the tap, while mean concentrations of 

HAAs may decrease (Niewenhuijsen, 2003). 

 

MATERIALS AND METHODS 
 

Collection of samples and sampling techniques 

The soak away pit where the sample was collected was 

first of all thoroughly mixed with a stirrer to obtain a 

homogenous sample of the wastewater to be used, and 4 

litres sample was collected in sterile polypropylene 

containers with leak-proof lids. Since bacterial growth is 

time-dependent, the sample was stored in an icebox at 

temperature between 1 - 4℃ to keep the organisms in a 

state of dormancy during transportation to the laboratory.  

The materials for this study include; Petri dishes; nutrient 

agar; MacConkey agar; incubator; stereoscopic microscope 

with magnification of 10 - 15 , wide-field type; pipette 

container of stainless steel; graduated cylinders; bottles 

marked at 9 ml for 1:10 serial dilutions; and a water bath 

maintained at 50℃.   

 

Laboratory analysis  

Analyses was performed on the wastewater sample 

two hours after collection from the source. Due to high 

turbidity of the wastewater sample, tenfold serial dilution 

was done while conducting the experiment. The essence 

was to reduce the concentration of bacterial load for easy 

counting. 

In this experiment, raw sample of the wastewater was 

firstly analyzed for the number of colonies without addition 

of chlorine which served as the control experiment (i.e. 

Neat). Subsequently, chlorine doses of concentration in the 

neighborhood of 0.20 mg/ml, 0.40 mg/ml, 0.60 mg/ml, 

0.80 mg/ml, 1.00 mg/ml and 1.20 mg/ml respectively were 

simultaneously introduced into six graduated cylinders, 

each containing 500 ml sample of wastewater at a contact 

time of 10 minutes which was achieved with the aid of 

sulphur (iv) oxide (SO2), a reducing agent which stopped 

the action of chlorine on the destruction of the pathogens 

immediately it was added to the 500 ml samples. Nutrient 

agar medium was sterilized in an autoclave for a period of 

15 minutes, maintained at a temperature of 121℃ (15-lb 

pressure) and was allowed to cool and gel. The gel was 

placed on six different plates (Petri dishes),  5 ml sample of 

each treated wastewater was drawn with a syringe and 

placed on the plates which was later introduced into an 

incubator maintained at 37℃ for 24 hours. By studying the 

plates, Bergey's Manual of Systematic Microbiology 

(1984) was used to isolate the organisms on the plates. The 

number of organisms on the plates were counted and 

converted to the equivalent of the raw sample using the 

expression; 

CFU/ml 

fp

c

DV

N


=  

In which cN  is the number of colonies, 
pV  is the 

volume of pipette and 
fD  is the dilution factor. After 

isolation, standard methods were used to conduct 

biochemical tests on Gram reaction, spore stain, catalase, 

coagulase, motility, methyl red, growth on MacConkey, 

Voges-Proskauer, glucose, manitol, maltose and fructose. 

The results are presented below in Tables 1 to 4. 
 

RESULTS AND DISCUSSION 
 

Table 1 presented the results from colony count tests, 2.76 

  106CFU/ml was the initial number of colonies in the raw 

wastewater sample prior to treatment by chlorination, and 

this value served as the control/or neat. After treating the 

wastewater with chlorine and incubating at 37℃ for 24 

hours, it indicated a decreasing trend, an evidence of 

pathogen die-off with time. The results showed that at 0.20 

mg/ml, 0.40 mg/ml, 0.60 mg/ml, 0.80 mg/l and 1.00 mg/ml 

doses of chlorination, number of colonies were 1.22   10
6
CFU/ml, 6.80   10

5
CFU/ml, 2.40   10

4
CFU/ml, 1.20 

  10
6
CFU/ml and 4.0   10

3
CFU/ml of sample. Nothing 

was detected at 1.20 mg/ml, but for the fact that the 

difference between colony forming units at 1.00 mg/ml and 

1.20 mg/ml was much, further tests were carried out using 

chlorine concentrations of 1.04 mg/ml, 1.08 mg/ml, 1.12 

mg/ml and 1.16 mg/ml respectively. It was observed that at 

1.16 mg/ml, colony forming units was 2.90   10
2

CFU/ml 

so that the optimum chlorine concentration for treating the 

wastewater was 1.16 mg/ml as shown in Table 2. This is an 

evidence of pathogen die-off with contact time (Campbell, 

1993; Calomiris and Christman, 1998). 
 

Biochemical tests conducted on these organisms indicated 

that Staph. Aureus, Streptococcus and Bacillus Sp are 

Gram-positive (see Table 2) and therefore are less 

pathogenic because they are more susceptible to antibiotics 

due to the lack of an outer membrane, only E. Coli 

exhibited Gram-negative reaction. Infections caused by 

multidrug-resistant Gram-positive bacteria present a major 

public health burden, not just in terms of morbidity and 

mortality, but also in terms of increased expenditure on 

patient management and implementation of infection 

control measures. Staph. Aureus is an established pathogen 

in the hospital environment, and its frequent multidrug-

resistance complicates therapy and this supports the work 

of Woodford and Livermore (2009). Gram-negative 

bacteria E. coli isolated has been known to show increasing 

resistance to ciprofloxacin, this development is in line with 

the research carried out by Neuhauser et al. (2003). These 

are indications that treatment of ailments associated with 

contaminations of the Gram-positive organisms mentioned 

above will be easier than treatment of E. coli infection since 

the later exhibits less resistance to antibiotics. 
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Table 1: Relationship between chlorine concentrations and 

number of colony forming units 

Chlorine dose (mg/ml) No. of colonies (CFU/ml) 

Neat/ control 2.76 × 106 

      0.20 1.22 × 106 

      0.40 6.80 × 105 

      0.60 2.40 × 104 

      0.80 1.20 × 104 

      1.00  4.00 × 103 

      1.04 3.50 × 103 

      1.08 4.20 × 102 

      1.12 3.70 × 102 

      1.16 2.90 × 102 

      1.20 - 

 

Table 2: Identification of organisms 

Biochemicaltest Organisms identified 

E. 

Coli 

S. 

Aureus 

Streptococcus Bacillus 

Sp 

Gram reaction _ + + + 

Sporolation _ _ _ + 

Catalase + + + + 

Coagulase _ + _ _ 

Motility + _ _ + 

Methyl red + _ _ _ 

Growth on 

MacConkey 

_ + _ _ 

Voges-Proskauer _ + + _ 

Glucose + + + + 

Mannitol + + + + 

Maltose + + + _ 

Fructose + + + + 

Key:  + Positive - Negative 

 

Table 3: Distribution of organisms at various concentrations of 

chlorine 

Chlorine dose            

(mg/ml) 

          Organism identified 

Neat/Control E. coli, Staph. aureus, Streptococcus, Bacillus sp 

      0.20 E. coli, Staph. aureus, Streptococcus, Bacillus sp 

      0.40 E. coli, Staph. aureus, Streptococcus 

      0.60 Staph. aureus, Bacillus sp 

      0.80  Staph. aureus, Bacillus sp 

      1.00  Staph. aureus, Bacillus sp 

      1.04 Staph. aureus, Bacillus sp 

      1.08 Staph. aureus, Bacillus sp 

      1.12 Staph. aureus, Bacillus sp 

      1.16 Staph. aureus, Bacillus sp 

      1.20 None 

  

For sporolation, endospores are formed by members of 

a few Gram-positive bacterial genera as in Bacillus Sp 

(Table 2). The spores are extremely resistant structures; 

resistant to disinfection at high concentrations of 

chlorination and also to boiling water temperatures for two 

hours or more as can be seen in Table 3. Bacillus Sp. 

contain little water and exhibit very few chemical reactions. 

When the external environment is favorable, the spores’ 

protective layer break down and the vegetative cell 

emerges to grow and reproduce. The results from Table 2 

show that E. Coli, Staph. Aureus and Streptococcus do not 

form endospores while Bacillus Sp. exhibited sporolation. 

 This scenario is supported by the works of (van Gestel et 

al. 2015). 

The four isolated organisms E. Coli, Staph. Aureus, 

Streptococcus and Bacillus Sp. secreted the enzyme 

catalase in line with the equation below 

2222 22 OOHOH +→                                              (1) 

It catalyzes the decomposition of hydrogen peroxide to 

water and oxygen. It is a very important enzyme in 

protecting the cell from oxidative damage by reactive 

oxygen species. Though, these organisms present in water 

are pathogenic if contaminated wastewater is discharged 

without treatment into receiving water bodies, this scenario 

has positive impact on humans. 

Results also show that Staphylococcus Aureus is the 

only organism that produced the enzyme coagulase. 

Coagulase is a bacterial enzyme which brings about the 

coagulation/ agglutination of blood or plasma by disease-

causing species of Staphylococcus. It is also a protein 

enzyme produced by several microorganisms that enable 

the conversion of fibrinogen to fibrin. With these, it can be 

seen that discharge of wastewater into streams is dangerous 

since humans can easily contact Staphylococcus aureus, 

except where self-purification had taken place over a long 

river reach thereby diluting the contaminated water. This is 

supported by the research done by Crosby et al.(2016)     

For motility, only two organisms exhibited motility 

and they are Escherichia Coli and Bacillus Sp. This is the 

ability of the organisms to move independently using 

metabolic energy and is enhanced by the presence of 

flagellum.  

Mannitol is a type of sugar alcohol which is also used 

as medication. As a sugar, it is often used as a sweetener in 

diabetic foods as it is poorly absorbed from the intestines 

of man. As a medication, it is used to decrease pressure in 

the eyes as in glaucoma, and to lower increased intracranial 

pressure. The four organism isolated, E. coli, 

Stapylococcus aureus, Streptococcus and Bacillus sp tested 

positive to mannitol secretion which indicate that their 

presence in water is an advantage. Considering trade-offs 

between their presence and absence in drinking water, since 

the disadvantages outweigh the advantages their presence 

in drinking water is not encouraged since the source was 

from contaminated water, except if its presence can be 

preserved during treatment. A situation where other 

contaminants can be removed without affecting the 

presence of mannitol.   

Escherichia coli was positive to methyl red test which 

is an indication that E. coli produced acids which changed 

the color of methyl red to yellow. Enteric organisms are 

comfortable under acidic medium. Escherichia Coli live in 

the human gut and are usually harmless but some are 

pathogenic causing diarrhea and other symptoms as a result 

of of ingestion of contaminated food or water. We have 

Enteropathogenic E. coli (EPEC) which are certain 

serotypes commonly found associated with infant diarrhea; 

Enterotoxigenic E. coli (ETEC) which produce diarrhea 

resembling cholera but much milder in degree, they also 

cause "travelers’ diarrhea"; Enteroinvasive   E. coli (EIEC) 

that produce a dysentry (indistinguishable clinically from 

shigellosis, see bacillary dysentry) and Enterohemorrhagic 

E. coli which are usually of serotype O157:H7. These 

organisms can produce hemorrhagic colitis (characterized 

by bloody and copious diarrhea with few leukocytes in 

afebrile patients). The organisms can disseminate into the 

blood stream producing systemic hemolytic-uremic 

syndrome (hemolytic anemia, thrombocytopenia and 

kidney failure) which is often fatal. The commonest 
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community acquired ("ascending") urinary tract infection 

is caused by E. coli. (WHO, 2018) noted that shiga toxin-

producing E. Coli (STEC) is a bacterium that can cause 

severe food-borne disease. 

The Voges- Proskauer (VP) is a test used to detect 

acetoin in a bacterial broth culture. VP is one of the four 

IMViC series, which tests for evidence of enteric 

bacterium. The other three tests include: the indole test [I], 

the methyl red test [M], and the citrate test [C]. After the 

VP test, two enteric bacterium isolated were 

Staphylococcus Aureus and Streptococcus.  

S. Aureus has long been recognized as one of the most 

important bacteria that cause disease in humans. It is the 

leading cause of skin and soft tissue infections such as 

abscesses (boils), furuncles and cellulitis. Although most 

staph. infections are not serious, S. Aureus can cause 

serious infections such as bloodstream infections, 

pneumonia or bone and joint infections. 

On the other hand, certain streptococcus species are 

responsible for many cases of pink eye, meningitis, 

bacterial pneumonia, endocarditis, erysipelas and 

necrotizing fascilitis (the "flesh-eating" bacterial 

infections). However, many streptococcal species are not 

pathogenic, and form part of the commensal human 

microbiota of the mouth, skin, intestine and upper 

respiratory tract. Furthermore, streptococci are a necessary 

ingredient in producing Emmentaler ("Swiss") cheese. 

Acute streptococcus pyogenes infections may take the form 

of pharyngitis, scarlet fever (rash), impetigo, cellulitis, or 

erysipelas (Patterson, 1996),        

 

Conclusions 

The results from this study is site specific and the 

findings are peculiar to treatment and recycling of 

wastewater from Michael Okpara University of 

Agriculture, Umudike (MOUAU) male hostel septic 

system. The reason is that microbial activity vary from one 

septic system to another and the bacterial genera existing 

in one septic system may differ from another. Nevertheless, 

the study provides a good guide for water and 

environmental engineers in making timely decision on the 

management of waste disposal systems.  

From the results presented in this work, it can be seen 

that chlorine is a good disinfectant for treatment of 

wastewater as optimum dose for pathogen destruction was 

found to be 1.16 mg/ ml, at which point all pathogen in the 

wastewater got completely destroyed. The organisms 

isolated after collection of wastewater from source were E. 

Coli, Staph. Aureus, Streptococcus and Bacillus sp. These 

are disease-causing organisms as can be seen from the 

detailed explanations in section 4.0 
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