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ABSTRACT: Domestic wastewater generation and disposal are one of the biggest challenges associated with 

the growth of informal settlements. Wastewater here is regarded as a combination of one or more of domestic 

effluent consisting of black-water (excreta, urine, and faecal sludge) and grey-water. As such, the potential 

impact of wastewater on human health is a growing concern.Composite samples of wastewater were collected 

from five (5) major drains in the study area. Samples were collected on a weekly basis during the period of the 

study. 20 composite samples each of wastewater (4 samples each of wastewater per location) were collected 

throughout the sampling period. Temperature, Total Dissolved Solids (TDS), and pH were measured in-situ with 

a PC 300 Waterproof pH/TDS/Temperature meter while Dissolved Oxygen (DO) was measured with a WTW 

Oxi 340 oximeter.The characteristics of domestic wastewater show that only pH, Copper, Lead and Zinc with 

7.38±0.46 mg/L, 0.74 ±0.074 mg/L, 0.074±0.01 mg/L, and 0.34±0.11 mg/L respectively do not exceed the 

National Environmental (Surface and Ground Water) Regulations (NER), 2009 effluent guidelines as developed 

by National Environmental Standards Regulations and Enforcement Agency. All other parameters assessed 

significantly exceeded the concentration required by the guideline. The high- level coliforms in the domestic 

wastewater are particularly undesirable to the environment but potentially to human health as well.Domestic 

wastewater generated should be managed and disposed-off properly in order to avoid disease outbreak on the 

inhabitant and create an aesthetically pleasing and functionally efficient healthy environment. 
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I. INTRODUCTION 
Domestic wastewater generation and disposal are one of the biggest challenges associated with the 

growth of informal settlements (slums) in the developing world (1, 2). In Sub-Saharan Africa, 62% of the urban 

population lives in slums. The most alarming statistics can be found in countries emerging from conflict and in 

West Asia, where the proportion living in slums has increased from 67% to 77% and 21% to 25%, respectively 

(3). 

Water pollution occurs when unwanted materials enter into water and changes the quality of water; this 

can be harmful to the environment and human health (4). According to the World health organization (WHO) 

cited in (5), 80% of diseases are water borne and 3.1% of death globally occur due to polluted water. It is also 

reported that 75% to 80% water pollution is caused by domestic sewage, domestic sewage contain toxicants and 

bacterial contaminants and these causes pollution of water (6) 

Wastewater is regarded as a combination of one or more of domestic effluent consisting of black-water 

(excreta, urine, and faecal sludge) and grey-water (used water from washing and bathing); water from 

commercial establishments and institutions, including hospitals; industrial effluent, storm water and other urban 

runoff; and agricultural, horticultural and aquaculture runoff (7). Wastewater can be beneficial for human 

through increased food security and socio-economic development, for instance, (8) documented that at least 20 

million hectares in 50 countries globally are irrigated with raw or partially treated wastewater that is around 10 

percent of irrigated land. Additionally, In Hanoi, Vietnam, for instance, up to 80 percent of vegetables produced 

are irrigated with wastewater (9). Thanks to wastewater, it is possible (and commonly the only way) to produce 

food and increase income in poor areas, thus also increasing nutrition and the quality of life. Malnutrition plays 
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a significant role in the death of 50 percent of all children in developing countries {10.4 million children under 

the age of five die annually from it, according to (10)}. A study in Tanzania showed that a village where a rice 

irrigation scheme had been developed with wastewater had more malaria vectors than a nearby savannah village 

but a lower level of malaria transmission. The village with the irrigation scheme had more resources to buy 

food, children had a better nutritional status, and the villagers were more likely to buy and use mosquito nets 

(8). The situation is completely different in poor areas lacking in job opportunities, where water reuse represents 

the only possibility of improving living standards by increasing income and ensuring food supplies. In areas 

where wastewater is an important production factor, people use up to 50–80 percent of their income on food 

(11); thus, even in small plots and with inappropriate water quality, agricultural production contributes to 

supporting families and complementing their diets (12). For these reasons, 15 % (in Hanoi) and 68% (in several 

cities of India and Africa) of poor cities practice urban agriculture using raw wastewater. The mean annual net 

income per farmer using wastewater to irrigate varies from US$155 in Africa’s Yaoundé, Cameroon, to $2,800 

in Hyderabad, India (11). In fact, the possibility of having wastewater to irrigate instead of freshwater made land 

rents in the El Mezquital Valley, Mexico, increased from $171 to between $351 and $940 per year, because, 

besides increasing yields, irrigating with wastewater enables three crops to be harvested per year instead of one 

(8). For most of these communities, food security and nutrition are more important than infectious disease 

transmission. 

Wastewater can also be detrimental to human health through increased pathogen virulence and 

facilitation of new communicable diseases (13, 14).  The most environmentally resistant pathogens are 

helminth(parasitic worm) eggs, and they are recognized as the main health risk in the use of wastewater for 

irrigation because of their resistance and persistence (15), particularly for developing countries where levels 

found in wastewater are seven to 80 times greater than those found in developed countries’ wastewater (16). 

Helminthiases (infestation with parasitic worms) are common diseases with an uneven distribution 

around the world. In developing countries, the affected population is 25–33 percent, whereas in developed ones 

it is less than 1.5 percent. The problem is more severe in regions where poverty and poor sanitary conditions 

prevail; under these conditions, helminthiasis reaches 90 percent of the population (17). There are several kinds 

of helminthiasis; ascariasis is the most common and is endemic in Africa, Latin America, and the Far East. 

There are 1.3 billion infections globally. Furthermore, even though it is a disease with a low mortality rate, most 

of the people affected are children under 15 years with problems of faltering growth and/or impaired fitness. 

Approximately 1.5 million of these children will probably never catch up, even if treated (18).  As such, the 

potential impact of wastewater on human health is a growing concern (13,19). In the same vein, wastewater 

causes environmental problems including pollution of surface water, groundwater, and soil by nutrients, 

pathogens, organic matter, and heavy metals, as well as emissions of ammonia, odour, and greenhouse gases 

(20,21,22). Considering the wide range of contaminants and different exposure routes, concern remains about 

the potential human health risks (13,23,24,25). 

The Dublin Statement and Agenda 21 represent a starting point in the search for more innovative and 

sustainable approaches to managing wastewater and the environment. In a follow-up meeting at Bellagio, Italy, 

from 1–4 February 2000, an expert group brought together by the Environmental Sanitation Working Group of 

the Water Supply and Sanitation Collaborative Council agreed that current waste management policies are 

abusive to human well-being, economically unaffordable, and environmentally unsustainable. Specifically, the 

Belagio Statement (Water 21, April 2000) raised the following issues that are of interest to our research. They 

states that “export of wastes from the source of generation should be minimised to promote efficiency and 

reduce the spread of pollution, wastewater should be recycled and added to the water budget and waste should 

be managed as close as possible to its source. (26)’’. 

The potential exposure routes from wastewater, contaminated underground water, soils, and food 

sources include intentional and accidental ingestion, dermal contact and inhalation (27-32). In slums, the 

incidence of diarrhoea, dysentery, and gastroenteritis is especially high in immune-compromised groups that 

include children, the elderly and pregnant women and is attributed to person-to-person contact as well as 

faecally contaminated water and soil (33,34,35).  

A critical issue, which limits the possibility of establishing adequate policies for water quality, is the 

lack of available data about wastewater (1). In Sub-Saharan Africa, little quantitative data are available about 

wastewater generation, disposal, risk, treatment, use, characteristics, and effects. Information is available only 

for Senegal, Seychelles, and South Africa, with data from Seychelles and South Africa dating back to early 2000 

(36). It is in the light of the above that this research seeks to assess the pollution characteristics and 

environmental health risks of domestic wastewater in Dawaki Ward, a slum in Bauchi. Nigeria. 
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II. MATERIALS AND METHODS 
 The pollution characteristics of the study area were assessed through wastewater sampling and analysis. 

Composite samples of wastewater were collected from five (13) major drains in the study area. Samples were 

collected on a weekly basis during the period of the study. 20 composite samples each of wastewater (4 samples 

each of wastewater per location) were collected throughout the sampling period.  The samples were collected 

into 1.0 litre clean plastic bottles. Temperature, Total Dissolved Solids (TDS), and pH were measured in-situ 

with a PC 300 Waterproof pH/TDS/Temperature meter while Dissolved Oxygen (DO) was measured with a 

WTW Oxi 340 oximeter. Samples were preserved in an ice box and transported to the laboratory where other 

analyses were carried out. Ortho-phosphate, Nitrogen-Ammonia, Nitrate-Nitrogen, Potassium, Magnesium, 

Sulphur-Oxide, Calcium, Sodium, and Aluminum were measured with a DR/2400 Spectrophotometer using 

appropriate reagent pillows. A bacteriological examination (Escherichia coli and Total coliforms) was 

conducted by the Pour plate method using nutrient Agar as culturing medium. All the methodologies for field 

and laboratory analysis were conducted according to the Standard Methods for the Examination of Water and 

Wastewater (1999). Analyses of heavy metals namely Cadmium, Mercury, Lead, Copper and Zinc were carried 

out with a Buck Scientific Model 210 VGP Flame Atomic Spectrophotometer. 5mL of concentrated HNO3 was 

initially added to 500mL of the samples to prevent adsorption of the metals to suspended solids. Digestion was 

carried out with a di-acid mixture composed of HNO3: HClO4 in the ratio of 9: 4 on a hot plate and filtered with 

Whatman No. 1 filter paper. The resulting mixture was diluted to 50mL with distilled water for the 

spectrophotometric analysis. The results compared with the National Environmental (Surface and Ground 

Water) Regulations, 2009 as developed by the National Environmental Standards Regulations and Enforcement 

Agency. 

 

III. RESULTS 
 In order to assess the characteristics of the wastewater in Dawaki ward, weekly composite samples 

were taken at different times and samples were analysed in the laboratory. Average and standard deviation of 

results of the composite samples are given in Table 1, as compared with the National Environmental (Surface 

and Ground Water) Regulations (NER), 2009 as developed by National Environmental Standards Regulations 

and Enforcement Agency. 

 

Table 1: Characteristics of Domestic Wastewater in Dawaki Ward and National Environmental (Surface 

and Ground Water) Regulations (NER), 2009 as developed by National Environmental Standards 

Regulations and Enforcement Agency. 
Parameters Units Mean±S.D of Concentrations Acceptable limit NER, 2009 

pH  7.38±0.46 6.5-9.2 

Temperature  oC 30.14±1.24 <40oC 

Dissolved Oxygen mg/L 0.22±0.067 6.0 

Total Dissolved Solid mg/L 1163.2±101.29 1,500 

Total Suspended Solid mg/L 256.2±31.18 30 

BOD5 at 20oC mg/L 329±29.22 50 

COD mg/L 1630.4±215.80 30 

K mg/L 34.08±5.18 50 

Mg mg/L 8.94±0.65 40 

SO4 mg/L 211.78±52.62 500 

NO3 mg/L 153.49 ±42.91 40 

N mg/L 43.86±9.81 20 

PO4 mg/L 41.06±4.65 3.5 

NH3 mg/L 58.98±16.12 2.0 

Ca mg/L 118.7 ±11.91 180 

Na mg/L 142.6±20.07 120 

Cu mg/L 0.74 ±0.074 0.01 

Pb mg/L 0.074±0.01 0.1 

Zn mg/L 0.34±0.11 0.2 

E-coli 108CFU/100mL 49.74±7.71 0.0 

Total coliforms 108CFU/100mL 4.39 ±0.81 10 

Source: Field Survey, 2018 

 

IV. DISCUSSION 
 Table 1 revealed that domestic wastewater from Dawaki ward showed a slightly alkaline pH during the 

study period possibly attributable to the presence of detergents and soapy water. On the average, pH of the 

wastewater was (7.38±0.46) which is within the NER, 2009 (National Environmental Regulations) value of 6-9 
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for discharge into Surface and Ground Water (37). This is acceptable since wastewater with low pH is difficult 

to treat by biological means and may also alter the concentration in natural waters (38). 

Also, the average temperature value of 30.14±1.24 was recorded during the study period for domestic 

wastewater. This is relatively higher than the city’s average ambient temperatures of 29.3°C. The discharge of 

heated effluents may considerably modify the ecology of the receiving stream as well as decrease the solubility 

of oxygen in the water (39). Domestic Wastewater in Dawaki ward during the study was generally anaerobic 

due to high levels of organics and low levels of dissolved oxygen (DO). Due to the low DO (0.22±0.067mg/L) 

in the wastewater during the study, it showed a characteristic black-colour accompanied by foul and 

objectionable odour (40). The low DO of the domestic wastewater is harmful to human health and aquatic life 

when discharged into adjoining water bodies since it has the potential to cause a drop in DO levels in the water, 

depending on the volume. In the same vein, dissolved oxygen waters with extremely low DO are not able to 

support aquatic life (41). 

 Furthermore, the mean Total Dissolved Solid of the domestic wastewater during the study is 

1163.2±101.29mg/L, does not exceed the National Environmental Regulations (NER) effluent discharge value 

of 1,500mg/L. On the other hand, higher levels of Total Suspended Solid (TSS) were recorded in the domestic 

wastewater in the area as compared to the NER effluent discharge value during the study. The average TSS 

value (256.2±31.18mg/L) was about 5 times greater than the NER effluent discharge value of 30mg/L. The high 

levels of TSS in the wastewater could be attributed to erosion of soil particles in the earth drains as the domestic 

wastewater flows through and the organic matter resulting from food waste, and other forms of human and 

animal waste. Total Suspended Solids are made up of either mineral or organic solids (42). Consequently, the 

decomposition of the organic component depletes the dissolved oxygen in the water, resulting in anaerobic 

conditions and unpleasant odours (39). This affirms the foul and objectionable odour in the domestic wastewater 

in the study area. 

 In addition, the BOD5 level in the domestic wastewater was 329±29.22 mg/L which is higher than the 

NER effluent discharge value of 50mg/L. COD also showed the same level, 1630.4±215.80mg/L high compared 

to a NER effluent discharge value of 30mg/L. On the average, the COD/BOD value of the domestic wastewater 

was 4.95. COD/BOD values of wastewater indicate how biologically degradable the wastewater is and hence its 

suitability for biological treatment (43). If COD/BOD value is less than or equal to 2, the substances present in 

the wastewater can easily be degradable while high values indicate that the substances are difficult to break 

down. For the COD/BOD values recorded, it means that the domestic wastewater contains substances that are 

not easily degradable such as polythene and thus will make biological treatment difficult. BOD is the level of 

organic content in wastewater measured by the demand for oxygen that can be consumed by living organisms in 

the wastewater (44) whereas COD measures the amount of oxidizable matter present in wastewater (40). The 

breaking down or stabilization of such constituents consequently utilizes the dissolved oxygen in the water 

causing its depletion resulting in the generation of odour. Thus, domestic wastewater with high BOD content is 

characterized by low oxygen content and high biological activity. This low level of BOD and COD in the 

domestic wastewater during the study shows the potential risks the wastewater poses to human health and 

aquatic environments. 

 More so, potassium (K), magnesium (Mg), and sulphate(SO4), their concentration is 34.08±5.18mg/L, 

8.94±0.65mg/L, and 211.78±52.62mg/L respectively does not exceed NER effluent discharge value of 50mg/L, 

40mg/L, and 500mg/L respectively. The low concentration of magnesium cations (Mg
2+

) may be attributed to 

the presence of acids of SO4
2-

 or Cl
-
 in wastewater. Where, the chemical process between Mg

2+
 and SO4

2-
 or Cl

- 

produces chemical solids as MgSO4 or Mg (CO3)…etc. The solids are sediment and become a part of the soil 

(45). The average concentration of Nitrogen-ammonia in the domestic wastewater during the study was 

58.98±16.12mg/L against the NER effluent discharge value of 2.0mg/L. Also, the average concentration of 

Nitrogen-nitrate was 153.49±42.91mg/L as against the NER effluent discharge value of 40mg/L. The higher 

concentrations indicate pollution resulting from sewage. This can be injurious to pregnant women, children and 

the elderly. 

 Also, Phosphorus (in the form of orthophosphate) in the domestic wastewater had the average value of 

41.06±4.65 mg/L. Although phosphorus is an essential nutrient for plant growth and for biological metabolism, 

(46) argues that excessive discharge into aquatic environments can result in excessive algae growth, 

eutrophication and the depletion of oxygen in water bodies. Phosphorus is usually associated with plant remains, 

animal waste and fertilizer (47). Other potential sources of phosphates in wastewater as stated by (46) include, 

cleaning products, cosmetics, medicated shampoos, food products, faeces, and urine. All these sources (except 

fertilizer), as observed in the study area, contribute to the high levels of phosphorus in the wastewater and poses 

a potential deleterious risks to aquatic life in the receiving water bodies. 

 The presence of inorganic contaminants in surface water resulting from domestic wastewater affects 

aquatic life primarily due to their non-bio-degradable and toxic nature. While some of these contaminants like 
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Copper and Zinc are important micronutrients for plants and microorganisms, others such as Cadmium, 

Mercury, and Lead pose deleterious health effects above certain thresholds (48). The levels of Copper, Lead and 

Zinc concentrations (0.74 ±0.074mg/L, 0.074±0.01mg/L, and 0.34±0.11mg/L respectively) in the domestic 

wastewater were below their respective NER effluent discharge value of 0.01mg/L, 0.1mg/L and 0.2mg/L 

respectively. Though in small quantity, the presence of these toxic heavy metal in the domestic wastewater can 

kill the micro-organisms that are needed for biological treatment of wastewater and therefore stop the treatment 

process. When ingested, Lead inhibits enzymes and also damages the nervous system and the kidneys (49,50). 

The levels of E. coli and total coliforms concentration 49.74±7.71X10
8
CFU/100mL and 49.74±7.71 

X10
8
CFU/100mL respectively were higher than the NER effluent dischargevalues of 0 and 0 respectively. The 

presence of faecal coliforms is an indicator of faecal contamination (51). Thus, the higher levels of E-coli in 

domestic wastewater are attributable to runoff conveying human and animal waste in the study area. Although 

most microorganisms (bacteria, protozoa) are responsible and also beneficial for biological treatment processes 

of wastewater (52,53), researchers argue that depending on the dose and susceptibility of the host, some of these 

organisms found in domestic wastewater can cause diseases of the gastrointestinal tract such as typhoid and 

paratyphoid fever, dysentery, diarrhoea and cholera (54). Therefore, levels of E-coli in the domestic wastewater 

were found to be within the range of infectious dose (10
6
-10

10
) indicating the serious health threat it poses to 

human life. 

 

V. CONCLUSION 
 Determining the pollution characteristics and environmental health risk is acceptable is difficult. We 

are exposed to many different environmental health threats simultaneously, especially those associated with 

domestic wastewater. Furthermore, people consider some dangers tolerable but dread others especially those 

that are common and whose effects are known to science. The situation is complicated by the fact that the media 

gives us a biased perspective on some risks, while our personal experience and our sense of our own abilities are 

often misleading. It is important however to note that the severity of these environmental health risks related to 

domestic wastewater is not to be taken for granted. Therefore, domestic wastewater generated should be 

managed and disposed properly in order to avoid hazards on the people and create an aesthetically pleasing and 

functionally efficient healthy environment. 
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