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Air, soil, and water are the major and most important components of the environment and thus 

should always be protected. The state of these three environmental components directly or 

indirectly affects life. Pit latrines and septic tanks systems are simple and affordable solutions 

for onsite sanitation in many underdeveloped and developing parts of the world, especially in 

peri-urban areas. These have also been identified as culprits for environmental pollution, 

releasing nitrates, phosphates, ammonia, dissolved solids, and heavy metals into the 

environment. This paper investigates the negative impacts of pit latrines and septic tanks on 

soil and water in peri-urban areas of Africa. It highlights that these systems are responsible for 

soil and water contamination in many areas, leading to the spread of water-borne diseases and 

other health risks. This paper further highlights the factors that influence the performance of 

pit latrines and septic tanks on the environment as well as realistic, cost-effective approaches 

to mitigate the negative environmental effects of septic tanks and pit latrines. The study also 

serves as a basis for further studies to build on for making pit latrines and septic tanks more 

environmentally safe. 
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1. INTRODUCTION

The major and most important components of the 

environment are air, soil, and water. The state of these three 

components directly or indirectly affects life. Humans cannot 

live without water, air, and soil, thus, the reason for sustainable 

living is to ensure that these environmental components are 

always in the best possible state. Sanitation plays an important 

role in keeping the environment and human beings in good 

health. Proper sanitation, water, and hygiene are crucial for 

development anywhere in the world. According to the 

Britannica Dictionary [1], sanitation can be defined as the 

process of keeping surroundings and places free from dirt, 

infection, and diseases by cleaning up and keeping waste away. 

Mara et al. [2] define sanitation as the “safe disposal of 

human excreta”. Indicating that there must be hygienic 

excretion that is safely contained or treated to avoid 

environmental pollution or disease outbreaks that threaten 

human health. Sanitation can also be defined as facilities that 

hygienically separate human excreta from human contact [3]. 

Sanitation is an important topic in our world today because 

inadequate sanitation leads to many environmental and health 

problems that limit the wellbeing of the people [4]. For 

instance, poor sanitation can result in the pollution of water 

resources which increases the spread of water-borne diseases 

such as typhoid fever, diarrhea, cholera, dysentery, etc. In 

Addis Ababa, Diarrhea is the second most common cause of 

death, with a serious outbreak in 2016 and the major culprit is 

the contact of feces with public water sources such as rivers 

that are used for domestic purposes by many people [5]. It is 

estimated that 2.3 billion people do not have access to basic 

sanitation systems [4], as at year 2015, these people still lacked 

access to a decent toilet in their homes [6]. According to WHO 

reports, in 2020, 20% of the global population (1.6 billion 

people) used toilets or latrines where excreta was safely 

disposed of in situ, while 78% of the world’s population (6.1 

billion people) used at least a basic sanitation service. In many 

underdeveloped and developing countries, the most common 

types of on-site sanitation are pit latrines (PLs) and septic 

tanks (STs) [7]. PLs and STs are essentially effective in 

achieving adequate and affordable sanitation in many parts of 

the world, but they come with disadvantages. 

The objective of this study was to determine the common 

impacts of septic tanks and pit latrines on soil and water. This 

is required to understand the side effects of these technologies, 

to improve sanitation in most African developing and under-

developed nations. Although there have been previous studies 

that addressed the effects of septic tanks and pit latrines on soil 

and water, this study provides a recent update on this topic and 

is focused on peri-urban areas. The focus is on peri-urban areas 

because most developing and underdeveloped countries are 

experiencing a rise in the development/spring-up of peri-urban 

areas. According to Thornton [8], peri-urban areas are a 

physical interface where complex rural-urban interactions take 

place. A peri-urban area is typically not spatially zoned, can 

be near a city center, and is occupied by poor households and 

the socially excluded [9]. Therefore, the findings of this study 

will be relevant in guiding decisions by urban and regional 
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planners as well as public health practitioners regarding the 

potential health risks associated with STs and PLs if not well 

managed. This study also provides possible cost-effective 

solutions to overcome the negative impacts of STs and PLs on 

soil and water and the overall environmental well-being. 

Industrialization and the rising population have resulted in 

the development of peri-urban areas around industrial areas 

where people can get more job opportunities. In the presence 

or absence of adequate town planning, septic tanks, and pit 

latrines can serve as a cost-effective, easily maintained, and 

user-friendly mode of onsite sanitation for many people. 

However, questions arise concerning the effects of STs and 

PLs on the surrounding soil and water. On their own, STs and 

PLs are not a threat to soil and water, but several factors such 

as maintenance, construction standards, usage, monitoring, 

site suitability, and number of users determine the effects of 

STs and PLs on soil and water. Since there are no adequate 

town planning and municipal services in most peri-urban areas, 

these factors are usually of poor quality, therefore, the STs and 

PLs result in increasing pollution levels in the soil and water 

of peri-urban areas. 

2. METHODOLOGY

This review paper aims to provide information concerning 

septic tanks and pit latrines including their construction, 

maintenance, factors affecting their performance as well as the 

possible management and mitigation strategies for the 

negative effects of these systems. The narrative review will 

help provide a general overview of the topic of septic tanks 

and pit latrines and their effects on soil and water. Therefore, 

a narrative approach was employed for the literature search 

and analysis to ensure that it captures specific studies focusing 

on the negative impacts of septic tanks and pit latrines on soil 

and water in the peri-urban areas of Africa. Articles 

concerning the use and construction of pit latrines and septic 

tanks, the environmental effects of pit latrines and septic tanks, 

and the solution to the negative effects of these systems were 

selected for this review study. Google Scholar and Scopus 

were the selected databases from which related articles were 

downloaded. The following keywords were used while 

searching for articles: “pit latrines”, “septic tanks”, “negative 

effects of septic tanks and pit latrines”, “effects of pit latrines 

and septic tanks on soil”, “effects of pit latrines and septic 

tanks on water”, “factors that affect the functioning of septic 

tanks and pit latrines”, “how to mitigate the effects of septic 

tanks and pit latrines”. All articles retrieved from the database 

search were checked for relevance to the study, by checking 

the title of the study. Only the studies whose titles depicted 

relevance to the study aim were included in the next stage, 

while nonrelevant ones were excluded. Afterward, the 

abstracts of the selected articles were read and checked closely 

for relevance, and only those that were conducted in Africa 

were selected for the study.  

3. THE USE OF PIT LATRINES (PLS) AND SEPTIC

TANKS (STS) AS ONSITE SANITATION SOLUTIONS

3.1 PLs 

Pit latrines are a type of toilet that collects feces and urine 

through a drop-hole on the floor. The top may be fitted with a 

toilet seat or a squatting pan. Pit latrines are usually used in 

most rural and disadvantaged parts of the world because they 

are easy to maintain, affordable, and can function with/without 

water. Another advantage of PLs is the fact that they reduce 

open defecation, thereby curbing the negative effects of this 

act on people and the environment. A pit latrine usually 

consists of a slab or floor with a hole in the ground. A major 

disadvantage of pit latrines is that they must be emptied from 

time to time or new ones have to be constructed when one gets 

full. 

3.2 Septic tanks (STs) 

STs are storage systems designed to contain raw domestic 

effluents including fecal matter. Typically, the denser 

materials settle at the bottom of the septic tank, while the 

liquid components are dispersed into the ground (absorbed by 

the surrounding soil). Septic tanks harbor a lot of pathogens 

that are associated with human wastes such as bacteria and 

other parasites that pose serious health risks to human beings 

when in contact [10]. A major risk associated with the septic 

tank system is the extensive installment of septic tanks in some 

areas, which end up saturating or overloading the soil, which 

prevents an effective natural effluent purification by the soil 

[11, 12], thus leading to contamination. In areas where 

sewerage systems are not in place, septic tanks are the most 

used alternatives for onsite sewage disposal and management 

[13]. Septic tanks are used in many parts of the world, 

especially in areas with no access to drainage facilities like 

peri-urban areas [7, 8], usually, a family of five will need their 

tank pumped out every 8-10 years on average. 

Although STs and PLs are very important sanitation 

infrastructures due to their low cost and their potential to help 

meet global sanitation targets [3, 4], there are many 

environmental risks associated with these sanitation 

infrastructures. These risks revolve around the discharge of 

chemical and microbial contaminants from the ST and PL 

systems into surface water, groundwater, and soil, which may 

negatively affect human health [3]. Considering Sustainable 

Development Goal Six (SDG 6), whose target is to have safely 

managed sanitation, a clean environment, and clean water, it 

is therefore important to understand the effects of septic tanks 

and pit latrines on soil and water with a specific focus on peri-

urban areas. While soil and water are affected adversely by 

pollution from pit latrines and septic tanks, there is a lack of 

information on the factors that promote pollution and the 

extent of pollution including the related health and 

environmental problems. 

4. NEGATIVE IMPACTS OF SEPTIC TANKS AND PIT

LATRINES ON SOIL AND WATER

Proper sanitation, water, and hygiene are important for 

development anywhere in the world. According to Kookana et 

al. [12], in most emerging economies (within and outside 

Africa), up to 90% of the peri-urban population relies on septic 

tanks. In developed countries such as the UK, only about 4% 

of the population still use small, private treatment works or 

septic tanks, although in Ireland, over one-third of the houses 

still use onsite sanitation like PLs and STs, about 13% of the 

Australian population, while approximately 25% of houses in 

the US still rely on STs [13]. Ideally, PLs, are designed to 

collect and store fecal sludge onsite, and are meant to be 
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covered over when full to allow the waste to decompose, but 

in some communities, they are used for other purposes (such 

as general waste disposal) that prevent proper decomposition. 

Likewise, the misuse of STs can result to clogging, giving rise 

to soil and water pollution. Table 1 provides some details of 

studies concerning soil and water pollution because of the 

impacts of STs and PLs. According to Debela et al. [5], 

communal pit latrines that are shared between several 

households are widespread in most peri-urban areas of 

Ethiopia. Most of these do not safely contain waste, causing 

the waste to end up in the environment where they pose health 

risks to the inhabitants. The unsafe waste containment could 

be because of poorly designed and poorly managed systems. 

This majorly happens because there is no available advice, 

support, or standards on the design and construction of latrines 

and other types of sanitation facilities [5].  

 

Table 1. The negative impacts of pit latrines and septic tanks on soil and water in peri-urban areas of Africa 

 
Study Contaminants/Parameters Region Findings 

PLs 

[14] 

Nitrates, electrical conductivity, 

chlorides, ammonia, and 

thermotolerant coliforms 

Harare, Zimbabwe 

Groundwater at the lowest end of the settlement had the poorest 

water quality. High contents of thermotolerant coliform indicated 

fecal material 

[15] Coliforms Ibadan, Nigeria 

Surrounding pit latrines impact groundwater, leading to biological 

contaminants that exceed the recommendation of WHO drinking 

water quality 

[16] Ammonium, nitrates, coliforms 
Marondera, 

Zimbabwe 

Prevalence of diarrhea was recorded, due to the interaction of the 

latrines with the water table (up to 25 m from the latrines) and 

structural failure of the latrines. Total and fecal coliforms 

exceeded WHO guidelines 

[17] E. coli 
Matlerekeng, South 

Africa 
Samples from domestic boreholes showed high E. coli 

[18] Physico-chemical parameters Lagos, Nigeria 

Boreholes and wells contained non-permissible levels of pH, 

hardness, total dissolved solids, and chloride. The heavy metal 

analysis revealed non-permissible levels of lead and nickel in all 

of the water samples, total bacteria and coliforms were above the 

permissible limits in all of the water samples 

[19] Enteric pathogens Maputo, Mozambique 
Soil samples from shared latrine entrances contained enteric 

pathogens as a result of fecal contamination 

[20] Coliforms Zanzibar, Tanzania 
In the squatter settlements, fecal coliform counts increased in the 

wells, with decreasing distance from pit latrines 

[9] Nitrates and phosphates Kampala, Uganda 
Nearby pit latrines are responsible for very high levels of NO3, 

NH4, and PO4 in shallow aquifers 

[21]  Sissala, Ghana 

Contamination of groundwater which is attributable to the siting 

of pit latrines with a depth above 2 m and within a 50 m radius 

downstream of the pit latrines 

[22] 
Nitrates, phosphates, and fecal 

coliforms 
Langas, Kenya 

Most wells were contaminated as a result of their proximity to pit 

latrines. Therefore, a safe well-pit latrine separation distance of 48 

m is recommended to avoid contamination 

[23] Enteric bacteria Cape Coast, Ghana 
98% of water samples from domestic wells (within 25 m) to septic 

tanks contained high enteric bacteria 

STs 

[24] Coliforms and salt content Cotonou, Benin Septic and sewerage contamination and seawater intrusion 

[25] Fungi Rivers, Nigeria Two fungal species were detected in septic tank-impacted soil 

[26] Coliforms Oyo, Nigeria 

Septic tank-impacted groundwater around schools showed 

microbial parameters that are above the WHO recommended limit 

of zero 

[27] Physicochemical parameters Kajiado, Kenya 

Total dissolved solids (TDS), conductivity, and sulfates in 

borehole water did not show any seasonal variation, unlike the 

other parameters. On the other hand, boreholes at least 70 m away 

from septic tanks had parameters within the World Health 

Organization (WHO) standards 

[28] Overall water quality Kenitra, Morocco 

There is no respect for the distance between 

septic tanks and wells, this affects the overall water quality in the 

study area 

[29] Coliforms Delta, Nigeria 
Hand-dug wells contained fecal coliform as a result of proximity 

to septic tanks 

[30] Sulfate, chloride and Streptococcus Ain Soltane, Algieria 
Sulfates, chloride, and bacteria are present in borehole water as a 

result of septic tank proximity 

[31] Coliform Gulu, Uganda 
The density of septic tanks around spring wells ultimately affects 

coliform counts and nitrate concentrations 

[32] 
E. coli and physicochemical 

parameters 
Abeokuta, Nigeria 

Infiltration of sewage into groundwater was indicated by high 

BOD, NO3-, and E. coli concentrations 

[33] Total and fecal Coliforms Lusaka, Zambia 

Bacterial contamination of borehole water as a result of 

infiltration from nearby septic tanks. Total coliform count of more 

than 10 per 100 ml was observed 
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Richards et al. [34] also point out that domestic wastewater 

may contain materials that are likely to pollute soil and water 

if not contained. Dissolved nutrient loads around STs and PLs 

result in heightened levels of heavy metals, pathogens (such as 

E. coli), nutrients (such as nitrates, phosphorus, ammonia, 

organic matter, suspended solids), pharmaceuticals, and other 

chemicals are all associated with STs and PLs and they 

determine the quality of water resources. All these find their 

way through the household chemicals and substances that are 

used and washed into the septic tanks such as (detergents, 

personal hygiene products, and food processing) or through 

substances consumed by human beings. For example, 

antibiotics are found in human urine and feces [34, 35]. Some 

studies have connected phosphorus pollution to septic tanks 

[36, 37]. In a study by Nyenje et al. [9], it was discovered that 

significant pollution to groundwater originated from the pit 

latrine site with nutrient loads increasing by factors of 1.7 for 

NO3, 10.5 for NH4, and 49 for PO4 [9]. Wright et al. [10] report 

chemical and biological contamination of groundwater in two 

peri-urban areas of Kenya where pit latrines are widely used. 

The groundwater quality parameters exceeded the WHO 

standards/guidelines. 

Due to inadequate pipe-borne water supply in Nigeria, most 

households have wells as sources of potable water. The wells 

are prone to contamination because most households also use 

septic tanks for sewage containment. Adetunji and Odetokun 

[38], confirm that the wells in the Agbowo community were 

on average, 15.24 m from septic tanks and had high TABC 

(4.76±1.41 log CFU/mL) and TCC (2.29±0.67 log CFU/mL) 

counts which exceeded the international standards based on 

the assessment of 40 wells in. They also noted that the TABC 

increased with a decrease in distance from the septic tanks. 

The proliferation of septic tanks has drastically increased the 

levels of nitrogen as an environmental pollutant in Chesapeake 

[39]. Once contaminated, it is difficult to decontaminate 

affected wells as evident in the study of Mester et al. [40] who 

found that after five years of dismantling a septic tank 

(pollution source), the nearby well still showed high pollutant 

levels although slightly positive changes were noticed.  

Septic tanks and pit latrines can attract pests like mosquitoes, 

rodents, and cockroaches, which may spread diseases. 

Research by Burke et al. [41] showed that in southeastern 

Puerto Rico, areas with septic tanks had high numbers of both 

adult and immature Aedes aegypti mosquitoes, especially 

where septic tanks were cracked or large. Additionally, septic 

tanks and pit latrines without proper bases can leak wastewater 

into nearby water bodies, harming aquatic life and promoting 

the growth of parasites [42].  

 

 

5. FACTORS THAT INFLUENCE THE EFFECTS OF  

PIT LATRINES AND SEPTIC TANKS IN THE 

ENVIRONMENT 

 

Several factors such as age, structural design, soil type, 

number of users, and system management all determine the 

effects of STs and PLs on the environment [43]. Each factor is 

discussed in this section. 

 

5.1 Age 

 

As pit latrines and septic tanks get older, they become 

saturated with wastes and, therefore, may fail to contain the 

wastes adequately especially in situations where the pits are 

used for holding domestic wastes as well. Although the feces 

dry up with time, the other components as well as structural 

incompetence may lead to collapse or leakage in the ST or PL 

systems. As time passes, feces get dehydrated, thus reducing 

weight and volume by up to 72% within 4 months. Also, with 

age, water activities reduce, although energy and nutrients are 

not reduced and biodegradation is not promoted. All in all, 

aging improves the drying and mechanical handling of feces 

and sludge in PLs and STs [43]. With time, poor maintenance 

may also result in the failure of the PL and ST structures.  

 

5.2 The structural design  

 

Ideally, the density of constructed PLs and STs should 

follow a range of lot sizes that are sure to protect groundwater. 

According to Perkins [44], the reasonable lot sizes that are sure 

to protect groundwater quality are from 0.2 to 0.4 ha. Although 

in most peri-urban settlements that lack proper planning, these 

lot sizes are not taken into consideration and there may be 

clusters of septic tanks in a particular area and they are likely 

to pollute groundwater. Generally, most PLs do not have 

physical barriers like concrete, therefore, the stored feces 

easily come in contact with the underlying soil, thus polluting 

soil and groundwater [3]. Also, poorly structured PLs are 

potential risks to the immediate environment [45]. A 

structurally poor ST or PL can collapse at any time causing 

harm to the users and their environment.  

 

5.3 Soil type 

 

The underlying soil type matters and sometimes determines 

how STs and PLs affect the immediate environment, 

especially soil and water. Alluvial sands are good materials 

that prevent groundwater pollution. Nyenje et al. [9], found 

that depending on the geochemical and hydrochemical 

conditions of underlying alluvial aquifers, they can provide 

reducing conditions that are effective for removing pollutant 

nutrients. Also, fine sandy soil is an effective filter medium for 

pit latrines and septic tanks by preventing the passage of 

bacteria and pollutant nutrients from entering the soil and 

water bodies. This was indicated by the study of Still and Nash 

[46], based on a study conducted in Maputaland, an area in 

KwaZulu-Natal, with many pit latrines and shallow wells. 

Highly permeable subsoils encourage the passage of pollutants 

to water bodies [47]. According to Appling et al. [48], clay 

soils also prove to be effective subsoils for PLs and STs 

because the clay materials adsorb and absorb pollutants [49], 

thus preventing the passage of pollutants into groundwater. 

Karst landscapes are prone to collapse thus releasing the 

contained wastes in STs and PLs to the soil, ground, and 

surface waters.  

 

5.4 Number of users 

 

The number of users of a facility will also affect how fast 

they become full and how diseases can be spread because more 

people are in contact with the facility. According to a study in 

Kampala Slum in Uganda, the number of users of a particular 

PL affects the sludge accumulation rates [50]. The higher the 

number of users, the lower the sludge accumulation rate, 

thereby posing a risk to soil and water resources. Also, more 

microorganisms and faster fill-up rates are expected as the 

number of users increases [50]. Mohamed [51] explains that 

there are many households in the United Kingdom with poorly 
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managed Septic tanks. This could be a result of multiple 

households sharing one ST and no one wants to be responsible 

for the maintenance of the STs, negatively affecting public 

health quality.  

 

5.5 Management of the system 

 

System management such as monitoring, cleaning, and 

maintenance also plays a huge role in how pit latrines and 

septic tanks affect the environment. For example, as a result of 

manual emptying of pit latrines in Kwazulu-Natal, South 

Africa, E. coli and Staphylococcus spp. were found on the 

skin, personal protective equipment, the municipal vehicle, 

and on various surfaces in households before and after 

emptying of the latrines [52]. Contact with the polluted 

surfaces poses a huge health risk to the community. 

 

5.6 Other environmental factors 

 

Environmental factors affect the performance of STs and 

PLs. Water is the major environmental component that 

negatively affects PLs and STs. For example, when the water 

table is high, there may be easy infiltration of pollutants into 

groundwater. Also, in flood-prone areas, the flood waters 

cause an overflow of the STs and PLs, thus resulting in the 

infiltration of contaminants into soil, groundwater, and nearby 

surface waters. A major reason for the fecal contamination of 

water resources is as a result of poor sanitation infrastructure 

[53, 54]. For instance, after the Cyclone Idai flooding in the 

year 2019, multiple pit latrines were flooded, resulting in 

pollution of the water table and boreholes in certain areas of 

Malawi, making their water supplies unsafe [54, 55]. 

According to Debela et al. [5], there is frequent contamination 

of shallow wells, ground and surface waters, and soil in some 

areas of Addis Ababa (Ethiopia) as a result of using PLs as a 

method of onsite sanitation. The most common contaminants 

are nutrients and A. lumbricoides, indicating the influence of 

human feces. 

 

 

6. SUSTAINABLE MANAGEMENT OF PIT LATRINES 

AND SEPTIC TANKS 

  

Septic tanks and pit latrines have served as excellent 

technology for onsite sanitation in many middle- and low-

income parts of the world. However, these technologies have 

also resulted in huge pollution issues, especially soil, surface, 

and groundwater pollution. In this section, solutions for 

mitigating and managing the problems associated with PLs 

and STs are presented. 

 

6.1 The application of adsorbents for purification 

 

Adsorbents are materials that trap or capture contaminants 

and prevent them from moving to other compartments. The 

most common examples are clay minerals and biochar [55, 56]. 

These adsorbent materials can be applied as liners on the 

surface and/or bottom of PLs and STs for the adsorption of 

organic and inorganic pollutants [57]. According to Mamera 

et al. [58], when applied to soil, biochar can serve as a cost-

effective material that holds heavy metals, and organic and 

inorganic pollutants in pit latrines and thus reduces 

contamination of soil and water [55]. While the biochar-

amended sludge can also be an economically beneficial by-

product [58]. Some other studies have successfully applied 

adsorbents such as fly ash, rice husk, sand particles, dry cow 

dung (as carbon source), etc. for the treatment of STs and PLs 

sludge to prevent water resource pollution [59-61].  

According to Mittal et al. [54], low-cost by-product wastes 

such as fly ash and rice husk, have proven to be effective for 

the removal of NO3− and PO4
3- from pit-toilet leachate. A 

mixture of air-dried cattle manure, sand, and gravel was used 

to reduce the chemical oxygen demand (COD) concentration 

in pit toilet sewage by 85% and ammonium by 77% [59]. Fly 

ash was applied as an additive in a synthetic pit toilet sludge, 

the additive reduced fecal coliform concentration by 98.9% 

after 28 days, but can cause environmental contamination with 

phosphate [60]. Therefore, pilot studies and adequate tests 

should be conducted before the final application of adsorbents 

for treatment. Sludge from ST was treated with rice husk and 

outer shell of dried Bael (Aegle marmelos) [61]. The results 

revealed that COD and BOD concentrations were significantly 

reduced.  

 

6.2 Improved adequate guidelines from respective 

governing bodies 

 

According to Beukes and Schmidt [52], most STs in peri-

urban areas are not professionally designed, likewise PLs. 

Therefore, there is a huge tendency for environmental 

pollution from these systems. Most of the guidelines and 

regulations available concerning STs and PLs are mainly 

focused on physical parameters. The government should 

implement guidelines on every aspect of PLs and STs, with 

details on the construction, maintenance, emptying, usage, 

number of users, density, cleaning, etc. For instance, the 

United States Agency for International Development (USAID) 

recommends that the pits should not be completely emptied. A 

small amount of digesting sludge should be left at the bottom 

to encourage the growth of microbes that will promote the 

decomposition of fresh sludge. Pits should be emptied when 

sludge is 0.5 meters from the top, and the bottom of the pit and 

tank should at least be about 1.5 meters above the highest 

seasonal groundwater level [62]. Incentives and sanctions 

should also be developed around the maintenance of PLs and 

STs through the available government policies [49]. Beukes 

and Schmidt [52] emphasized that when household sanitation 

is seen as a household responsibility, it is difficult to get 

commitment from relevant agencies and local authorities. 

Governments should work to improve sanitation services. In 

Burkina Faso, a partnership between the municipality and the 

water utility resulted in improved maintenance of latrines [51]. 

 

6.3 Manual emptying should be avoided 

 

In many areas, there is either no space to dig another pit, or 

it is cheaper for the owner to empty the pit than to build a new 

one. As a result, emptying fecal sludge from pits is necessary. 

Research suggests that manual pit emptying with buckets and 

shovels should be avoided [63]. In a peri-urban community 

(KwaZulu-Natal, South Africa) before and after manual 

emptying of ventilated improved pit latrines. There was a high 

detection frequency for bacteria on household surfaces and on 

municipal workers’ hands (which were frequently 

contaminated before pit emptying). This even increased after 

the pits were emptied, indicating that manual pit emptying 

might pose a potential health risk to workers and community 

members [51, 52]. Manual emptying also encourages disposal 
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close to water sources or residential areas, posing health and 

environmental risks [47]. Jenkins et al. [64] encourage the use 

of vacuum tankers as a hygienic mode of emptying PLs and 

STs.  

6.4 Frequent monitoring of surrounding water and soil 

Frequent characterization of environmental parameters 

(especially soil and water) is very important because they can 

help to easily detect the impacts of STs and PLs in an area at 

any given time [39]. In Malawi, important water quality 

parameters have been documented against standards and used 

to discern contamination from PLs [53]. Another way by 

which the impact of PLs and STs can be adequately monitored 

is to involve community members in the monitoring exercise. 

These programs can positively influence the responses of 

communities towards environmental sanitation and result in 

positive environmental changes in the local ecosystems [16]. 

6.5 Upgrading systems 

There have been some improved advancements in the 

design of STs and PLs. These improvements include a 

minimum depth of about 1.5 m, a foundation, a cover slab, and 

a framework with a vent pipe and a fly screen for the PLs [51, 

65] The ventilated improved pit (VIP) latrine, can greatly

improve sanitation in low- and middle-income communities.

These VIPs have multiple windows and insect screens for

better airflow and prevention of flies [66]. Of the South

African households with access to sanitation facilities,

approximately 17.2% use ventilated improved pit latrines

(VIPs), and 13.4% use non-ventilated pit latrines [67]. Despite

advancements, large parts of Africa are still predicted to use

poorly designed PLs. It was predicted that Nigeria would

increase the usage of unimproved pit latrines and open-pit

latrines, while a general increase in PLs usage was noted for

countries like Ghana, the Democratic Republic of Congo, and

Burundi between 2017 to 2019 [68]. In China, biogas septic

tanks have been introduced in small households for the direct

treatment of waste and the production of energy [69]. This

prevents contaminants from being released into the

environment and also has economic value for waste.

6.6 Awareness of the dangers or threats of STs and PLs on 

groundwater 

There are many benefits to improving the understanding of 

the related environmental risks of STs and PLs because many 

people really do not know and thus require some education on 

the issue. Governments and non-governmental organizations 

should prioritize awareness, by developing educational 

programs in communities to train households of the 

environmental and health risks associated with poorly 

maintained ST and PL systems and how to maintain these 

systems on their own. Martínez-Peña et al. [68], interviewed 

some women in the Yucatán peninsula of Mexico concerning 

water sources and the risk cleaning products pose to health and 

sewage. They found that the women were not aware of the 

city’s water management system, this being the case in many 

other countries. They found a positive and statistically 

significant association between risk perception and 

environmental awareness, education level, and employment 

status. Therefore, education and awareness concerning the 

environmental and health risks associated with poorly 

managed PLs and STs should be promoted. Outreach 

programs should also be promoted to ensure that adequate 

information and assistance reaches the concerned 

communities. Many people lack awareness of well, ST, and 

PL maintenance guidelines. Communication materials should 

be distributed. Also, many people believe that sensory 

evaluation is enough to know the basic quality of water. Such 

beliefs should be eradicated with adequate information and 

education [65]. Post signs and posters around STs and PLs 

should be promoted to stop users from dumping other waste 

materials in the PLs and to distribute the users evenly between 

all facilities [62].  

6.7 Adoption of smart technologies 

The use of advanced technologies for monitoring PLs and 

STs should be encouraged. This allows for timeous knowledge 

and responses to any associated risks. Oduah and Ogunye [70], 

developed a remote sensing device for the detection and 

monitoring of sewage levels in underground STs. This 

prevents the overflow of STs and minimizes the associated 

environmental risks, especially water pollution. According to 

Tyagi et al. [71], two-dimensional (2D)-material-based 

sensors are highly efficient and compatible with modern 

fabrication technology, to yield data that can be effectively 

applied for health and environmental monitoring. Winata and 

Haryono [72] used MQ-4 sensor and JSN-SR04T distance 

sensor to detect the volume of sludge and gas in STs to prevent 

damage to the environment and human health.  

7. CONCLUSIONS

Septic tanks and pit latrines are good technologies for onsite 

sanitation especially in low- to middle-class settings. It is 

noted that these systems are also responsible for many 

environmental pollution issues and the spread of diseases, 

especially waterborne diseases. The studies reviewed in this 

work show that soil and water (surface and groundwater) 

resources are susceptible to contamination by pit latrines and 

septic tanks. The key parameters of pollution are nitrates, 

phosphates, ammonia, dissolved solids, bacteria, fungi, and 

heavy metals. However, the negative environmental effects of 

these onsite sanitation systems can be mitigated through 

several measures such as adequate and realistic government 

policies around the construction and maintenance of pit 

latrines and septic tanks; frequent environmental monitoring; 

the use of natural amendments for onsite treatment; avoidance 

of manual emptying; upgrading the systems; adequate 

education concerning the environmental risks associated with 

pit latrines and septic tanks; frequent monitoring; and adoption 

of smart technologies. However, the limitation of this study 

arises from the fact that no standardized guidelines for the 

literature search and analysis. 

REFERENCES 

[1] The Britannica Dictionary.

https://www.britannica.com/dictionary/sanitation#:~:tex

t=%CB%8Cs%C3%A6n%C9%99%CB%88te%C9%A

A%CA%83%C9%99n%2F-,noun,can%20spread%20fr

om%20poor%20sanitation.

[2] Mara, D. (2012). Sanitation: What's the real problem?

2784



IDS Bulletin, 43(2): 86-92.

https://doi.org/10.1111/j.1759-5436.2012.00311.x 

[3] Graham, J.P., Polizzotto, M.L. (2013). Pit latrines and

their impacts on groundwater quality: A systematic

review. Environmental Health Perspectives, 121(5): 521-

530. https://doi.org/10.1289/ehp.1206028

[4] Shaw, K., Dorea, C.C. (2021). Biodegradation

mechanisms and functional microbiology in

conventional septic tanks: A systematic review and

meta-analysis. Environmental Science: Water Research

& Technology, 7(1): 144-155.

https://doi.org/10.1039/D0EW00795A

[5] Debela, T.H., Beyene, A., Tesfahun, E., Getaneh, A.,

Gize, A., Mekonnen, Z. (2018). Fecal contamination of

soil and water in sub-Saharan Africa cities: The case of

Addis Ababa, Ethiopia. Ecohydrology & Hydrobiology,

18(2): 225-230.

https://doi.org/10.1016/j.ecohyd.2017.10.003

[6] Gambrill, M., Thomas, S., Kennedy-Walker, R. (2019).

The health, safety and dignity of sanitation workers: A

blind spot in safely managed sanitation. The World Bank

Blog. https://blogs.worldbank.org/water/health-safety-

and-dignity-sanitation-workers-blind-spot-safely-

managed-sanitation.

[7] Withers, P.J., Jordan, P., May, L., Jarvie, H.P., Deal, N.E.

(2014). Do septic tank systems pose a hidden threat to

water quality? Frontiers in Ecology and the Environment,

12(2): 123-130. https://doi.org/10.1890/130131

[8] Thornton, A. (2008). Beyond the metropolis: Small town

case studies of urban and peri-urban agriculture in South

Africa. Urban Forum, 19: 243-262.

https://doi.org/10.1007/s12132-008-9036-7

[9] Nyenje, P.M., Foppen, J.W., Kulabako, R., Muwanga, A.,

Uhlenbrook, S. (2013). Nutrient pollution in shallow

aquifers underlying pit latrines and domestic solid waste

dumps in urban slums. Journal of Environmental

Management, 122: 15-24.

https://doi.org/10.1016/j.jenvman.2013.02.040

[10] Wright, J.A., Cronin, A., Okotto-Okotto, J., Yang, H.,

Pedley, S., Gundry, S.W. (2013). A spatial analysis of pit

latrine density and groundwater source contamination.

Environmental Monitoring and Assessment, 185: 4261-

4272. https://doi.org/10.1007/s10661-012-2866-8

[11] Cookey, P.E. (2013). Risks assessment of decentralized

wastewater treatment systems in Port Harcourt city,

Nigeria. Doctoral Dissertation, Asian Institute of

Technology.

[12] Kookana, R.S., Drechsel, P., Jamwal, P., Vanderzalm, J.

(2020). Urbanisation and emerging economies: Issues

and potential solutions for water and food security.

Science of the Total Environment, 732: 139057.

https://doi.org/10.1016/j.scitotenv.2020.139057

[13] Roxburgh, H., Hampshire, K., Kaliwo, T., Tilley, E.A.,

Oliver, D.M., Quilliam, R.S. (2020). Power, danger, and

secrecy—A socio-cultural examination of menstrual

waste management in urban Malawi. PLoS ONE, 15(6):

e0235339. https://doi.org/10.1371/journal.pone.0235339

[14] Ndoziya, A.T., Hoko, Z., Gumindoga, W. (2019).

Assessment of the impact of pit latrines on groundwater

contamination in Hopley Settlement, Harare, Zimbabwe.

Journal of Water, Sanitation and Hygiene for

Development, 9(3): 464-476.

http://doi.org/10.2166/washdev.2019.179

[15] Ahaneku, E., Adeoye, P.A. (2014). Impact of pit latrines

on groundwater quality of Foko Slum, Ibadan, South-

western Nigeria. British Journal of Applied Science & 

Technology, 4(3): 440-449. 

http://doi.org/10.9734/BJAST/2014/5079 

[16] Dzwairo, B., Hoko, Z., Love, D., Guzha, E. (2006).

Assessment of the impacts of pit latrines on groundwater

quality in rural areas: A case study from Marondera

district, Zimbabwe. Physics and Chemistry of the Earth,

Parts A/B/C, 31(15-16): 779-788.

https://doi.org/10.1016/j.pce.2006.08.031

[17] Raboshaba, M.S. (2019). Investigation of the impact of

pit latrines on groundwater in Matlerekeng area. Doctoral

Dissertation, North-West University (South Africa).

[18] Yahaya, T.O., Bashar, D.M., Liman, U.U., Umar, J.A.,

Abdulrahim, A., Gomo, C.B. (2023). Effects of pit

latrines on borehole and well water in Maryland, Lagos,

Nigeria. Journal of Advances in Environmental Health

Research, 11(1): 20-27.

https://doi.org/10.34172/JAEHR.2023.03

[19] Capone, D., Chigwechokha, P., de los Reyes III, F.L.,

Holm, R.H., Risk, B.B., Tilley, E., Brown, J. (2021).

Impact of sampling depth on pathogen detection in pit

latrines. PLoS Neglected Tropical Diseases, 15(3):

e0009176. https://doi.org/10.1371/journal.pntd.0009176

[20] Bakari, S.S., Suleiman, Z.N., Ali, H.R., Kai, K.H. (2023).

Impacts of pit latrines on groundwater quality in squatter

settlements in Zanzibar. Research Square.

https://doi.org/10.21203/rs.3.rs-2652203/v1

[21] Binado, T.K., Kpieta, A.B., Amoah, S.T. (2023).

Conflicting necessities: prefiguring pit latrine and quality

of groundwater linkages in Ghanaian communities.

International Journal of Energy and Water Resources,

7(2): 245-257. https://doi.org/10.1007/s42108-022-

00222-z

[22] Kiptum, C.K., Ndambuki, J.M. (2012). Well water

contamination by pit latrines: A case study of Langas.

International Journal of Water Resources and

Environmental Engineering, 4(2): 35-43.

https://doi.org/10.5897/IJWREE11.084

[23] Zume, J.T., Mariwah, S., Boateng, E.N. (2021).

Evaluating the impacts of on-site sanitation facilities and

saltwater intrusion on shallow groundwater quality in

peri-urban communities of Cape Coast, Ghana.

Environmental Monitoring and Assessment, 193: 264.

https://doi.org/10.1007/s10661-021-09059-1

[24] Houéménou, H., Tweed, S., Dobigny, G., et al. (2020).

Degradation of groundwater quality in expanding cities

in West Africa. A case study of the unregulated shallow

aquifer in Cotonou. Journal of Hydrology, 582: 124438.

https://doi.org/10.1016/j.jhydrol.2019.124438

[25] Iyanyi, N.G., Ataga, A.E., Obichi, E.A., Agbasoga, S.C.

(2021). Molecular characterisation of fungi associated

with sewage-impacted soil. Global Journal of Pure and

Applied Sciences, 27(2): 107-113.

https://doi.org/10.4314/gjpas.v27i2.3

[26] Sosanya, P.A., Remi-Esan, I.A. (2022). Septic tanks

contamination on groundwater quality around

elementary schools in Ibadan, Oyo State Nigeria. Federal

Polytechnic Ilaro Journal of Pure and Applied Sciences,

4(2): 85-95.

[27] Hinga, M. (2016). The effect of septic tanks sewage

disposal system distances on borehole water quality in

Ongata Rongai, Kajiado county, Kenya. Doctoral

dissertation, University of Nairobi.

2785

https://doi.org/10.1890/130131


 

[28] EL Halas, S., Charaf, B., Ouhssine, M., Hsi, B. (2020). 

The impact of septic tanks on the groundwater: Survey 

results in a rural area of Morocco, Africa. Pollution 

Research, 39(S): 192-195. 

[29] Farouq, A.U., Suru, H.U., Uwerevu, E.O., Ikpesu, J.E. 

(2018). Effects of septic tank on the quality of 

groundwater from hand-dug wells in Effurun, Delta State, 

Nigeria. International Research Journal of Advanced 

Engineering and Science, 3(1): 137-141. 

[30] Bouderbala, A. (2019). Human impact of septic tank 

effluent on groundwater quality in the rural area of Ain 

Soltane (Ain Defla), Algeria. Environmental & Socio-

Economic Studies, 7(2): 1-9. 

https://doi.org/10.2478/environ-2019-0007 

[31] Arwenyo, B., Wasswa, J., Nyeko, M., Kasozi, G.N. 

(2017). The impact of septic systems density and 

nearness to spring water points, on water quality. African 

Journal of Environmental Science and Technology, 11(1): 

11-18. https://doi.org/10.5897/AJEST2016.2216 

[32] Olatunde, K., Sarumi, M., Abdulsalaam, S., Bada, B., 

Oyebanji, F. (2021). Effect of modified septic tank on 

groundwater quality around Federal University of 

Agriculture, Abeokuta, South-west Nigeria. Applied 

Environmental Research, 43(1): 73-89. 

[33] Banda, L.J., Mbewe, A.R., Nzala, S.H., Halwindi, H. 

(2014). Effect of siting boreholes and septic tanks on 

groundwater quality in St. Bonaventure township of 

Lusaka District, Zambia. International Journal of 

Environmental Science and Toxicology Research, 2(9): 

191-198. 

[34] Richards, S., Paterson, E., Withers, P.J., Stutter, M. 

(2016). Septic tank discharges as multi-pollutant 

hotspots in catchments. Science of the Total 

Environment, 542: 854-863. 

https://doi.org/10.1016/j.scitotenv.2015.10.160 

[35] Norouzian, H., Katouli, M., Shahrokhi, N., Sabeti, S., 

Pooya, M., Bouzari, S. (2019). The relationship between 

phylogenetic groups and antibiotic susceptibility patterns 

of Escherichia coli strains isolated from feces and urine 

of patients with acute or recurrent urinary tract infection. 

Iranian Journal of Microbiology, 11(6): 478. 

[36] Mechtensimer, S., Toor, G.S. (2017). Septic systems 

contribution to phosphorus in shallow groundwater: 

Field-scale studies using conventional drain field designs. 

PLoS One, 12(1): e0170304. 

https://doi.org/10.1371/journal.pone.0170304 

[37] Tan, L., Zhang, C., Liu, F., et al. (2021). Three-

compartment septic tanks as sustainable on-site treatment 

facilities? Watch out for the potential dissemination of 

human-associated pathogens and antibiotic resistance. 

Journal of Environmental Management, 300: 113709. 

https://doi.org/10.1016/j.jenvman.2021.113709 

[38] Adetunji, V., Odetokun, I.A. (2011). Groundwater 

contamination in Agbowo community, Ibadan Nigeria: 

Impact of septic tanks distances to wells. Malaysian 

Journal of Microbiology. 

https://doi.org/10.21161/MJM.33011 

[39] Reay, W. (2004). Septic tank impacts on ground water 

quality and nearshore sediment nutrient flux. Ground 

Water, 42(7): 1079–1089. 

https://doi.org/10.1111/j.1745-6584.2004.tb02645.x 

[40] Mester, T., Balla, D., Karancsi, G., Bessenyei, É., Szabó, 

G. (2019). Eects of nitrogen loading from domestic 

wastewater on groundwater quality. Water SA, 45(3): 

349-358. http://doi.org/10.17159/wsa/2019.v45.i3.6731 

[41] Burke, R., Barrera, R., Lewis, M., Kluchinsky, T., 

Claborn, D. (2010). Septic tanks as larval habitats for the 

mosquitoes Aedes aegypti and Culex quinquefasciatus in 

Playa‐Playita, Puerto Rico. Medical and Veterinary 

Entomology, 24(2): 117-123. 

https://doi.org/10.1111/j.1365-2915.2010.00864.x 

[42] Daka, F.D. (2019). Mitigating the effects of septic tank 

effluents from households on groundwater quality: A 

case of Meanwood-Kwamwena, Lusaka. Doctoral 

Dissertation, University of Zambia. 

[43] Norris, J. (2000). Sludge Build-Up in Septic Tanks, 

Biological Digesters and Pit Latrines in South Africa. 

WRC, ed. 

[44] Perkins, R.J. (2018). Onsite Wastewater Disposal. CRC 

Press.  

[45] Othoo, C.O., Dulo, S.O., Olago, D.O., Ayah, R. (2020). 

Effects of shallow water table on the construction of pit 

latrines and shallow wells in the informal settlements of 

Kisumu city. Sanitation Value Chain, 4(2): 3-18. 

http://doi.org/10.34416/svc.00020 

[46] Still, D.A., Nash, S.R. (2002). Groundwater 

contamination due to pit latrines located in a sandy 

aquifer: A case study from Maputaland. In Water 

Institute of Southern Africa Biennial Conference, 

Durban, South Africa: Water Institute of Southern Africa. 

[47] Gill, K. (2009). A primary evaluation of service delivery 

under the National Rural Health Mission (NRHM): 

Findings from a study in Andhra Pradesh, Uttar Pradesh, 

Bihar and Rajasthan. Planning Commission of India, 

Government of India. 

[48] Appling, A.P., Bernhardt, E.S., Stanford, J.A. (2014). 

Floodplain biogeochemical mosaics: A 

multidimensional view of alluvial soils. Journal of 

Geophysical Research: Biogeosciences, 119(8): 1538-

1553. https://doi.org/10.1002/2013JG002543 

[49] Otunola, B.O., Ololade, O.O. (2020). A review on the 

application of clay minerals as heavy metal adsorbents 

for remediation purposes. Environmental Technology & 

Innovation, 18: 100692. 

https://doi.org/10.1016/j.eti.2020.100692 

[50] Zziwa, A., Lugali, Y., Wanyama, J., et al. (2016). 

Contextual investigation of factors affecting sludge 

accumulation rates in lined pit latrines within Kampala 

slum areas, Uganda. Water SA, 42(3): 490-495.  

[51] Mohamed, R. (2009). Why households in the United 

States do not maintain their septic systems and why state-

led regulations are necessary: Explanations from public 

goods theory. International Journal of Sustainable 

Development and Planning, 4(2): 143-157. 

https://doi.org/10.2495/SDP-V4-N2-143-157. 

[52] Beukes, L.S., Schmidt, S. (2022). Manual emptying of 

ventilated improved pit latrines and hygiene challenges-

A baseline survey in a peri-urban community in 

KwaZulu-Natal, South Africa. International Journal of 

Environmental Health Research, 32(5): 1043-1054. 

[53] Joshua, M.D., Tompkins, E., Schreckenberg, K., 

Ngongondo, C., Gondwe, E., Chiotha, S. (2022). Water 

policy and resilience of potable water infrastructure to 

climate risks in rural Malawi. Physics and Chemistry of 

the Earth, Parts A/B/C, 127: 103155. 

https://doi.org/10.1016/j.pce.2022.103155 

2786



[54] Mittal, A., Singh, R., Chakma, S., Goel, G. (2020).

Permeable reactive barrier technology for the

remediation of groundwater contaminated with nitrate

and phosphate resulted from pit-toilet leachate. Journal

of Water Process Engineering, 37: 101471.

https://doi.org/10.1016/j.jwpe.2020.101471

[55] Rivett, M.O., Tremblay-Levesque, L.C., Carter, R., et al.

(2022). Acute health risks to community hand-pumped

groundwater supplies following Cyclone Idai flooding.

Science of the Total Environment, 806: 150598.

https://doi.org/10.1016/j.scitotenv.2021.150598

[56] Saxena, S., Den, W. (2022). In situ treatment

technologies for pit latrines to mitigate groundwater

contamination by fecal pathogens: A review of recent

technical advances. Journal of Water, Sanitation and

Hygiene for Development, 12(1): 102-115.

https://doi.org/10.2166/washdev.2021.184

[57] Verma, R., Sengupta, S., Anand, S. (2020). Toolkit:

Managing faecal sludge in rural areas. New Delhi: Centre

for Science and Environment.

https://www.cseindia.org/toolkit-managing-faecal-

sludge-in-rural-areas-10059.

[58] Mamera, M., van Tol, J.J., Aghoghovwia, M.P., et al.

(2021). Potential use of biochar in pit latrines as a faecal

sludge management strategy to reduce water resource

contaminations: A review. Applied Sciences, 11(24):

11772. https://doi.org/10.3390/app112411772

[59] Rao, S.M., Arkenadan, L., Mogili, N.V., Atishaya, S.K.,

Anthony, P. (2017). Bioremediation of pit toilet sewage.

Journal of Environmental Engineering and Science,

12(2): 26-33.

[60] Collings, D., Tandlich, R., Dube, C.S., Madikizela, P.,

Ngqwala, N.P., Ahmed, M. (2019). Preliminary study on

the potential use of fly ash as a ventilated improved pit

latrine additive. The Journal of Solid Waste Technology

and Management, 45(4): 395-402.

https://doi.org/10.5276/JSWTM/2019.395

[61] Prasanna, K., Annadurai, R., Godson, M.D., Murali, A.,

Ashok, I., Krishnan, M.V. (2021). Treatment of septic

tank effluent using sequencing batch reactor along with

the incorporation of rice husk and Bael pericarp as a

natural adsorbent in reducing BOD and COD. IOP

Conference Series: Materials Science and Engineering,

1101(1): 012021. https://doi.org/10.1088/1757-

899X/1101/1/012021

[62] USAID. (2023). Critical Points Affecting Pit Filling

Rates in Emergency Settings.

https://pdf.usaid.gov/pdf_docs/PA00ZCVC.pdf.

[63] Sisco, T., Rogers, T., Beckwith, W., Chipeta, W., Holm,

R., Buckley, C.A., de los Reyes III, F.L. (2017). Trash

removal methods for improved mechanical emptying of

pit latrines using a screw auger. Journal of Water, 

Sanitation and Hygiene for Development, 7(1): 85-91. 

https://doi.org/10.2166/washdev.2017.106 

[64] Jenkins, M.W., Cumming, O., Cairncross, S. (2015). Pit

latrine emptying behavior and demand for sanitation

services in Dar Es Salaam, Tanzania. International

Journal of Environmental Research and Public Health,

12(3): 2588-2611.

https://doi.org/10.3390/ijerph120302588

[65] Back, J.O., Rivett, M.O., Hinz, L.B., et al. (2018). Risk

assessment to groundwater of pit latrine rural sanitation

policy in developing country settings. Science of the

Total Environment, 613: 592-610.

https://doi.org/10.1016/j.scitotenv.2017.09.071

[66] Martínez-Peña, R.M., Hoogesteijn, A.L., Rothenberg,

S.J., Cervera-Montejano, M.D., Pacheco-Ávila, J.G.

(2013). Cleaning products, environmental awareness and

risk perception in Mérida, Mexico. PLoS One, 8(8):

e74352. https://doi.org/10.1371/journal.pone.0074352

[67] Obeng, P.A., Oduro-Kwarteng, S., Keraita, B., Bregnhøj,

H., Abaidoo, R.C., Awuah, E., Konradsen, F. (2019).

Redesigning the ventilated improved pit latrine for use in

built-up low-income settings. Journal of Water,

Sanitation and Hygiene for Development, 9(2): 374-379.

https://doi.org/10.2166/washdev.2019.098

[68] Atangana, E., Oberholster, P.J. (2023). Assessment of

water, sanitation, and hygiene target and theoretical

modeling to determine sanitation success in sub-Saharan

Africa. Environment, Development and Sustainability,

25(11): 13353-13377. https://doi.org/10.1007/s10668-

022-02620-z

[69] Deng, L., Liu, Y., Zheng, D., et al. (2017). Application

and development of biogas technology for the treatment

of waste in China. Renewable and Sustainable Energy

Reviews, 70: 845-851.

https://doi.org/10.1016/j.rser.2016.11.265

[70] Oduah, U.I., Ogunye, E.B. (2023). A smart solution for

preventing environmental pollution caused by

overflowing onsite sewage septic tank. Heliyon, 9(4):

e14925. https://doi.org/10.1016/j.heliyon.2023.e14925

[71] Tyagi, D., Wang, H., Huang, W., et al. (2020). Recent

advances in two-dimensional-material-based sensing

technology toward health and environmental monitoring

applications. Nanoscale, 12(6): 3535-3559.

https://doi.org/10.1039/C9NR10178K

[72] Winata, S., Haryono, H. (2023). Development of septic

tank monitoring system through sensor technology and

augmented reality. JINAV: Journal of Information and

Visualization, 4(2): 126-133.

https://doi.org/10.35877/454RI.jinav1738

2787

https://doi.org/10.1016/j.scitotenv.2021.150598



