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Abstract:  Concrete would be the most utilized material by humans, with global annual use of 25x1012–30x1012 kilograms. The 

fast-developing Addis Ababa consumes quite a high volume of concrete produced either from stationary or mobile 

mixers, with a vivid and undesirable consequence on aquatic and terrestrial ecosystems. However, no such study has 

ever been conducted to bring it to the attention of the relevant stakeholders and the scientific community. The 

objective of the current study was to shed light on the aquatic ecosystem impacts of concrete batch plants in Ethiopia. 

A quantitative and qualitative evaluation of such plants was performed using a cross-sectional design and basing it on 

a lifecycle and inventory study; regulation review, field data collection and analysis, and a survey of the public and 

institutional representatives were performed. The batch plants are located typically in three sub-cities of Addis Ababa, 

and most were commissioned during the years 2020 and 2022. A snapshot of the chemical analysis of water samples 

from the streams located adjacent to these concrete-producing plants indicated a pH of 11.4 ±1, total chemical oxygen 

demand of 10700 ±870 mg/l, SO4
2- of 1325 ±60 mg/l, and NO3- of 17.5 ±0.2 mg/l, which was found. The adjacent 

rivers are dried up.  In fact, the regulatory and permit issuances to those particular plants are ineffective, worsening 

the environmental impact. 
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1. INTRODUCTION 

Basically, our lives and livelihoods are directly or indirectly dependent on the natural and 

engineered environmental systems whereby healthy urban streams and ecosystems are vital to cities 

with provisions ranging from water to food and air temperature regulation (Pandey and Ghosh 

2023; Ranta et al. 2021; Raquel Calapez et al. 2023). Likewise, urbanization and population growth 

demand accelerated development accompanied by massive consumer production. Unfortunately, the 

urban and industrial development activities are posing threats to the rivers and terrestrial 

ecosystems on a local and regional scale if an environmental management system standard is not 

observed (Malmqvist and Rundle 2002). In spite of their huge positive implications, the rapid 

development activities and urbanization are abstracting the natural water on one side as raw 

material and are polluting back on the other side with resulting wastewater discharges, signaling the 

unsustainability of not only the water bodies but also of other socioeconomic developments 

(McMichael 2000; Srinivasan et al. 2003). In order to ensure urban ecosystem sustainability, 

therefore, the anthropogenic effects on natural systems such as the urban rivers have to be 

minimized, and if possible, be avoided. For developing and fast-urbanizing sub-Saharan countries 

like Ethiopia, timely reconciling of the socioeconomic development activities with nature, such as 

through avoiding water pollution in an integrated as well as adaptive approach, appears demanding.  

The centers of productivity, the natural water bodies that contribute to temperature regulation, 

water and food supply, the sites for the urbanites’ recreation, and more-the rivers, became open 

channels for wastewater flows and other kinds of waste dumping in Ethiopia’s capital, Addis Ababa 

(Tibebu et al. 2022). This wastewater is partly coming from industries that are unfairly 

commissioned along riverbanks and are poorly regulated, already became seriously concerning. 

Locally, a significant proportion (80-85%) of these industries are concentrated in and around Addis 
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Ababa, accounting for over 65% of the total national, that are discharging their process wastewater 

without proper treatment into adjacent streams or rivers (Yohannes and Elias 2017). 

A sector among those polluters is the construction industry. The huge expansion of the 

construction activities in Ethiopia, mainly concentrated in the capital, is heavily demanding for 

concrete supplies, which consequently triggered the boom in Concrete Batch Plants (CBPs) among 

other construction materials suppliers. Concrete is a type of construction material in which cement, 

aggregate, and admixture materials are mixed (Kim et al. 2016), and in fact it is the second most 

consumed material after water in the world (Gagg 2014). CBPs by process are connections of 

mechanical parts that are either mobile or fixed in a given area and are designed to weigh water, 

cement, aggregates, and admixtures and introduce the ingredients into the mixer for producing a 

batch of concrete (Deligiannis and Manesis 2008). Though concrete batching can be performed 

using either mobile or stationary mixers, this particular study focuses on the stationary CBPs in 

Addis Ababa, Ethiopia.  

In its whole life cycle, concrete production has had environmental issues that include the 

generation of greenhouse gases, increased surface runoff following sand mining, urban heat islands, 

and potential public health implications from toxic ingredients (Miller and Moore 2020). These 

plants are mostly located adjacent to river passages, thereby abstracting their water demand and 

dumping concrete residues, wash discharges, and mixed wastewaters back to the rivers (demissew 

2020). Such expansion of CBPs is defeating aquatic ecosystems in the capital, thereby resulting in 

the destruction of the aquatic biodiversity in addition to their visible particulate air pollution (Cooke 

et al. 2020). In spite of the rapid urbanization of Ethiopia and the booming of the construction 

industry, there is no such local study reporting on the environmental and public health impact 

(EPHI) of concrete production in general and the CBPs in particular.  

In this regard, both the industrial practice and the context of the enabling environment are 

unclear. Research questions such as 1) Are the CBPs in the city properly recorded, commissioned, 

and monitored or regulated? 2) How are the byproducts and wastes from the CBPs impacting rivers 

nearby? and 3) What are the views of nearby residents and the mandated institutions? Thus, the 

current study aimed to explore the aquatic environmental health impacts of CBPs with emphasis on 

streams in Addis Ababa using a mix of methods.  

2. METHODOLOGY 

2.1 Concrete material description   

Though concrete is not the only material of construction, it is the most consumed material after 

water (Gagg 2014). According to People’s Daily Online news, so far the largest concrete pour in a 

single project took place decades back during the construction of  the Three Gorgeous Dam of 

China, consuming 28x10^6 m3, followed by an earlier construction of the Itaipu hydropower station 

of Brazil that consumed an annual concrete pouring volume of 3.2x10^6 m3 (PDO 2001).  

Ethiopia is among the least urbanized but fast-urbanizing countries in the world, signaling the 

potential expansion of infrastructure whereby construction projects that consume concrete are at 

stake (Ozlu et al. 2015). Urbanization brings both opportunities and challenges, especially those 

related to sustainable development through wise consumption of resources and environmental 

protection. Indeed, by 2050, 68% of the world’s population will live in urban areas, and 90% of 

such growth will be contributed by Asia and Africa (Terfa et al. 2019).  

Addis Ababa, a fast-urbanizing city in Ethiopia, currently undergoes two kinds of 

transformations: an outward expansion and inner-city renovation with, in fact, attention being given 

to rivers’ restoration within the inner city.  

As fast urbanization brought construction of the high-rise buildings for residences like those 

condominium houses and apartments, commercial centers, public and private institutions, and 
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roads, as well as bridges and related structures, the massive consumption of concrete is inevitable. 

However, such consumption of concrete is resulting in public and environmental issues. From 

cement production, stone crushing, sand mining to water abstraction, the concrete industry poses 

environmental impacts that include air pollution, water pollution,  and increased runoffs (Babor et 

al. 2009).  

In order to enjoy the full health, productivity, religious, and socio-economic potentials of water 

bodies, including the urban rivers, countries, regions and international bodies have developed 

frameworks, policies, and strategies that consider rivers protection from pollution and restoration 

(Savenije and Van der Zaag 2000; Speed et al. 2016; UN Environment 2017; Wiering and Arts 

2006). In this regard, Ethiopia made some effort to restore urban rivers, at least in selected cities 

like Addis Ababa and Jimma (Awoke et al. 2016). Unfortunately, in the absence of strong legal and 

institutional frameworks for urban river protections, urbanization will have a serious impact on the 

ecological integrity of the rivers and hence affect urbanites as a consequence of pollution against 

benefitting from the privileges of healthy urban rivers (Beyene et al. 2009). Thus, studies that focus 

on inter-sectoral issues that include construction, trade, and the environment will have great 

contributions in influencing policies and contributing scientific information to stakeholders for their 

subsequent intervention as well as filling existing knowledge gaps.  

Furthermore, the abiotic environment is always interacting with the biotic environment, serving 

as a source and sink for various substances, whereby its proper management is mandatory, not just 

to enjoy the full resources but also to ensure sustainability in interactions (Group 2006; Lemly 

1997; Wangai et al. 2016). Such a physicochemical environment includes the aquatic environs 

where one of the most required needs of humans, perhaps next to air/oxygen, is met-water. Such 

aquatic systems include rivers that are in continuous interaction with hydro-geochemical cycles so 

as to keep a healthy and productive ecosystem (Mondal and Patel 2022). When it comes to urban 

settings, the importance of rivers is beyond the provision of ecosystem services such that 

recreational, transport, and other socioeconomic benefits are few to mention (Leal Filho et al. 2020; 

Lundy and Wade 2011; Ma et al. 2022). However, such ecosystems are under pressure following 

urbanization, industrialization, and rapid population growth (Xiu et al. 2022), especially in 

developing countries like Ethiopia (Koroso et al. 2021; Yohannes and Elias 2017).  

Such ecosystem services provisions are indispensable to social development (Xiu et al. 2022). 

Traditionally, river health is measured using some physical, chemical, and biological characteristics 

that are assumed to be healthy for the ecosystem’s functioning and the protection of public health. 

For instance, the amount or concentration of the dissolved oxygen (DO) can be a good indicator. A 

study by Liu and Liu (Liu and Liu 2009) describes a healthy river in the context of its social and 

ecosystem services, whereby the social and natural functions of a river have to perform in balance. 

While quality is a subjective and generic term, an abundant and clean flow of rivers is suggested as 

a key parameter to river health, as the environmental flows are very important to safeguard the 

river’s health (Karr 1999). In fact, rivers and cities or urban settings are historic, and their 

interaction is established (Phong 2015).   

2.2 Study area 

Addis Ababa has an altitude ranging from 3000 m above sea level around Entoto Mountain down 

to 2100 m above sea level around Akaki. This fast-urbanizing city is incomparably the largest in the 

nation. Addis Ababa is playing the political and economic role of the country, with almost over 

65% of the industries in the country concentrated in and around it, while it is undergoing huge 

vertical and horizontal expansion. Currently, it is renovating massively, whereby high-rise building 

constructions are vivid everywhere. The context of the urban environment is concerning, as the 

rapid population growth and urbanization of Addis Ababa have been putting tremendous pressures 

on the city’s physical and biotic environment. River, soil, air, and water pollution as a result of 

industrial wastes and even domestic wastes are becoming a growing concern. 
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2.3 Study design, method and sampling 

The current study has applied a cross-sectional design whereby it has been conducted within two 

seasons of a year.  

A mix of methods was applied to understand the environmental pressure mainly by CBPs on the 

urban streams, the quantitative context of CBPs, mandate and institutional circumstances, as well as 

that of concrete consumption. Based on initial observation and preliminary information, areas in 

Bole, Yeka, and Akaki Kaliti sub-cities were identified for investigating aquatic ecosystem impacts 

of CBPs in Addis Ababa, Ethiopia.  

Regarding sampling, upon refined information regarding CBP’s installations in the city, Bole 

sub-city was selected as the area of focus. Bole sub city is one of the eleven sub cities that is 

expansive and is a place where huge urban infrastructure is located, including Bole International 

Airport, and is perhaps the most developed area of the city. Of those districts under Bole sub-city, 

district 12 is relatively peripheral and is still expanding as it is not bounded spatially like other sub-

cities, and most of the city’s CBPs are located in this particular district.  

There are numerous CBPs adjacent to the tributary streams of the Akaki River. Most of the 

processing plants are functional at present. Within those CBPs in the Bole district, two located on 

both sides of a seasonal stream flowing through the Bole International Airport catchment down to 

the Akaki River were identified. The water sampling strategy is also presented (Table 1). In order to 

account for the effects of the CBP, triplicate samples of water were collected at different locations 

of the stream, which are above stream, midstream, and downstream points. Further, residents 

around those plants were also interviewed systematically to get key information on the quality 

history and functionality trend of the streams.  

 

Table 1. Sampling sites (US: Up Stream, DS: Down Stream, CBP1,2: Concrete batch plants 1 and 2 that face each 

other and the stream being in between) 

Sites Designation Remarks 

1 US (appx.100 m above CBP1,2) Control 

2 CBPs 1,2 Effluent effect 

3 DS (appx.200 m below CBP1,2) Dilution effect  

 

At the CBP’s sampling point (at Site 2), process effluent and concrete wash wastewater are 

discharged directly to the stream. There were two additional sampling points arranged upward of 

the stream, namely Site 1 (UP:  the upstream sampling site was located at an estimated distance of 

100 m above the effluent entering point) and Site 3 (DS: the downstream sampling site was located 

some 200 m after the effluent entry point). Schematic representations of sampling sites are depicted 

(Figure 1). 

 

Figure 1. The water sampling points of the adjacent stream. 
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2.4 Data collection 

2.4.1 Secondary data sources 

Fundamentally, construction input manufacturers’ data that include CBPs were searched from 

different stakeholders using official letter communications and visiting websites. To this matter, 

several publicly mandated sectors, such as the Customs Authority of Ethiopia, the Ministry of Trade 

and Industry of the country, sub-city Administrations, and personnel, were contacted to gain access 

to relevant information. Fortunately, a list of them and their attributes was collected from the Addis 

Ababa Environmental Protection Authority (AAEPA).  

Scientific and technical reports were also accessed through various means, such as through 

formal letter communications, and were reviewed for possible synthesis on the state of the art in 

concrete production and its lifecycle, consumption, and their associated environmental concerns 

from a global to local scale.  

2.4.2 Key informant interview 

Six key informants were selected using purposive sampling techniques in order to gather detailed 

information through face-to-face interviews. The criteria of selection for informants were largely 

based on their closeness to CBPs. Interviews were taken place using questions prepared beforehand, 

which were crucial to the objective of the study and to support the information gained through the 

observation.  

2.4.3 Observational checklist 

Before site visits, observation checklists were prepared that contain relevant points with regard 

to CBPs in order to observe the different environmental characteristics of the study area. In this 

regard, the urban rivers adjacent to CBPs were observed ideally sectioning the upstream, 

midstream, and downstream contexts. The soil and other topographic context were also observed. In 

fact, the CBP’s batching operation that included the input materials and chemicals was also 

included.   

2.4.4 Physicochemical water sample analysis 

Triplicate water/wastewater samples were collected within two weeks from the three sampling 

points as indicated in figure one. All the water samples were collected using clean polyethylene 

plastic bottles, which were labeled on-site appropriately. The samples were stored in an icebox and 

transported to the AAEPA laboratory for analysis. Selected physicochemical parameters were 

analyzed according to accepted standard methods within the premises of the AAEPA laboratory that 

are comparable to other international standards (APHA; WWA & WEF 1999). The pH was tested 

using the electrometric method, which was determined using a glass electrode and a reference 

electrode according to the USEPA-NERL: 150.1 (LaSota et al.). Sulfate was analyzed using the 

Sulfaver 4 method, which was also accepted by USEPA for a specified concentration range (Hatch 

Method 8051) and using DR/2010 (Mbui et al. 2016). The nitrate concentration was determined 

using spectrophotometry in a cadmium reduction method (Cortas and Wakid 1990). This 

colorimetric method involves the contact of nitrate in the sample with cadmium, which will then 

form a red color in steps, and the color is later measured at a wavelength of 543 nm using a 

DR/2000 instrument. The total chemical oxygen demand (COD) was determined using the USEPA 

Reactor Digestion Method (Xia et al. 2018).  

2.5 Data analysis 

The questionnaire and the checklist were cleaned and tested before data were collected. 



56 G.D. Gebreeyessus et al. 

Experimental data were also obtained from AAEPA lab premise. Data were then entered into 

spreadsheet and mostly presented in a descriptive statists approach.  

3. RESULTS AND DISCUSSION 

3.1 Concrete production in Addis Ababa city: profile, environmental hygiene and mandate 

contexts 

CBPs appears environmentally critical and also demand consideration for their wider public 

health impacts. The sites of production evidenced solid piles of concrete waste that were thrown 

into adjacent streams and did block them, and grey wastewater is forming large pool down the slope 

of the site. The issue of concern with this particular construction input supplier begins with the 

issuance of the permit in the country or city. Though technically appearing relevant, the offer of 

work permits to commission the CBPs in the capital of Ethiopia is not solely performed by the 

AAEPA. Permits are issued by different institutions at different levels, from federal to local, which 

may have a stake in the construction, trade, and industry sectors. Though issuing permits and 

regulating pollution limits is environmentally critical, the mandate for permits is very much diffused 

(Novotny 2002). In the interest of uncovering the local context of large-scale and static batch 

concrete production in the city, the current study managed to acquire quantitative information on 

such process plant profiles where their permit is offered (Chen et al. 2019; Jahiel 1998) by the 

AAEPA, and therefore results may not be exhaustive. Interestingly, the acquired quantitative 

information is broader in scope in the context of construction works, as it ranges from quarry sites 

to installation of batch concrete and asphalt-making plants.  

According to AAEPA, there are around 470 construction input suppliers, including those batch 

concrete makers in and around the city since 2008. Indeed, some of them got their permits revoked, 

mainly due to the maturity of the period, as it has to be renewed. The construction input suppliers 

are categorized based on their product or service into white stone, black stone, crushers, sand, filler 

gravels, and the batching plants. The quarry sites for these suppliers’ range between one and 600 m2 

by occupancy, and all are exclusively private entities. Based on the data accessed, it appears that the 

distribution of CBPs in the capital appears to be unequal, most being concentrated mainly in two 

sub-cities; Bole and Akaki Kaliti.  This might be associated with the nearness to raw materials, the 

availability of land area, and the relative intensity of constructions activities undergoing (Table 2). 

In fact, these two and Lemi Kura sub cities are not confined territorially and have better access to 

minerals and land.   

 

Table 2. Lists concrete batch and asphalt plants and their location in Addis Ababa 

CBPs Sub city District Year established Shape area (m2) 

CBP1 Akaki 11 2020 37948 

CBP2 Bole 12 2020 10394 

CBP3 Akaki 9 2022 26820 

CBP4 Bole 12 2022 19502 

CBP5 Bole 13 2020 16849 

CBP6 (asphalt plant) Bole 12 2022 28820 

CBP7 Bole 12 2022 30646 

CBP8 Lemi Kura 14 2022 14271 

 

The installations of CBPs in the city are dated typically between 2020 and 2022, which is recent, 

and the expansion of such emerging plants follows the construction boom. From table two it can be 

noted that, including the asphalt plant, the majority of the batch plants are located within district 12 

of Bole sub-city where the current study has focused on delving into the environmental and public 

health implications with them, mainly focusing on urban stream pollution.  
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Table 2 also indicated that there exists a total of 9 CBPs built within three sub-cities of Addis 

Ababa, occupying an area of 185248.8 m2. This booming of large-scale CBPs is unprecedented 

even in the country, demanding attention on the determination of its contexts in view of its public 

and environmental health, whereby the issue of sustainability may ultimately be at stake. In this 

regard, a holistic overview of concrete mass production from the quarry to construction sites is 

necessary, and that will be addressed in the life cycle section. The locations of those particular 

CBPs in a district within Bole sub-city are indicated in figure two with a red line. As it can be seen 

from the figure, the industries are concentrated in a certain corner of the city (Figure 2).  

 

Figure 2. Map showing the area where the studies CBPs are located and water samples were collected (made using 

ArcGIS tool). 

It is unfortunate that most of the CBPs are located adjacent to seasonal and year-round streams. 

In fact, a passerby can just feel the extent of cement-mud run over by concrete-carrying trucks, the 

pile of concrete debris on river ways, all associated with the towers of CBPs.  The detail of the 

environmental context of such plants is addressed in the section where checklist-based elucidation 

is depicted.  

Thus, given the fact that the number of CBPs swiftly rose in just a couple of years and there is 

diffused responsibility by the regulatory or competent authority, the operational conditions of those 

plants need urgent attention. If left as it is, the greying and cementation of the urban streams where 

CBPs are adjacently located will not only be inevitable but also already become visible. These and 

the inner city’s streams wherein domestic wastes are channeled will make the city bad for living in. 

As a matter of fact, there lacks a clear policy regarding wastewater management that does agree 

with the city’s development policy. Indeed, lacking such environmental and public health conscious 

monitoring will undoubtedly result in failure to achieve the sustainable development goals that push 

for sound water and wastewater management and the lifecycle approach as stipulated by the United 

Nations (Sachs et al. 2019). 

3.2 Life cycle perspective on concrete production and its environmental footprint 

At first, it is difficult to say its life cycle since it is obvious that the produced concrete does not 

return to either its parent component or rejoin the plants for reproduction, thereby closing the loop. 
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Rather, the fate of the produced concrete is either being a building or being dumped somewhere 

after demolition. However, such analyses of input-output conditions in concrete production are 

important for process improvements, thereby explaining the environmental impacts of such 

processes.  

As a composite material of construction, concrete production in batch plants involves the use of 

water, cement, sand, gravel, and additives for a batch of product. The aggregates, the belt conveyor, 

and the hoppers for the raw materials are depicted in figure five, which is a photograph taken during 

the field study on one of the CBPs in Addis Ababa. In the case of Addis Ababa, these raw materials 

are delivered by tracks, and after the processes, specialized ready-mix concrete trucks deliver the 

mix to construction sites (Figure 3).  

 

Figure 3. A typical stationary concrete batch plant located in Addis Ababa. 

Past studies indicated that concrete batching plants are normally located around a city to reduce 

transportation time, and the average CO2 emission due to batching is estimated at 0.0033 t CO2-

e/m3of concrete  produced (Flower and Sanjayan 2007). Of those models for life cycle assessment 

(LCA), including the one based on  standard ISO 14044/2006, the Greenhouse gases, Regulated 

Emissions, and Energy use in Technologies (GREET) model is common, and its derivation or 

extension is reported for concrete production LCA studies, such as in the United States by Hottle 

and colleagues, which was published in 2022 (Hottle et al. 2022). 

Indeed, in realizing cleaner production systems, studying the lifecycle of products has helped 

indicate where to intervene so as to reduce environmental footprint while maintaining the desired 

quality of the product. This has become more interesting recently due to the need for an 

environmentally sustainable design. In this regard, studies have already determined the contribution 

of different processes and inputs for a portland cement-bound concrete production where the 

aggregate emission ranged from 0.29 to 0.32 t CO2-e/m3 (Flower and Sanjayan 2007). Several 

studies have also identified environmental impacts related to concrete production, of which 

particulate matter, as well as metals, dioxins, and furans resulting from fuel combustion, are 

associated. In terms of water footprint, around 10% of the world’s industrial water withdrawal is 

due to concrete production (Hottle et al. 2022).  

Thus, based on literature (Bhutange et al. 2021; Chandel and Gautam 2020; Faleschini and 

Pellegrino 2014) it has already been determined that the following consumptions are applied per ton 

of concrete production:  

▪ 143.94 kg to 150.73 kg of portland cement 

▪ 89.90 to 101.85 liters of water 
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▪ Additive (Super-plasticizer for concrete that is considered as 1.5% of the amount of cement 

▪ 14 kWh of electricity  

 

Within the circular economy perspective, recycling of the construction and demolition wastes 

does not only reduce the extraction of the virgin raw natural materials and reduce waste generation 

and disposal, but also it shows huge energy savings. In fact, around 60% of the environmental 

impact of concrete production comes from the cement production in a cradle-to-grave scenario. 

Such a reuse scenario has brought a significant reduction in freshwater ecotoxicity (63%) and water 

consumption reduction by 17%. Therefore, replacing raw materials, reusing the same wasted 

material, changing process efficiency, and having a dedicated policy as well as legislation appeared 

crucial for reducing the impacts of concrete batch production based on LCAs (Cerchione et al. 

2023).  

3.3 Physicochemical characteristics of the concrete production wastewater  

Wastewater samples were collected during the study to have an insight into the physicochemical 

nature of the concrete production wastewater, which is just released into the gorges of the stream, 

where lastly it accumulates downslope, forming a pool of the visually grey and grease-containing 

concrete wastewater. Table 3 presents the results of the quality analysis conducted within the 

premises of the AAEPA. From the table it appears quite clear that the pH (11.4±1), the total 

chemical oxygen demand (10700±870), SO4
2-(1325±60), and NO3

2- (17.5±0.2) concentrations 

measured in mg/l were incomparably high in mid-streams where the plants are located.  

 

Table 3. Concrete production wastewater laboratory test results in different stream locations  

Parameters Unit 

Sampling locations 

Upstream Midstream Downstream  

pH - 7.35±(0.3) 11.4±(1) 11.06±(0.3) 

Sulphate (SO4
2-) mg/l 4±(0.2) 1325±(60) 300±(40) 

Nitrate (NO3
2-) mg/l 1.3±(0.02) 17.5±(0.2) 14±(2) 

Chemical oxygen demand (COD) mg/l 7±(0.2) 10700±(870) 30±(0.8) 

 

As a matter of fact, the physical and chemical nature of concretes emanates from the 

characteristics of the inputs from which a batch of concrete is synthesized.  That goes even back to 

the quarry sites property, where excavating and crushing of stones, scraping the sands downstream, 

and usually by the portland cement production. The pH of concrete wastewater is highly alkaline, 

whereby Ca(OH)2 is formed following the hydration of cement-mortar, a plastering composite 

(Mori et al. 1992; Wang et al. 2020). pH changes in water bodies obviously bring changes in 

aquatic chemistry and the associated problems (Stumm and Morgan 2012). For instance, an increase 

in pH can result in the mobilization of metals’ species in rivers and streams while altering their 

bioavailability and toxicity potentials (Foldvik et al. 2022). In fact, such a phenomenon is 

associated with the death of living things in rivers that include fish. Indeed, for a normal aquatic 

functioning of rivers and streams, the desired pH ranges between 6.5 and 8.5 (Scholz et al. 2011). 

Based on the result of this study, the upstream pH falls within the normal range.  

The sulfate and nitrate concentration increase can also be associated with some organic pollution 

as well as inorganic ones. Unfortunately, such pollution of urban streams is compounded by the 

lack of connections to municipal services, resulting in unsafe water supply, sanitation, and hygiene 

conditions. Since CBPs are located adjacent to urban streams and underdeveloped areas of the city, 

they are not covered with municipal services.  The employees in those plants, as well as visitors, 

may dispose of waste and perhaps excrete in the open field and in those stream gorges. Further, due 

to the blockage of the urban stream courses by concrete debris, the velocity of the stream flow and 

its surface are significantly diminished, resulting in poor dilution capacity.  
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3.4 Checklists-based site survey of the concrete batch plants  

A glimpse at the current status of CBPs, especially those located within the Bole sub-city of the 

capital, has been conducted voluntarily and with pictorial evidence. The checklist includes variables 

of concern such as identifying problems related to site selection for those CBPs, noting the extent of 

destruction of the urban streams, and the public health concerns basing on expert views. The 

impression of the current batching practice is undoubtedly undesirable from an eco-centric 

perspective, as can be seen from clearly negatively impacted adjacent streams (Figures 4 & 5). 

Indeed, sustainability is a concern in terms of the deterioration of the environmental resources that 

include water and sand for the same industry as well as other unrelated uses. The fact of the matter 

is that the leftover concrete, defective batch products, ready-mix concrete delivery tracks as well as 
mixing and batching vat washing wastewater are simply discharged into the stream, resulting in the 

cementation of the stream from its bed. Such cement conquest resulted in gray-dying of the streams, 

where part of the natural hydrologic cycle is even possibly interrupted, and also exacerbated 

evaporation of the water as the surface area of the stream bed is artificially extended due to such 

dumping. Indeed, it has already been reported that concrete is among the most damaging materials 

made by humans (Cooke et al. 2020). 

 

Figure 4. A photographic view of one of the streams encroached by CBPs and its volume of water and color from upper 

side (left) and the pool of concrete wastewater down stream of it (right). 

The public and environmental concerns do not end there; concrete batching also releases 

chemicals with the wastewaters. Even though < 5% by composition, admixture compositions that 

include accelerators, plasticizers and retarders constitute some of the eco-sensitive chemicals such 

as calcium chloride, calcium nitrate, sodium nitrate, pigments, lignosulfonate, and sodium 

gluconate. Hence, the release of such constituents into waterways will not be without damage. It has 

already been reported that concrete can interfere with the biogeochemical processes that occur in 

aquatic environments (Cooke et al. 2020).  

Within an estimated length equivalent to a football field, three CBPs are located within district 

12 of Bole sub-city of the capital that are owned by different companies where the occupancy time 

of the plants is different but very briefly in a span of two years. The two are just situated on each 

side of one of the rivers where the earliest one is located distances away and adjacent to the other 

stream. Such a series of establishments within a short distance in two years’ time where two to 

three, largely seasonal, rivers flow does not just tell of the demand for concrete to support the 

booming construction industry, but it also informs about the need to pay attention, as early as 

possible, to the undesirable public and environmental consequences therein. Given the poor 
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practices of post-project realization environmental impact monitoring practices in the developing 

world, including Ethiopia, the graying of blue and green ecosystems is inevitable. Such local acts 

may not only bring local problems as the effect touches one of the global concerns-the integrated 

water resources management.  

The picture in figure five was blue (left) before the establishment of an adjacent CBP and now 

has turned not to ice white but to concrete white (right). This evident environmental impact needs 

attention and corrective measure like restoring the topography and the river channel and ultimately 

the stream itself. As the country has provisions to expand ecotourism on one side and the concrete 

industry is imposing such kind of impacts, there need to be a coordinated and clear development 

policy-based action. In fact, concrete wastewater has to be treated (de Paula et al. 2014) before 

discharge and this should be a primary task for the regulators to ensure if such industry do treat the 

wastes they release.  

 

Figure 5. A photograph of surface change of an encroached urban stream, which is a year apart and the cemented gray 

layer is the place where stream used to flow (right). 

3.5 The key informant interviews 

In order to access technical and regulatory information, several batch concrete production 

industry-related institutions have been approached, especially those found in the two sub-cities of 

the CBP locations, for possible key information interviews. Unfortunately, the local administration 

staffs that are in charge of regulating such kinds of industries and even personnel in charge of such 

regulatory and permit issuance activities such as those in the “Minerals” department did not have an 

idea about CBPs and their EPHIs. Some were even amazed by the orientation provided during field 

activities about CBPs. Ultimately, based on proximity to the subject of the study, six people were 

selected purposively. The selectees were three people from AAEPA, one from Bole sub-city, one 

from Yeka sub-city and one from the community adjacent to two CBPs studied. Major issues 

considered in the checking stage, such as the key questions presented and the respective responses 

of the identified key informants, are summarized (Table 4). 

Few have also described the subsequent question that asks to explain the changes made to urban 

streams due to CBPs; one respondent from the community and one from AAEPA have explained it 

well. The latter has technically explained the existing condition, citing the dumping of sediments 

and construction materials into the urban stream gorges.  The informant from the community nearby 

has told the real experience that people had been bathing, cattle watering, collecting grass, and even 

sand in earlier times. But after CBPs came into operation, all services of the streams ceased, noting 

that currently clear water is not flowing.  

The key informants, especially from AAEPA, have criticized the current waste management 

practices by the CBPs and have expressed their concern for the environment. Furthermore, the 

community side witnesses dust particles engulfing visible nearby inhabitants and the church nearby 



62 G.D. Gebreeyessus et al. 

for reasons the community is unaware of until recently it stops. Yet, dust and cement particles are 

mostly there following loading and unloading trucks movements.  

 

Table 4. Presents the responses from the key informant interviews to selected questions regarding CBPs 

Key question asked KIL* Key response 

Regarding major waste generated by 
the CBPs 

AAEPA Dust, wastewater and solid waste, light, alkaline water, 
excess noise, aggregate waste discharged to land and water  

Community Dust, especially some time before, sediment   

Sub city  Aerosol, washed out cement and mixture 
Common uses of urban streams  All Sanitation like washing clothes, agricultural uses like 

farming and cattle watering, bathing, drinking and cocking 
If any of them noted any change on 
streams nearby CBPs  

 Yes=4 (one from AAEPA, three from community and sub 
cities) 
No=2 (all from AAEPA 

If the informants do think that CBP 
effluent can have EPHIs 

ALL Yes (n=6) 

If there is any experience regarding 
effect for question 4 

ALL Yes=1 (AAEPA) 
No=2 
Reserved/do not know=3 

If they do think CBPs release the 
wastes directly into urban streams 
without any treatment 

 Yes =4 (two from AAEPA) 
No=0 
Reserved/do not know =2  

KIL= key informants’ location 

 

Looking at the range of the responses, it appears that the extent of being informed or aware about 

CBPs is so varied that it may prove the fact that there is still a lack of participative decision making 

in issuing permits to those process plants during impact assessment study stages. This can result in 

uncoordinated action thereby hampering the interest in an environmentally conscious sustainable 

city realization. Relatively, and as the position is expected, the respondents from the AAEPA are 

better aware of the magnitude of the problem and the existing environmentally unfriendly practices 

by the CBPs. However, it also appeared that the same respondents missed recognizing the fact that 

the same organization was authorized to issue such a mandate.  

4. CONCLUSION  

Results found in this study indicated the rapid increase of CBPs reaching 95 and being among 

the 470 construction input suppliers in Addis Ababa city. While the area occupied by those process 

plants is considerably high and their location is environmentally sensitive, the mandate for issuance 

of permits to CBPs is diffused, and little is known by the administrative and technical people there 

about CBPs. What makes it worse is that permits for CBP businesses are issued by different public 

bodies, such as the sub-city administrations, the trade and industry bureau, the bureau of mines, 

etcetera. Contrarily, the EPHIs of CBPs are perhaps vividly witnessed by the water pollution in the 

areas, the rivers or streams clogging, and the prevalent dust air pollution, which all demand the 

review of CBP permit issuance procedures. More importantly, clear mandates and guiding policy, 

as well as strong regulatory mechanisms, are crucial to manage the situations. 

The existing operating conditions and hence the environmental performance of CBPs in Addis 

Ababa are environmentally unfriendly; the environmental health impact is evidenced by the 

complete alteration of fluvial systems that needs urgent attention. The CBPs are producing massive 

solid and liquid waste that is large enough to clog the streams and form instead large ponds of grey 

cement-containing wastewater, conquering the urban and perhaps vital streams to the level of 

distraction of natural environmental processes. The diffused and unclear responsibility and mandate 

of the regulatory sector have to be rectified, as there is no clear mandate even to issue permits to 

those CBPs considering at least their environmentally unfair location. Clearly, the CBPs 

deteriorated the quality of urban streams formed lagoons of concrete wastewater, alarming the need 

for a clear mandate as well as operational and accountability policies. Competent personnel within 

the concerned regulatory or administrative body have to be there. Even engaging the communities 
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living around such sites should have involvement in either preliminary assessment or the continuous 

monitoring and evaluation of CBPs. Given the alarming deteriorating effects of CBPs in the city 

area, mapping the green infrastructure and ecosystem conditions and thereby determining the status 

as well as projecting the effect is very important. Clear and specific state policy regarding the 

management of industrial wastes, including CBPs, is demanding. Further in-depth study to elucidate 

the long-term environmental impact of CBPs that include the hydrogeological phenomena has to be 

studied.  

ACKNOWLEDGMENTS 

The current study would not have been realized without the kind of contribution such as internet, 

journals, books and library space by the Addis Ababa University.  

STATEMENTS AND DECLARATIONS 

Conflict of interest 

The authors declare that the review was conducted in the absence of any commercial or financial 

relationships that could be construed as a potential conflict of interest. 

Author contributions 

GDG conceived the idea, crafted and drafted the manuscript. SJA reviewed and added more on 

the manuscript. EDW co-crafted & reviewed the manuscript. 

Funding 

There was no any source of funding for this research. 

Data availability 

All data are included in the manuscript. 

Declaration of interests 

The authors declare that they have no known competing financial interests or personal 

relationships that could have appeared to influence the work reported in this paper. 

Ethics 

Not applicable 

Consent to participate 

Not applicable 

Consent to publish declarations 

Authors do consent to publish the manuscript submitted to the journal of Discover Applied 

Sciences 



64 G.D. Gebreeyessus et al. 

REFERENCES 

APHA; WWA & WEF APHAWWAaWEF (1999) Standard methods for the examination of water and wastewater. Amer Public 

Health Assn, USA 

Awoke A, Beyene A, Kloos H, Goethals PL, Triest L (2016) River water pollution status and water policy scenario in Ethiopia: 

raising awareness for better implementation in developing countries. Environmental Management 58: 694-706 

doi:https://doi.org/10.1007/s00267-016-0734-y 

Babor D, Plian D, Judele L (2009) Environmental impact of concrete Buletinul Institutului Politehnic din lasi Sectia Constructii, 

Arhitectura 554: 27 

Beyene A, Legesse W, Triest L, Kloos H (2009) Urban impact on ecological integrity of nearby rivers in developing countries: the 

Borkena River in highland Ethiopia Environmental monitoring and assessment 153:4 61-476 doi:https://doi.org/10.1007/s10661-

008-0371-x 

Bhutange SP, Latkar M, Chakrabarti T (2021) Influence of direct urease source incorporation on mechanical properties of concrete 

Construction and Building Materials 301: 124116, doi:DOI: 10.1016/j.conbuildmat.2021.124116 

Cerchione R, Colangelo F, Farina I, Ghisellini P, Passaro R, Ulgiati S (2023) Life Cycle Assessment of Concrete Production within a 

Circular Economy Perspective Sustainability 1514:11469 doi:https://doi.org/10.3390/su151411469 

Chandel A, Gautam CP (2020) To Study Cost Efficiency of Buildings in Different Geographical Location of India by Utilizing 

Wastes in Concrete. Jaypee University of Information Technology, Solan, H.P. http://ir.juit.ac.in:8080/jspui//xmlui/handle 

/123456789/5811.  

Chen Q, Wood M, Zhao J (2019) Case study of the Tianjin accident: Application of barrier and systems analysis to understand 

challenges to industry loss prevention in emerging economies Process Safety and Environmental Protection 131:178-188 doi: 

10.1016/j.psep.2019.08.028 

Cooke SJ, Bergman JN, Nyboer EA, Reid AJ, Gallagher AJ, Hammerschlag N, Van de Riet K, Vermaire JC (2020) Overcoming the 

concrete conquest of aquatic ecosystems Biological Conservation 247:108589 doi:https://doi.org/10.1016/j.biocon.2020.108589 

Cortas NK, Wakid NW (1990) Determination of inorganic nitrate in serum and urine by a kinetic cadmium-reduction method 

Clinical chemistry 368:1440-1443 doi:https://pubmed.ncbi.nlm.nih.gov/2387039/ 

de Paula HM, de Oliveira Ilha MS, Andrade LS (2014) Concrete plant wastewater treatment process by coagulation combining 

aluminum sulfate and Moringa oleifera powder Journal of Cleaner Production 76:125-130 doi:https://doi.org/10.1016 

/j.jclepro.2014.04.031 

Deligiannis V, Manesis S (2008) Concrete batching and mixing plants: A new modeling and control approach based on global 

automata Automation in Construction 174:368-376 doi:https://doi.org/10.1016/j.autcon.2007.06.001 

demissew A (2020) Assessment on Cement Production Practice and Potential Cement Replacing Materials in Ethiopia  12:22-28 

doi:10.7176/CER/12-1-03 

Faleschini F, Pellegrino C Use of metallurgical industry by-products as sustainable route for concrete production. In: Proc. of 

Concrete Innovation Conference 2014–CIC 2014, 2014.  

Flower DJ, Sanjayan JG (2007) Green house gas emissions due to concrete manufacture The international Journal of life cycle 

assessment 12:282-288 doi:https://doi.org/10.1065/lca2007.05.327 

Foldvik A, Holthe E, Bremset G, Solem Ø (2022) Effects of Episodic Exposure to High‐pH Water on Survival of Atlantic Salmon 

Eggs and Juveniles: Results from Laboratory and Field Studies Environmental Toxicology and Chemistry 413:771-780 

doi:10.1002/etc.5282 

Gagg CR (2014) Cement and concrete as an engineering material: An historic appraisal and case study analysis Engineering Failure 

Analysis 40:114-140 doi:https://doi.org/10.1016/j.engfailanal.2014.02.004 

Group TF (2006) Environmental management for sustainable development. Routledge, London 

Hottle T, Hawkins TR, Chiquelin C, Lange B, Young B, Sun P, Elgowainy A, Wang M (2022) Environmental life-cycle assessment 

of concrete produced in the United States Journal of Cleaner Production 363:131834 doi:https://doi.org/10.1016 

/j.jclepro.2022.131834 

Jahiel AR (1998) The organization of environmental protection in China The China Quarterly 156:757-787 doi: https://doi.org 

/10.1017/s030574100005133x 

Karr JR (1999) Defining and measuring river health Freshwater Biology 412:221-234 doi:https://doi.org/10.1046/j.1365-

2427.1999.00427.x 

Kim T, Tae S, Chae CU (2016) Analysis of Environmental Impact for Concrete Using LCA by Varying the Recycling Components, 

the Compressive Strength and the Admixture Material Mixing Sustainability 84:389 doi:https://www.mdpi.com/2071-

1050/8/4/389 

Koroso NH, Lengoiboni M, Zevenbergen JA (2021) Urbanization and urban land use efficiency: Evidence from regional and Addis 

Ababa satellite cities, Ethiopia Habitat International 117:102437 doi: https://doi.org/10.1016/j.habitatint.2021.102437 

LaSota DE, Dolfi JD, Vasulka C, Evans J, Sheeran W, Bidlack TW Laboratory Manual for Chemical Analyses of Public Drinking 

Water  doi:https://dam.assets.ohio.gov/image/upload/epa.ohio.gov/Portals/28/documents/labcert/CHEMMAN.pdf 

Leal Filho W, Barbir J, Sima M, Kalbus A, Nagy GJ, Paletta A, Villamizar A, Martinez R, Azeiteiro UM, Pereira MJ (2020) 

Reviewing the role of ecosystems services in the sustainability of the urban environment: A multi-country analysis Journal of 

Cleaner Production 262:121338 doi: https://www.haw-hamburg.de/fileadmin/LS/FTZ-NK/PDF/Publications/Reviewing_theRole 

_ofEcosystem_Services.pdf 

Lemly AD (1997) Risk assessment as an environmental management tool: considerations for freshwater wetlands Environmental 

Management 213: 343-358, doi:10.1007/s002679900034 

Liu C, Liu X (2009) Healthy river and its indication, criteria and standards Journal of Geographical Sciences 191:3-11 

doi:https://doi.org/10.1007/s11442-009-0003-6 



European Water 89 (2025) 65 

Lundy L, Wade R (2011) Integrating sciences to sustain urban ecosystem services Progress in Physical Geography 355:653-669 

doi:DOI: 10.1177/0309133311422464 

Ma X, Li N, Yang H, Li Y (2022) Exploring the relationship between urbanization and water environment based on coupling 

analysis in Nanjing, East China Environmental Science and Pollution Research 293: 4654-4667 doi: 

https://doi.org/10.1007/s11356-021-15161-1 

Malmqvist B, Rundle S (2002) Threats to the running water ecosystems of the world Environmental conservation 292:134-153 doi: 

10.1017/S0376892902000097 

Mbui D, Chebet E, Kamau G, Kibet J (2016) The state of water quality in Nairobi River, Kenya Asian Journal of Research in 

Chemistry 911: 579 doi: 10.5958/0974-4150.2016.00078.X 

McMichael AJ (2000) The urban environment and health in a world of increasing globalization: issues for developing countries 

Bulletin of the world Health Organization 78: 1117-1126 

Miller SA, Moore FC (2020) Climate and health damages from global concrete production Nature Climate Change 105: 439-443 doi: 

10.1038/s41558-020-0733-0 

Mondal S, Patel PP (2022) Incorporating Hydromorphological Assessments in the Fluvial Geomorphology Domain for Transitioning 

Towards Restorative River Science—Context, Concepts and Criteria. In:  Fluvial Systems in the Anthropocene: Process, 

Response and Modelling. Springer, pp 43-75. doi:https://doi.org/10.1007/978-3-031-11181-5_4 

Mori T, Nonaka T, Tazaki K, Koga M, Hikosaka Y, Noda S (1992) Interactions of nutrients, moisture and pH on microbial corrosion 

of concrete sewer pipes Water research 261:29-37 doi: https://doi.org/10.1016/0043-1354(92)90107-F 

Novotny V (2002) Water quality: diffuse pollution and watershed management. John Wiley & Sons 

Ozlu MO, Alemayehu A, Mukim M, Lall SV, Kerr OT, Kaganova O, Viola CO, Hill R, Hamilton E, Bidgood AT (2015) Ethiopia-

Urbanization review: urban institutions for a middle-income Ethiopia Washington, DC: World Bank Group 

Pandey B, Ghosh A (2023) Urban ecosystem services and climate change: a dynamic interplay Frontiers in Sustainable Cities 5 

doi:10.3389/frsc.2023.1281430 

PDO PsDO (2001) Concrete Pouring of Three Gorges Project Sets World Record.  doi: http://english.peopledaily.com.cn 

/200101/02/eng20010102_59432.html 

Phong L (2015) The relationship between rivers and cities: influences of urbanization on the riverine zones–a case study of Red 

River zones in Hanoi, Vietnam WIT Transactions on Ecology and the Environment 193:27-43 

Ranta E, Vidal-Abarca MR, Calapez AR, Feio MJ (2021) Urban stream assessment system (UsAs): An integrative tool to assess 

biodiversity, ecosystem functions and services Ecological Indicators 121:106980 doi:https://doi.org/10.1016 

/j.ecolind.2020.106980 

Raquel Calapez A, Serra SRQ, Mortágua A, Almeida SFP, João Feio M (2023) Unveiling relationships between ecosystem services 

and aquatic communities in urban streams Ecological Indicators 153:110433 doi:https://doi.org/10.1016/j.ecolind.2023.110433 

Sachs JD, Schmidt-Traub G, Mazzucato M, Messner D, Nakicenovic N, Rockström J (2019) Six transformations to achieve the 

sustainable development goals Nature sustainability 29:805-814 doi: https://doi.org/10.1038/s41893-019-0352-9 

Savenije HH, Van der Zaag P (2000) Conceptual framework for the management of shared river basins; with special reference to the 

SADC and EU Water policy 21:9-45 

Scholz NL, Myers MS, McCarthy SG, Labenia JS, McIntyre JK, Ylitalo GM, Rhodes LD, Laetz CA, Stehr CM, French BL (2011) 

Recurrent die-offs of adult coho salmon returning to spawn in Puget Sound lowland urban streams PloS one 612: e28013 doi: 

https://doi.org/10.1371/journal.pone.0028013 

Speed RA, Li Y, Tickner D, Huang H, Naiman RJ, Cao J, Lei G, Yu L, Sayers P, Zhao Z (2016) A framework for strategic river 

restoration in China Water International 417:998-1015 doi: https://doi.org/10.1080/02508060.2016.1247311 

Srinivasan S, O’fallon LR, Dearry A (2003) Creating healthy communities, healthy homes, healthy people: initiating a research 

agenda on the built environment and public health American journal of public health 939:1446-1450 doi: 

10.2105/AJPH.93.9.1446 

Stumm W, Morgan JJ (2012) Aquatic chemistry: chemical equilibria and rates in natural waters. John Wiley & Sons,  

Terfa BK, Chen N, Liu D, Zhang X, Niyogi D (2019) Urban expansion in Ethiopia from 1987 to 2017: Characteristics, spatial 

patterns, and driving forces Sustainability 1110:2973 doi: https://doi.org/10.3390/su11102973 

Tibebu S, Worku A, Shebeshi A, Kassahun E (2022) Assessment of liquid waste handling practice of Addis Ketema and its impact 

on Shankela River, Addis Ababa, Ethiopia European Journal of Environment and Public Health 61: em0097 doi: 

https://doi.org/10.21601/ejeph/11500 

UN Environment (2017) A framework for freshwater ecosystem management vol 2. United Nations,  

Wang J, Xie Y, Zhong X, Li L (2020) Test and simulation of cement hydration degree for shotcrete with alkaline and alkali -free 

accelerators Cement and Concrete Composites 112:103684 doi:https://doi.org/10.1016/j.cemconcomp.2020.103684 

Wangai PW, Burkhard B, Müller F (2016) A review of studies on ecosystem services in Africa International journal of sustainable 

built environment 52: 225-245 doi: https://doi.org/10.1016/j.ijsbe.2016.08.005 

Wiering M, Arts B (2006) Discursive shifts in Dutch river management:‘deep’institutional change or adaptation strategy? Living 

rivers: trends and challenges in science and management:327-338 doi: https://doi.org/10.1007/s10750-005-5923-2 

Xia J, Wang H, Stanford RL, Pan G, Yu SL (2018) Hydrologic and water quality performance of a laboratory scale bioretention unit 

Frontiers of Environmental Science & Engineering 12(1): 14, doi: https://doi.org/10.1007/s11783-018-1011-5 

Xiu Y, Wang N, Peng F, Wang Q (2022) Spatial–Temporal Variations of Water Ecosystem Services Value and Its Influencing 

Factors: A Case in Typical Regions of the Central Loess Plateau Sustainability 1412: 7169, doi: https://doi.org/10.3390 

/su14127169 

Yohannes H, Elias E (2017) Contamination of rivers and water reservoirs in and around Addis Ababa City and actions to combat it 

Environ Pollut Climate Change 1116:8 doi: 10.4172/2753-458X.1000116 

 


	1. Introduction
	2. METHODOLOGY
	2.1 Concrete material description
	2.2 Study area
	2.3 Study design, method and sampling
	2.4 Data collection
	2.4.1 Secondary data sources
	2.4.2 Key informant interview
	2.4.3 Observational checklist
	2.4.4 Physicochemical water sample analysis

	2.5 Data analysis

	3. RESULTS AND DISCUSSION
	3.1 Concrete production in Addis Ababa city: profile, environmental hygiene and mandate contexts
	3.2 Life cycle perspective on concrete production and its environmental footprint
	3.3 Physicochemical characteristics of the concrete production wastewater
	3.4 Checklists-based site survey of the concrete batch plants
	3.5 The key informant interviews

	4. CONCLUSION
	Acknowledgments
	STATEMENTS AND DECLARATIONS
	Conflict of interest
	Author contributions
	Funding
	Data availability
	Declaration of interests
	Ethics
	Consent to participate
	Consent to publish declarations

	REFERENCES

