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A B S T R A C T   

Given the complex composition of hospital wastewater and the high risk of initiating disease outbreaks, 
comprehensive monitoring and treatment of hospital wastewater are required to prevent social and environ-
mental consequences. This study investigated the physicochemical and microbiological characteristics of 
wastewater from the Benjamin Mkapa Hospital in Dodoma Tanzania. The wastewater from this hospital is treated 
in a horizontal flow Constructed Wetland (CW) planted with Typha latifolia before being discharged into the 
environments. Wastewater samples were collected at the CW inlet and outlet from 02nd May 2022 to 25th July 
2022. The results shows that the effluent discharged had pH 7.48 ± 0.63, electrical conductivity 2441 ± 623 µS/ 
cm, Total dissolved solids 1305.5 ± 396 mg/L, Total suspended solids 49.17 ± 53.11 mg/L, Turbidity 9.1 ±
14.83 NTU, COD 170.4 ± 40.6 mg/L, BOD5 74.8 ± 33.5 mg/L, NO3-N 45.4 ± 39.97 mg/L and PO4-P 4.52 ±
2.30 mg/L. The CW removed TSS by 82% and turbidity 94%. COD, BOD and NO3-N were removed by 48%, 47% 
and 58% respectively. E. coli concentration in effluent samples ranged from 1.1 × 101 CFU/mL to 1.1 × 102 CFU/ 
mL with an average of 1.77logCFU/mL. Average BOD5/COD ratio was 0.5 and 0.4 for influent and effluent 
respectively. The effluent contained higher levels of EC, TDS, and PO4-P than the influent. According to the 
findings of this study, most of the parameters of wastewater effluent discharged wasn’t within the effluent 
discharge standards.   

Introduction 

The production of hospital wastewater has increased in recent de-
cades as a result of advancements in medical services and products 
(Amouei et al., 2015). The produced hospital wastewater is influenced 
by a number of factors, including the water supply, number of beds 
available, general services such as air conditioning, kitchen and laundry, 
the types and number of units or wards and management practices. All of 
these operations contribute to total produced wastewater (Khan et al., 
2021). The complex mixtures of compounds present in hospital waste-
water include not only pharmaceuticals and their metabolites, but also 
disinfectants, diagnostic agents, and other substances coming from 
laboratory, research and diagnostic operations, as well as patients’ 
excretion (Fatta-Kassinos et al., 2011; Santos et al., 2013). 

When compared to domestic wastewater, hospital wastewater has 
higher levels of biochemical oxygen demand (BOD), chemical oxygen 
demand (COD), ammonia, and nitrogen (Hocaoglu et al., 2021; Pirsaheb 
et al., 2015). Hospital wastewater is less biodegradable than municipal 

wastewater, making it challenging for conventional biological systems 
to treat it (Majumder et al., 2020). The intrinsic toxicity of hospital ef-
fluents has been shown to be 5–15 times higher than that of a municipal 
effluent based on composition (Kumari et al., 2020). A wide variety of 
microbes, including bacteria, viruses, fungus, and parasites, are present 
in hospital wastewater. Furthermore, a lot of resistant bacteria have 
been found in hospital wastewater, which inhibits the growth of sus-
ceptible bacteria and boosts the population of resistant bacteria in the 
receiving water (Yuan & Pian, 2023). Because of the cost and analytical 
challenges associated with detecting and counting the microbes in water 
samples, it is routine practice to test for indicator microorganisms that 
indicate the presence of faecal contamination. One of the most 
commonly used indicator organisms is a bacterium called Escherichia 
coli, which is a member of the faecal coliform group (Wu et al., 2016). 

Escherichia coli (E. coli) are Gram-negative bacteria with rounded 
ends. Their major habitat is the intestines of endotherms (Ishii & 
Sadowsky, 2008; Osińska et al., 2022; Poolman, 2016) which they 
alternate with other environmental habitats (secondary habitats) such as 

* Corresponding author at: Department of Chemistry, The University of Dodoma (UDOM), Dodoma, P.O. Box 338, Tanzania. 
E-mail address: karungamyep@nm-aist.ac.tz (P. Karungamye).  

Contents lists available at ScienceDirect 

Total Environment Research Themes 

journal homepage: www.elsevier.com/locate/totert 

https://doi.org/10.1016/j.totert.2023.100075 
Received 3 February 2023; Received in revised form 2 August 2023; Accepted 24 August 2023   

mailto:karungamyep@nm-aist.ac.tz
www.sciencedirect.com/science/journal/27728099
https://www.elsevier.com/locate/totert
https://doi.org/10.1016/j.totert.2023.100075
https://doi.org/10.1016/j.totert.2023.100075
https://doi.org/10.1016/j.totert.2023.100075
http://crossmark.crossref.org/dialog/?doi=10.1016/j.totert.2023.100075&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Total Environment Research Themes 8 (2023) 100075

2

water, silt, and soils throughout their life cycle (Petersen and Hubbart, 
2020). As a result, the presence of E. coli in drinkable water is utilized as 
a sign of contamination with human or animal excrement and is known 
as the “coliform index.”(Percival & Williams, 2013). Both biotic and 
abiotic factors have the potential to affect the growth and survival of 
E. coli in their natural habitats. Temperature, the availability of water 
and nutrients, pH, and sun radiation are examples of abiotic variables. 
The existence of other microbes, as well as E. coli’s capacity to consume 
resources, outcompete other microbes, and build biofilms in natural 
habitats, are all examples of biotic factors (Jang et al., 2017). E. coli may 
live in a variety of habitats, including wastewater, soil, and water, as 
well as plants, fruits and vegetables, raw meat, and unpasteurized milk 
(Osińska et al., 2022). Although these bacteria are gut commensals, they 
can also cause intestinal and extraintestinal diseases, such as septicemia, 
meningitis, and urinary tract infections in humans and colibacillosis in 
poultry (Osińska et al., 2022). 

In developing countries, hospital wastewater is commonly dis-
charged into municipal wastewater systems and released into water 
bodies without treatment (Aukidy et al., 2017; Reddy et al., 2020; 
Santoro et al., 2015). Some studies suggest that mixing hospital and 
municipal wastewater has the potential to inhibit the activated sludge of 
wastewater treatment plants (Kumari et al., 2020). This makes it 
necessary to consider separate treatment of hospital wastewater to avoid 
contamination that may occur when hospital wastewater is mixed with 
municipal wastewater (Lee et al., 2014). Different technologies 
including functionalized membrane filtration, persulfate activated 
degradation, heterogeneous photocatalysis, Fenton-like degradation 
and adsorption have been investigated for removal of pollutants from 
hospital wastewater (Vieira et al., 2021). Conventional wastewater 
treatment technologies have proven to be effective in the treatment of 
wastewater (Desta et al., 2014). However, these technologies are inef-
fective in eliminating pharmaceuticals (Otieno et al., 2017; Rachman, 
2018; Yang et al., 2017). Furthermore, they are extremely expensive and 
energy consuming, making them impractical for developing economies 
(Hdidou et al., 2022; Valipour & Ahn, 2017). According to researchers, 
there is no single universal treatment technique that is effective for all 
types of contaminants and all sources; rather, an efficient treatment 
approach should include the use of two or more technologies in com-
bination (Hassan et al., 2021). 

Constructed wetlands (CW) are wastewater treatment systems that 
remove contaminants by utilizing natural processes involving plants, 
substrates, and their associated microbial communities (Rani et al., 
2011; Yalçuk & Ugurlu, 2020). The treatment process in CWs involves 
physical (filtration, sedimentation), chemical (adsorption, precipita-
tion) and biological (plant uptake, assimilation and biodegradation) 
processes (Barya et al., 2020; El Ghadraoui et al., 2020). Microorganisms 
are regarded as vital components in the treatment process, therefore any 
aspect that changes their composition, biodegradation efficiency, or 
concentrations has a substantial effect on the entire CW (Shelef et al., 
2013). When CWs are compared to conventional treatment technolo-
gies, they are less expensive, require less maintenance, use less energy, 
and are more environmentally friendly (Chavan & Mutnuri, 2021; Ilyas 
& van Hullebusch, 2019; Mustapha et al., 2018; Pinninti et al., 2022; 
Vymaza, 2022). This makes CWs to be an interesting option for devel-
oping countries where advanced wastewater treatment technologies are 
neither practical nor affordable (Ali et al., 2018). Several studies have 
evaluated the performance of CWs for treatment of hospital wastewater, 
and they found that the systems are capable of significantly removing a 
variety of pollutants such as TSS, COD, BOD, turbidity, nitrate, phos-
phate, heavy metals and Coliforms (Aukidy et al., 2017; Ilyas & van 
Hullebusch, 2020; Parashar et al., 2022; Swarnakar et al., 2022; Ulu-
seker et al., 2021). The technology of CW has been adopted in different 
African countries including Tanzania for treatment of wastewater from 
different sources such as domestic, tannery, distillery and winery, 
agricultural, food processing, acid mine drainage, petrochemical, paper 
and pulp, textile, chemical, abattoir, urban storm-water and landfill 

leachate (Mekonnen et al., 2015). The first research on CW in Tanzania 
was launched in 1998 at the University of Dar es Salaam (Njau et al., 
2011). Several pilot and full scale CWs are now operating in different 
places in Tanzania (Kimwaga et al., 2013). 

One of the plant species most planted in CWs in Tanzania is Typha 
latifolia. This plant which is also known as cattail, is a perennial her-
baceous wetland plant with long, slender green stalks that are topped 
with brown, fluffy, sausage-shaped flowering heads (Papadopoulos & 
Zalidis, 2019). It thrives in a broad variety of climates, including trop-
ical, subtropical, temperate, humid coastal, and dry continental. It can 
be found in rivers, brackish and freshwater marshes, irrigation ditches, 
ponds, and lakes (Rana & Maiti, 2018). Also, this plant grows very 
quickly, produces a lot of biomasses, and can reach heights of up to 3 m 
(Irshad et al., 2021). Wind-propagated seeds allow them to rapidly 
colonize new wetlands and normally grow as dense monocultures (Fitch, 
2014). This plant provides significant ecosystem services such as 
bioremediation in constructed wetlands (Bansal et al., 2019). It is one of 
the plants most frequently used for constructed wetlands, and some 
research demonstrate that this really performs better at wastewater 
treatments (Fitch, 2014). It has demonstrated high effectiveness in the 
removal of organic matter and inorganic nutrients (Camacho et al., 
2018). It has the ability to bioaccumulate heavy metals such as Zn, Ni, 
Pb, Cd, Se, and Cu. It can also tolerate and detoxify organic pollutants 
such as synthetic pesticides (Papadopoulos & Zalidis, 2019). 

Therefore, the aim of this study was to investigate the physico-
chemical and microbiological characteristics of wastewater from the 
Benjamin Mkapa Hospital in Dodoma Tanzania which is treated in 
constructed wetland planted with Typha latifolia. This study is important 
due to possible health risk and environmental pollution due to complex 
mixture of pollutants in hospital wastewater. 

Materials and methods 

Description of the study area 

The study was undertaken in May 2022 at the Benjamin Mkapa 
Hospital (BMH) in Dodoma city, Tanzania. This is a tertiary public 
hospital situated in the campus of the University of Dodoma (UDOM). 
This hospital was founded in 2015 to provide specialist and super- 
specialized health services, as well as to coordinate and monitor 
research and learning activities. Dodoma, Tanzania’s capital, is located 
between 6◦00′ and 6◦30′ South and 35◦30′ and 36◦02′ East with a total 
area of 2769 Km2. The average coverage rainfall is 570 mm and about 
85% of this falling between December and April. On average, the tem-
perature ranges between 18 ◦C and 31 ◦C (Mkude & Saria, 2014). The 
wastewater from this hospital is treated in the horizontal subsurface 
flow CW (Layout Fig. 1) before being released into the environment. 
This CW is planted with Typha latifolia which covers about 3/5 of the 
system while the remaining part is not planted. A gravel bed (around 2.5 
cm) is laid over an impermeable concrete structure to make the CW’s 
media. 

Wastewater sampling 

Wastewater sampling was done for three months from 02nd May 
2022 to 25th July 2022 where sampling was done once (every monday) 
every week. The days were sunshine, and the average temperature of the 
water was 25.6 ◦C. Sampling was done at the inlet and outlet point of a 
CW. Daily composite samples were made by blending two morning and 
evening grab samples and placing them in 1.5L plastic bottles (Kayombo 
& Ladegaard, 2004; Majewsky et al., 2011; Paing et al., 2015; Reungoat 
et al., 2010). Physical parameters such as temperature, pH, electrical 
conductivity, TDS, DO and turbidity were measured on site (Schaider 
et al., 2017). The samples were then kept up in an ice-box with ice packs 
to keep them below 4 0C before being taken to the laboratory for more 
investigation. Samples were analyzed as soon as they arrived at the 
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laboratory, and they were kept at 4 ◦C throughout the analysis time. 

Physico-chemical analysis of wastewater 

Unless otherwise stated, all of the analyses were conducted using 
Standard Methods for the Examination of Water and Wastewater (APHA, 
2017). A portable tester, the Hanna HI98129 Combo meter, was used to 
measure the temperature, pH, electrical conductivity (EC), and total 
dissolved solids (TDS) in-situ (Muriuki et al., 2020). A turbidity meter 
(HANNA, HI 93703-11) was used to measure the turbidity (Farid et al., 
2014). The gravimetric method was employed to determine the total 
suspended solids (TSS) (Fahim et al., 2021). The phosphates concen-
tration was determined by HACH test kit using the ascorbic acid method 
and PhosVer® (ascorbic acid) reagent pillows (Ge et al., 2020). Nitrate- 
nitrogen (NO3-N) was measured using the HACH test kits (NitraVer 5 
Nitrate Reagent Powder Pillows) (M. Wang et al., 2017). The Chemical 
oxygen demand (COD) was determined by Reflux Titrimetric Method 
(Part 5220 method C) (Fahim et al., 2021). The biochemical oxygen 
demand (BOD5) was determined using the WTW OxiTop® measurement 
unit in accordance with the manufacturer’s instructions (Punyapwar & 
Mutnuri, 2020). 

Enumeration of Escherichia coli 

3M™ Petrifilm™ Select E. coli (SEC) Count Plates were used to count 
and isolate E. coli according to the manufacturer’s instructions. In short, 
one milliliter of sample was inoculated onto SEC plates and incubated at 
44 ◦C for 24 h after being diluted appropriately in 0.1% buffered 
peptone water. Regardless of size or color intensity, all blue E. coli col-
onies on the SEC plates with trapped gas were counted and identified as 
E. coli. If no colony was found on the SEC plates, the concentration was 
reported as less than 1 CFU/mL (detection limit), which is equivalent to 
0 log CFU/mL (Medina & Jordano, 2019; Ofred et al., 2016). 

Wetland removal efficiency 

The removal efficiency of CW was calculated by the percent differ-
ence in values denoted as the removal percentage (r %) for all the 
wetland settings and was calculated by using following equation (Eq. 
(1)) 

Removal % =
Cin − Cout

Cin
× 100 (1)  

where Cin = Concentration of a parameter in influent and Cout = Con-
centration of parameter in effluent. 

Results 

Physicochemical parameters 

The observed values of the physicochemical parameters are used as 
indicators of effluent quality in compliance with standards. The average 
concentrations of the physicochemical properties for the influent and 
effluent samples are shown in Table 1. 

The comparison of the TSS, COD, BOD, turbidity, nitrate, and 
phosphate concentrations in relation to the standard values is shown in 
Fig. 2. Despite decreases in many parameters, only turbidity falls within 
the permitted levels of wastewater discharge. 

Biodegradability index 

The BOD5/COD ratio, also known as the Biodegradability Index (BI), 
was calculated to assess the biodegradability of pollutants in hospital 
wastewater (Lai et al., 2011). According to the results of this study 
(shown in Fig. 3), BI for influent ranges from 0.2 to 0.9 with an average 
of 0.5, while BI for effluent ranges from 0.3 to 0.7 with an average of 0.4. 
The findings indicate that there was a weekly fluctuation in the relative 
effluent biodegradability. 

Fig. 1. Layout of the constructed wetland.  
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Enumeration of Escherichia coli 

Fig. 4 presents the results for the enumeration of E. coli in influent 
and effluent samples over a period of 13 weeks. E. coli concentration in 
the influent samples ranged from 2.5 × 104 CFU/mL to 1.1 × 106 CFU/ 
mL, while concentration in the effluent samples ranged from 1.1 × 101 

CFU/mL to 1.1 × 102 CFU/mL. For influent and effluent, the average 
values were 5.21logCFU/mL and 1.77logCFU/mL, respectively. These 
data demonstrate a significant decrease in E. coli following treatment in 
the CW. E. coli concentrations in wastewater were reduced by roughly 
3.44log CFU/mL. The amount of E. coli in the effluent was almost within 
the acceptable level for disposal of effluent. 

Discussion 

Physicochemical characterization 

The physicochemical characterization of hospital wastewater in-
cludes the evaluation of different parameters (Abd El-Gawad & Aly, 
2011). The results of the physicochemical characteristics in our study 
revealed that some parameters, such as BOD, COD, TSS, Nitrates values, 
were higher than the Tanzanian standards established for wastewater 
discharge into the environment. pH is a basic characteristic that is 
incredibly essential since it controls the majority of chemical reactions 
in the aquatic environment. It is a measure of acidity or alkalinity of 
water. Anything very acidic or alkaline would be harmful to aquatic life. 
Aquatic organisms are sensitive to pH variations. Heavy metal toxicity is 
also increased at certain pH levels. This makes pH a critical parameter to 
determine for water and wastewater quality (Hassan et al., 2021; 
Lokhande et al., 2011). In the present study, the average values of pH 
were 6.93 ± 0.59 and 7.48 ± 0.63 for influent and effluents respec-
tively. According to the results, the pH of the effluent has increased as 
compared to the pH of the influent. This can be explained by the pro-
duction of ammonia gas during the anaerobic breakdown of organic 
nitrogen (Autlwetse & Kimwaga, 2022). Additionally, plants that engage 
in intensive photosynthesis raise the water pH (Kiflay et al., 2021). 
However, the pH of the influent and effluent both fall within the 
permissible range of 6.5–8.5, which is ideal for aerobic bacteria (Per-
matasari et al., 2018). 

EC is a unit used to describe how well a liquid conducts an electric 
charge. EC is determined by the measurement temperature, ionic 
strength, and dissolved ion concentrations (Rusydi, 2018). Water’s EC is 
a simple and accurate indication of salinity or total salt concentration 
(Patel et al., 2017). Results in Table 1 show that, the average EC of the 
effluent (2441 ± 623 µS/cm) is higher than that of the influent (2360 ±
918 µS/cm) by 3%. Similar results were reported at the University of Dar 

Table 1 
Physicochemical characteristics of wastewater in this study.   

Standards Influent Effluent 

Parameter Unit  Range Mean ± SD Range Mean ± SD 

pH Numeric 6.5–8.5 6.5–7.5 6.93 ± 0.59 6.9–8.1 7.48 ± 0.63 
EC µS/cm  1566.8–3236.6 2360 ± 918 1918.4–3001.9 2441 ± 623 
Temp ◦C 20–35 23.9–26.6 25.2 ± 1.58 23.8–26.0 25.4 ± 1.64 
TDS mg/L 3000 776.6–1477.9 1218 ± 479 1057.8–1634.5 1305.5 ± 396 
TSS mg/L 100 224.5–324.7 270.38 ± 66.1 6.9–102.2 49.17 ± 53.11 
Turbidity NTU 300 98.5–200.9 150 ± 57.2 0.8–32.6 9.1 ± 14.83 
DO mg/L  0.5–1.0 0.75 ± 0.34 6.0–7.4 6.8 ± 0.94 
COD mg/L 60 196.9–446.3 329.2 ± 135.6 132.7–208.6 170.4 ± 40.6 
BOD5 mg/L 30 74.3–183 140.9 ± 66.8 47.4–96.7 74.8 ± 33.5 
NO3-N mg/L 20 75.9–139.6 108.5 ± 36.8 10.9–84.7 45.4 ± 39.97 
PO4-P mg/L 6 (TP) 0.9–2.1 1.55 ± 0.66 2.3–6.7 2.30  

Fig. 2. Comparison between standard, influent and effluent parameters.  

Fig. 3. Variation in biodegradability index (BOD5/COD ratio) of influent 
and effluent. 

Fig. 4. E. coli enumeration in influent and effluent samples.  
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es Salaam in Tanzania, where wastewater effluent from the University’s 
waste stabilization ponds was treated in a horizontal flow CW (Mashauri 
et al., 2000). This might be because plant decomposition releases nu-
trients back into the water, increasing the conductivity by raising the 
concentration of dissolved ions. It might also result from organic con-
taminants being degraded into less complex organic components (Kiflay 
et al., 2021). 

Several chemical and physical properties of water, such as gases 
solubility, chemicals reactivity and toxicity, and microbiological activity 
are all strongly influenced by temperature (Wilson & Worrall, 2021). 
Higher temperatures make dissolved oxygen less soluble, lowering its 
concentration and, consequently, its availability to aquatic species 
(Dallas, 2008; Miller & Young, 2022). High microbial activity at the 
higher temperature speeds up oxygen depletion if the organic loading is 
high. The habitat temperature has also an impact on aquatic organisms’ 
growth, reproduction, and distribution (Bhatia et al., 2018; Miller, 
2021). The temperature of CW water is directly related to the temper-
ature of the air and has an effect on total treatment efficiency (Udom 
et al., 2018). According Table 1, the temperature of influent during 
sampling ranged from 23.9 to 26.6 ◦C, while effluent temperatures 
ranged from 23.8 to 26.0 ◦C. There is no significant variation (p ˃ 0.05) 
in temperature between the influent and effluent. Both influent and 
effluent temperature fall in the acceptable range (25–35 ◦C) which is 
suitable for high microbial activities (Mairi et al., 2001). 

TDS is a measure of the total inorganic and organic content of a 
liquid in ionized, molecular or microgranular (colloidal sol) suspended 
form. TDS is made up of inorganic salts (mostly calcium, magnesium, 
potassium, sodium, bicarbonates, chlorides, and sulfates) and some 
organic matter that is dissolved in water (Gupta et al., 2016). A high TDS 
affects water density, gas solubility including oxygen, osmoregulation of 
freshwater in organisms, and the use of water for many applications 
including irrigation, drinking, and industrial (Lokhande et al., 2011). 
TDS results in the current study were 1218 ± 479 mg/L and 1305.5 ±
396 mg/L for influent and effluent respectively. The results show in-
crease in TDS from influent to effluent by 7%. They both fall in the 
acceptable levels for effluent discharge. TDS and EC exhibit a correlation 
such that the TDS readings in each measurement were roughly half the 
EC values. The explanation for TDS observations is the same as the one 
provided for EC observations. 

TSS are regarded as one of the main contaminants that lead to the 
decline in water quality (Verma et al., 2013). Increase in water sus-
pended solids levels hinder the efficient exchange of oxygen between 
water and air. They have the potential to suppress aquatic animals from 
breathing. They cause an increase in turbidity, which causes oxygen 
level to decrease. Additionally, it may prevent the necessary light from 
entering the aquatic system, which would reduce the capacity of various 
algae and flora to produce food and oxygen. Because suspended solids 
can directly absorb sunlight, the water becomes warmer and has less 
dissolved oxygen (Wei et al., 2020). TSS removal in CWs is accomplished 
through a variety of mechanisms. This includes the deposition process 
that results from the interception of suspended solids due to the slower 
water flow through wetland substrate. Additionally, it comprises filtra-
tion and aggregation or flocculation (Rahmadyanti & Febriyanti, 2020). 
TSS results in the current study were 270.38 ± 66.1 mg/L and 49.17 ±
53.11 mg/L for influent and effluent respectively. This shows that the 
system is capable of removing up to 82 % of TSS. 

Turbidity is a measurement of water clarity, how deep down the 
water column light can penetrate (Balaji et al., 2018; Scholz, 2016). 
Turbidity is the result of presence of suspended particles, which vary in 
size from large flocs to incredibly tiny colloidal particles. Infrared and 
visible electromagnetic radiation is scattered and absorbed by these 
particles (Fereja et al., 2020). High water turbidity lowers the amount of 
light available to photosynthetic organisms (Obinnaa & Ebere, 2019). 
The findings of the present study demonstrated the CW’s outstanding 
effectiveness in removing turbidity from hospital wastewater. Around 
94% of the wastewater turbidity was removed by the system, from 

influent with 150 ± 57.2 NTU to effluent with 9.1 ± 14.83 NTU. 
DO is the amount of oxygen available in aquatic environment to 

aquatic organisms (Patel et al., 2017). DO is a state variable that regu-
lates chemical oxidation, respiration, photosynthesis, and the exchange 
of oxygen between water masses (Carstensen et al., 2012). When there is 
little or no DO, oxidation occurs through the reduction of inorganic salts 
or the action of methane-forming bacteria that produce unpleasant end 
products (Muttamara, 1996). DO is generally a limiting factor in the 
removal of organic and inorganic contaminants such as nitrogen in CWs 
(Valipour & Ahn, 2017). The results from this study show that the 
hospital wastewater had DO of 0.75 ± 0.34 mg/L and 6.8 ± 0.94 mg/L 
for influent and effluent respectively. A combination of plant rhizo-
spheric oxygen release and air–water interphase oxygen transfer from 
the atmosphere contribute to the increase in DO (Zhai et al., 2012). 

COD is the quantity of oxygen equivalents spent during the oxidation 
of organic compounds by strong oxidizing agents like dichromate and 
permanganate (Silva et al., 2009). It is a sign of the presence of reducing 
agents in the water, such as organics, nitrite, sulfide, ferrous salts, etc., 
with organics predominating. The aquatic life suffers when the oxygen 
in the water system is reduced significantly due to a high COD content. A 
high COD value indicates that there is little microbial activity, which 
slows down the rate at which organic matter degrades (J. P. Patel & 
Parsania, 2017; Udom et al., 2018). The results from the current study 
shows removal of hospital wastewater COD by only 48 %. This is from 
329.2 ± 135.6 mg/L to 170.4 ± 40.6 mg/L after the treatment process. 
In a similar study conducted to evaluate the efficiency of CW for hospital 
wastewater treatment the systems managed to remove COD by 64.9% in 
India (Parashar et al., 2022) and by 80% in Thailand (Vo et al., 2019). 

The BOD5 value is the amount of dissolved oxygen that aerobic 
biological organisms in a waterbody require to decompose organic 
matter present in a given water sample at a given temperature over a 
particular time period (Gupta et al., 2016) usually 5 days (Jouanneau 
et al., 2014; Kitalika et al., 2016). It is a method of indirectly quantifying 
existing organic or chemical pollutants that biodegrade in the presence 
of oxygen in water (Maddah and Ponnusamy, 2022). The degree of ox-
ygen depletion in the water bodies increases with increasing BOD5 
content. High BOD5 levels have comparable implications to low dis-
solved oxygen levels; aquatic organisms become stressed, suffocate, and 
die (Aniyikaiye et al., 2019). This decrease in BOD5 can be driven by a 
range of mechanisms, including microbial degradation and physical 
processes such as settling, filtration, and predation of particulate organic 
matter (Kimwaga et al., 2004).The results in this study show that the CW 
system achieved BOD5 reduction by only 47%. This is low performance 
when compared to a similar study done in India where 96% of BOD was 
removed from hospital wastewater in CW (Khan et al., 2020). 

Water and wastewater contain four different types of nitrogen: ni-
trite, nitrate, organic nitrogen, and ammonia nitrogen. Most nitrogen in 
sewage-contaminated water is present as organic and ammonia com-
pounds, which can be converted by microorganisms into nitrites and 
nitrates (APHA, 2017; Samer, 2015). Nitrate, a basic nutrient for plant 
growth, has the potential to be a growth-limiting nutrient factor. Too 
much nitrate in surface water can encourage eutrophication, which 
degrades the water’s quality (Berkessa et al., 2019). Infants’ health is 
immediately and seriously threatened by consuming water with an 
excessive nitrate concentration (greater than 10 mg/L) (Hassan Omer, 
2020; Kitalika et al., 2016). So, discharge of nitrate into the environment 
should be controlled. In the current study the influent and effluent had 
108.5 ± 36.8 mg/L and 45.4 ± 39.97 mg/L of nitrate respectively. This 
is around 58 % removal of nitrate. Despite this removal, the effluent has 
nitrate content above the discharge allowed level. Low nitrate removal 
may be explained by low denitrification process (Khan et al., 2020). The 
performance of the CW for removal of nutrients such as nitrogen can be 
increased by plants harvesting (Wang et al., 2021). This will reduce the 
release of nutrients from plants decomposition and the possibility of 
substrate clogging (Álvarez & Bécares, 2008; Tanaka et al., 2015, 2016). 

High nutrients (nitrogen and phosphorus) content in wastewater has 
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potentially adverse effects on the ecosystem. Similar to nitrogen, 
releasing wastewater that contains a lot of phosphorus promotes 
eutrophication in receiving water bodies (Autlwetse & Kimwaga, 2022; 
Balachandran et al., 2018; Kiflay et al., 2021). Water source eutrophi-
cation may also produce environmental conditions that encourage the 
growth of cyanobacteria that produce toxins, and human exposure to 
such toxins is dangerous (Edokpayi et al., 2017; Nayan et al., 2020). In 
addition, releasing organic-rich waste water into the environment cau-
ses a rapid decline in the amount of dissolved oxygen in the water bodies 
it enters, which has the unintended consequences of causing aquatic life 
to die and disturbing the balance of the ecosystem (Egbuikwem et al., 
2021; Liang et al., 2017). Phosphorus removal in CWs is accomplished 
through precipitation, bacterial removal, adsorption and plant uptake 
(Albalawneh et al., 2016; Shukla et al., 2021) results in the current study 
shows that the average phosphorus in the influent and effluent were 
1.55 ± 0.66 mg/L and 4.52 ± 2.30 mg/L respectively. This shows the 
general increase in phosphate in the wastewater after passing through 
the CW. This may be caused by the release of nutrients from decom-
posing plants. As explained for nitrates, the solution to this includes 
plant harvesting (Álvarez & Bécares, 2008; Vymazal, 2011). 

Biodegradability index 

As described before, both influent and effluent high COD and BOD 
values beyond the established standards for effluent discharge. The 
BOD5/COD ratio ranged from 0.2 to 0.9 for the influent which is a 
normal case and this waste is easily degradable by the biological pro-
cesses. As for the effluent (treated sewage) the BOD5/COD ratio varied 
from 0.3 to 0.7. Theoretically, for domestic wastewaters, the BI ranges 
from 0.4 to 0.8 (Al-Sulaiman & Khudair, 2018). If the BOD5/COD ratio is 
between 0.3 and 0.6, seeding is required to treat it biologically, since the 
acclimation of the microorganisms that aid in the degradation process 
takes time due to the slow biodegradation process. BOD5/COD ratio of 
less than 0.3 indicates the presence of organic compounds in the 
wastewater that are difficult to biodegrade, possibly toxic, and non- 
biodegradable. This wastewater cannot be treated biologically (Mesda-
ghinia et al., 2015; Rim-Rukeh & Agbozu, 2013). Results from this study 
shows that the average effluent’s BOD5/COD ratio is slightly low when 
compared to the ratios in the influent, giving clear evidence that the 
organic matter in the wastewater has undergone biological degradation 
(Zhao et al., 2018). Each stage of conventional wastewater treatment 
results in a decrease in the BOD5/COD ratio. This happens mainly 
because the existing bacteria first breakdown the biodegradable 
component of organic matter, as measured by the BOD5, while the more 
inert fraction of organic matter often remains constant throughout 
treatment (Abbas et al., 2022). Despite of the small difference in average 
values of BOD5/COD ratio observed in this study, in both influent and 
effluent, the minimum values is below 0.4. This suggests that the 
wastewater contains non-biodegradable organic matter which may 
include xenobiotic compounds such as surfactants (Prokkola et al., 
2022). This means that before influent can be treated via biological 
treatment, a pre-treatment procedure may be necessary to increase its 
biodegradability index. 

Escherichia coli 

The reduction in E. coli concentration in this study was 3.44 log. As a 
result, the effluent was within the permitted values for discharge. Some 
studies have indicated a 4.5 log reduction in pathogens from domestic 
wastewater in CW (Vega De Lille et al., 2021). Typha latifolia-planted CW 
was reported to reduce E. coli from domestic wastewater by 3.9 log 
(Martinez-Guerra et al., 2018). In Egypt, the effectiveness of CW inte-
grated with septic tanks on removing fecal coliform was examined. The 
findings demonstrate that the fecal coliform count was decreased by 
almost 5 log (Abdel-Shafy & El-Khateeb, 2013). A membrane bioreactor 
(MBR) and disinfection with either chlorine or ozone were used in 

another investigation to reduce E coli by more than 6 log from hospital 
effluent (Chiemchaisri et al., 2022). In a different study, carried out in 
Tanzania, the efficacy of fecal coliform bacteria removal from waste-
water in waste stabilization ponds in the Morogoro, Mwanza, and Iringa 
regions was assessed. The largest reduction in fecal coliforms seen in this 
investigation was 3.8 log (Zacharia et al., 2019). 

Conclusion 

This study investigated the physicochemical characteristics of 
wastewater from the Benjamin Mkapa Hospital in Dodoma Tanzania. 
The monitoring of the quality of the effluent from the wastewater 
treatment system is done to comply with the Tanzanian effluent quality 
discharge standards for municipal and industrial wastewaters. This 
study revealed a significant decline in the physicochemical character-
istics of the discharged wastewater effluents and shows that the treat-
ment processes seem to be ineffective at producing effluents of 
acceptable standard. E. coli concentration was decreased by 3.44 log 
which made the effluent be discharged with E. coli concentration 
ranging from 1.1 × 101 CFU/mL to 1.1 × 102 CFU/mL. The levels of 
COD, BOD, and nitrates were higher than the Tanzanian government’s 
permitted discharge levels despite the observed decrease from influent 
to effluent. The system only effectively removed turbidity and TSS. The 
effluent contained higher levels of EC, TDS, and PO4-P than the influent. 
Small difference in average values of BOD5/COD ratio between influent 
and effluent, suggests presence of non-biodegradable organic matter 
which may include xenobiotic compounds such as surfactants. The 
performance of the system may be impacted by the substrate clogging, 
degradation of plants, and inadequate pretreatment of the wastewater. 
Improving the efficacy of wastewater treatment will require interven-
tion in the wastewater treatment system. 
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