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ABSTRACT 
 
 
Through the Quarry Life Award (QLA), a pilot subsurface flow Constructed Wetland (CW) 
unit planted with Typha spp and coupled with septic tank was established in the cement 
quarry based at Tanzania Portland Cement Company (TPCC), Wazo Hill, Dar Es Salaam, 
Tanzania. It was established to investigate its performance in treating domestic wastewater, 
recovering nutrients and examine the outcomes of nutrient rich water to biodiversity 
enhancement along what is called integrated process. While investigation on treatment 
performance concentrated on BOD and Faecal Coliforms (FC) removal, the exploration of 
nutrient recovery capability of CW concerted on Nitrate Nitrogen, Ammonia Nitrogen and 
Total Phosphorus. The assessment of the CW outcomes to biodiversity enhancement looked 
at the influence on the quantity and type of biological species over the study area. 
 
On average, BOD concentrations were 168.33±28.58 mg/l and 22.50±9.35 mg/l in the CW 
influents and effluents respectively. This is equivalent to the BOD removal efficiency of 
86.60%. This is a positive result as it meets TBS/WHO recommended effluent discharge 
standards. On the other side, FC counts in the CW effluents were higher than TBS/WHO 
recommended effluent discharge standards. In the CW influents and effluents, FC counts 
were 208,583.33±27947.12 and 105666.67±13470.96 per 100mls respectively. This is 
equivalent to the system efficiency of 49.60% on FC removal. Besides, FC decreasing trend 
with time was also observed in the CW effluent.   
 
As far as nutrient recovery is concerned, Nitrate, Ammonia and Total Phosphorus 
concentrations in the CW influents and effluents were 0.31±0.23 NO3 mg/l to 0.44±0.16 NO3 
mg/l; 0.65±0.06 NH3 mg/l to 0.79±0.07 NH3 mg/l; and 0.89±0.04 P mg/l to 0.20±0.03 P mg/l 
respectively. The results therefore revealed that CW system can successful recover Nitrate 
and Ammonia from wastewater by 42% and 21% respectively. Total Phosphorus on the other 
hand was observed to deplete by 77.40% instead of replenishing.      
 
Assessment of the outcomes of the CW system to enhancing biodiversity over the study area 
observed the CW to significantly generate and sustain Typha plant species that was used as 
macrophytes and bacteria microorganisms that originated naturally to serve as workhorses in 
the wetland treatment processes. Also, the CW unit was observed to attract a number of birds, 
butterflies and mammal species over the study area. Specifically, identified fauna include 
common bulbul, cheeked cordon blue, house sparrow, bronze manikin, vervet monkey and 
banded mangoose. While birds were observed to play and nest within the CW system, banded 
mangoose were cutting and eating typha plants.  
 
These results promises that, upon optimization of treatment processes, CW can adequately 
and successful be used to treat wastewater, recover nutrients and discharge water for reuse 
especially in biodiversity enhancement. The study therefore suggests joint efforts to formalize 
and disseminate CW technology for decentralized wastewater treatment, water reuse and 
biodiversity enhancement. Specifically, the study advice TPCC to implement a large scale 
integrated wastewater management and nutrient recovery and make link to the ongoing TPCC 
quarry rehabilitation and renaturation project. In so doing, the company will adequately treat 
its wastewater, boost the ongoing rehabilitation works in the quarry through nutrient rich 
water, enhance biodiversity within the quarry and reduce operation costs related to 
wastewater management 
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1.0 INTRODUCTION 
There is an intrinsic connection between biodiversity conservation, water and sanitation 
(Bonnardeaux, 2012). One link which has been widely acknowledged is an integral and 
viscous cycle between them whereby, with appropriate technologies, wastewater can be 
treated to produce fit-for-purpose water with recovery of nutrients to enhance biodiversity 
conservation in terms of flora and fauna. For the communities in low income countries, 
especially Sub-Saharan Africa, which experience the highest proportion of people without 
access to water and sanitation services (UNICEF & WHO, 2008), this relationship promise 
significant benefits in terms of public health, economic gains and environmental 
sustainability. However, the implementation of integrated projects of this nature is very 
minimal, partly due to inadequate knowledge of and lack of enough research data on their 
applicability and appropriateness.  
 
Globally, there is scientific recognition of CW technology in treating and polishing 
wastewater not only to meet recommended effluent discharge standards but also to recover 
nutrients necessary for the conservation of biological species along what is called integration 
process. The technology bases on ecological engineering principles thereby employing 
wetland vegetation, substrates and microorganisms to treat wastewater (USEPA, 2004). They 
are designed to imitate the same processes taking place within the natural systems but in a 
more controlled manner. Literature suggests that the systems have lower total lifetime costs, 
lower capital costs, lower air and water emissions, lower secondary wastes, lower operations 
and maintenance costs and ability to tolerate high fluctuations in flow than conventional 
treatment systems (Njau and Gastory, 2010). As such, the technology promises significant 
benefits especially for the communities and industries in low income countries like Tanzania. 
Yet, the technology has not received the deserved attention as an alternative method for 
wastewater treatment, mostly due to lack of awareness and in-formalization of the 
technology. Intensive researches and publications on its wider range of applicability will have 
positive results towards its transfer, formalization and environment conservation. 
 
This research study, through QLA programme, was designed to extend an understanding of 
integrated system that incorporates wastewater treatment, water reuse and biodiversity 
conservation. Specifically, the project intended to test the applicability of CW system in 
treating domestic wastewater to recommended discharge standards for reuse in quarry 
restoration hence enhancement of the diversity of biological species. The project was 
implemented at TPCC cement quarry based at Wazo Hill, Dar Es Salaam, Tanzania.   
 
 
2.0  OBJECTIVES   
2.1  Main Objective 
The principle objective of this study was to extend an understanding of integrated system that 
incorporates wastewater treatment and reuse for enhancement of biodiversity conservation.   
 
2.2  Specific Objectives  
Pursuant to the main goal, the study had the following specific objectives:  
a) Extend an understanding of the performance of CW system in treating domestic 

wastewater to recommended effluent discharge standards  
b) Examine the performance of CW system in recovering nitrogenous and phosphate 

nutrients which are necessary for biodiversity conservation  
c) To assess the outcomes of nutrient rich treated water to the enhancement of biological 

species over the study area  
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3.0 BACKGROUND INFORMATION  
 
3.1 Site Description  
Tanzania Portland Cement Company Limited (TPCC) is a large company which is in the 
business of manufacturing, selling and distribution of high quality construction cement in 
Tanzania. Its quarry and factory are located at Wazo Hill, 25 km north of the Dar es  
Salaam city centre. The area experiences tropical climatic conditions, typified by hot and 
humid weather throughout much of the year. Like other parts of Dar Es Salaam, the study 
area receives over 1000 mm rainfall per year whereas mean annual maximum temperature is 
30.8oC and mean annual minimum temperature of 21.3oC (START, 2011).  
 
The quarry accommodates a number of natural and manmade features including boreholes, 
water ponds, guard posts, water storage facilities, materials store and working offices for the 
various activities in the quarry. It also contains various biological flora and fauna species 
which are currently enhanced by the ongoing quarry rehabilitation and renaturation project 
with which a large tree nursery has been established in the quarry. Besides the tree nursery is 
building structure accommodating four rooms; a working office, materials store, kitchen as 
well as bathing and toilet room. The structure is used by an average of 8 people, five days a 
week in the course of carrying the various activities as part of the ongoing quarry 
rehabilitation and renaturation project. To better manage wastewater generated by these 
people, septic tank – soak pit facilities were established to serve treatment purpose.  
 
As part of the Quarry Life Award Programme, an experimental CW unit was established 
downstream the existing septic tank to receive all its effluents. As such, the quantity and 
quality of wastewater flowing into the CW unit did depend on the upstream conditions. At 
sometimes, absence of inflows was experienced due to absence of wastewater generators. It 
should also be noted that, during the study period it was not possible to get stormwater runoff 
due to absence of rainfall, despite of its inclusiveness in the original plan.     

 
 
3.2 Ongoing Development  
As pointed out earlier, the Quarry Life Award Programme at TPCC was in line with the 
implementation of the Quarry Rehabilitation and Renaturation Project. It was a three years 
project initiated in October 2010. The project intended to restore the disturbed ecosystems at 
TPCC quarry as a result of cement extraction, join local and global efforts in addressing 
environmental problems and promote participatory approaches in addressing environmental 
problems. Specifically, the project embraced three main components: (1) Rehabilitation and 
restoration of TPCC cement quarry (2) Environmental awareness raising and capacity 
building and (3) Promotion of urban forestry concept. The project aimed at establishing a 
large tree nursery, raise, distribute and plant about 100,000 trees of different species.  
 
The project is implemented in the view of Public – Private Partnership approach whereby the 
main project proponents are TPCC, Heidelberg Cement Group headquartered in Germany, 
The Germany Technical Cooperation (GIZ), UVIKIUTA and the Jane Goodall Institute, 
Tanzania office. Other stakeholders are local government authorities, nongovernmental 
organizations, schools, higher learning institutions, local community members especially 
those surrounding the TPCC cement quarry. 
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METHODS 
 
4.1  Baseline Study  
It all started with the baseline assessment. The assessment was meant to objectively establish 
the benchmark thereby documenting the existing data and information necessary for the 
design, establishment, operation and maintenance of the proposed CW unit as core 
component in the proposed integrated system. The study was accomplished through physical 
field surveys, literature search and stakeholder consultations. Specifically, the baseline study:   
 Gathered the general information about TPCC quarry and the ongoing activities 
 Identified the best location for the CW unit and set the general layout  
 Collected baseline data on the population, wastewater generation, wastewater 

characteristics, existing wastewater treatment techniques and final disposal  
 Carried out surveys to identify and assess the suitability of locally available 

macrophytes and substrates for the proposed CW unit (Plates A2.1 in Annex 02). 
 Identified locally available materials for the construction of CW unit  
 Established the baseline biodiversity status focusing on flora and fauna  
 
 
4.2 Experimental Design       
An experimental, Horizontal Sub-surface Flow Constructed Wetland (HSSFCW), well fitted 
into the existing topography, was designed and built downstream the septic tank at the quarry. 
The unit was established at 06’39.373” and 039’09.923” (See Annexes 1). Its design did base 
on first order, plug flow reaction kinetics for BOD removals (See Annex 4) which is the 
common approach used in designing wastewater treatment plant. Besides, mass transfer 
processes for pollutant removal in tropical climatic conditions as suggested by Njau et. al. 
(2010) was also considered. Critical wastewater pollutant parameter that were considered 
during the design stage were Biochemical Oxygen Demand (BOD5), Total Suspended Solids 
(TSS), Nitrate Nitrogen (NO3-N), Ammonia Nitrogen (NH3-N), Phosphorus (P) and Faecal 
Coliforms (FC). Heavy Metals were not taken into account in the design as it was 
insignificant for the type of wastewater in place. The system was designed to meet the local, 
Tanzanian standards as provided by Tanzania Bureau of Standards (TBS). In the absence of 
local standards, WHO standards were adopted.   
 
The design flow was 3.5m3/day; expected that 0.5m3/day would come from the existing 
septic tank and 3.0m3/day would come as stormwater runoff during the rainy season. The 
length and width of the experimental CW unit were 6.0m and 1.5m respectively (Annex 5). 
The overall experimental setup therefore covered an effective surface area of 9m2. The filling 
medium consisted of clean and graded limestone gravel with size ranging from 12 – 20 mm 
uniformly packed to cover a depth of 0.6m from the bottom of the bed to better accommodate 
the root system for the type of selected plants. Inlet and outlet pipes were established at 0.6m 
and 0.5m respectively from the bottom of the bed. It was made so to provide for hydraulic 
flow of wastewater into the system while maintaining water level at 0.5m from the bottom of 
the bed. The cell was planted with cattails (Typha spp.) at an initial planting density of 
3plants/m2 as suggested by literatures. The inlet and outlet zones were packed with boulder 
stones (50mm – 100mm diameter size) to ensure uniform distribution of wastewater within 
the system. The wastewater conveyance system was made of PVC pipes, 1.5 inches diameter 
size. The CW unit was design to discharge its effluent to the nearby grasses and trees within 
the quarry to cater for irrigation purposes, hence biodiversity enhancement.    
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4.3 Experimental Operation 
A tentative monitoring programme begun May 2012 and it went all along to July 2012 (about 
10 weeks) for macrophytes and microorganisms establishment to better create desired 
wetland conditions. During the operation phase, three main activities were carried out; (1) 
allowance of wastewater to flow past the CW unit while observing the design retention time 
(1 day for this matter), (2) sampling of wastewater and (3) field and laboratory analysis of 
wastewater samples to suit the desired objectives (see Plates A2.2 in the Annex 2).  
 
Though the system was designed to receive domestic wastewater from the existing septic 
tank and stormwater runoff, it was not possible to run it with stormwater runoff due to 
absence of rainfall during the research study. As such, the system was operated to entirely 
depend on the domestic wastewater generated at the site which ranged between 0.5m3/day 
and 1m3/day. The system behaved as a batch system due to the upstream situation i.e. because 
wastewater was generated during the day time only.   
 
 
4.4 Sampling Method and Statistical Analysis 
Sampling and laboratory analysis started from July to September 2012. The sampling strategy 
was designed to collect wastewater samples on weekly basis.  Wastewater samples were 
collected from the inlet and outlet of the CW unit using 1L or 2L plastic bottles. Also, 
samples were collected from the existing tap which was used for the ongoing restoration 
activities in the quarry; this was used as a control source. Onsite analysis was carried out to 
record wastewater flow, ambient temperature and wastewater temperature (Table 5.1 in 
Annex 3). Collected wastewater samples were careful stored in a cool box and taken to the 
College of Engineering and Technology (COET) based at the University of Dar es Salaam for 
laboratory analysis, about 1 hour travel (See Plates A2.2 in Annex 2). The samples were 
analyzed for pH, Electrical Conductivity (EC) and Total Dissolved Solids (TDS) using a 
combination pH, BOECO PT-370 and EC/TDS meter, BOECO CT-470. They were also 
analyzed for Biochemical Oxygen Demand (BOD5), Total Dissolved Solids (TDS), Nitrate 
Nitrogen (NO3-N), Ammonia Nitrogen (NH3-N), Phosphorus (P) and Faecal Coliforms (FC). 
The samples were analyzed in accordance with Standard Methods for the Examination of 
Water and Wastewater, APHA (1998).  
 
 
4.5 Data Analysis  
The results were expressed in terms of standard concentration of each tested parameter. For 
the purpose of checking the performance of the CW unit to treating domestic wastewater, the 
results were compared to the recommended effluent discharge standards. For the purpose of 
testing the capability of the CW unit to recover nutrients from wastewater, the inlet and outlet 
nutrient concentration were compared. In addition, nutrient concentrations in effluent samples 
were compared to the nutrient concentrations in the existed tap water source which was used 
in the quarry for the rehabilitation and renaturation project.  
 
 
4.6 Post Biodiversity Study  
Finally, the post biodiversity study was carried out. It aimed at establishing the biodiversity 
status over the study area after six months of project implementation. The overall goal was to 
find out the influence and outcomes of the undertaken activity to the biodiversity 
enhancement. The goal was accomplished thereby comparing the biodiversity status before 
and after the QLA activity. Care was taken to avoid outcomes related to confounding factors.   



6 
 

 

RESULTS AND DISCUSSION  
 
5.1 Introduction  
This section presents the results and discussion of the research study. They are presented 
based on the three objectives of the study.  
 
5.2 Performance of CW system in treating domestic wastewater  
 
5.2.1  pH Results and Discussion  
pH is a measure of hydrogen ions concentration. In this study, pH values for the CW influents 
ranged from 7.29 – 7.55 with mean average of 7.4±0.10. The values for the CW effluents 
ranged from 6.75 – 7.16 with mean average of 6.98±0.16 (Tables 5.2 in Annex 3).  
 
The results obtained reveals that pH values in the influents varied from time to time possibly 
due to variations of alkalinity in the raw sewage. Results also entails that pH in the influent is 
higher than pH in the effluents possibly due to decrease in alkalinity in the CW cells. 
Performance wise, the results agree with the local effluent discharge standards as 
recommended by TBS which requires the pH to be of a range of 6.5 – 8.5.   
 
 
5.2.2 Electric Conductivity (EC) Results and Discussion  
EC estimates the amount of total dissolved salts or the total amount of dissolved ions in the 
water. Results from this research study showed that EC values for the influents ranged from 
2790 – 2832 μS/cm with mean average of 2819.67±16.61 μS/cm. For the effluents, the EC 
values ranged from 3630 – 3910 µS/cm with mean average of 3736.67±105.01 µS/cm (Table 
5.3 in Annex 3).    
 
Generally EC values were higher because the source itself had higher EC values (ranged 
between 2570 – 2610 μS/cm). However, results reveal that EC values are higher in the 
effluents than in the influents. The possible cause for this might be the substrate type used 
(limestone) which caused dissolution of carbonate minerals in the CW systems.  

 
 

5.2.3 Total Dissolved Solids (TDS) Results and Discussion  
TDS measure inorganic salts and organic matter that are dissolved in wastewater. Results 
from this study showed that TDS values for the influents ranged from 1590 – 1690 mg/l with 
mean average of 1640.00±32.25 mg/l. The TDS values in the effluents ranged from 2170 – 
2310 mg/l with mean average of 2266.67±60.22 mg/l (Table 5.4 in Annex 3).  
 
The results obtained show that TDS values in the influents varied from time to time possibly 
due to variations in the upstream conditions in the raw sewage. Further, the results entails that 
TDS in the effluents is higher than TDS in the influents possibly due to increase in alkalinity 
as a result of suspension of carbonate minerals brought about by the substrate (limestone) 
used in CW cells. Yet, observed TDS values in the treated wastewater are in line with local 
effluent discharge standards as per TBS which requires TDS values to be less than 3000 mg/l 
for direct discharge of wastewater into the receiving waters.   
 
5.2.4 BOD5 Results and Discussion   
BOD is a measure of organic loading in wastewater. It is a very critical parameter which is 
normally used as a gauge of the effectiveness of wastewater treatment system.  Figure 5.1 
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below shows the BOD removal performance and efficiency of CW planted with Typha spp. 
The influent BOD concentrations ranged from 140 – 220 mg/l with average concentration of 
168.33±28.58 mg/l. The effluent BOD concentration ranged from 10.0 – 35.0mg/l with 
average concentration of 22.50±9.35 mg/l (Table 5.5 in Annex 3). This is equivalent to the 
system efficiency of 86.60%.  
  

 
Figure 5.1: Performance and Efficiency of CW on BOD5 removal  

 
The results entail that the system performed better as it met recommended effluent discharge 
standards by Tanzania Bureau of Standards (TBS). The results are in-line with Eshton results, 
2006 who observed high velocity influence on BOD removal rate constants for CW systems 
at UDSM and Iringa, Tanzania.  
 
5.2.4 Faecal Coliforms (FC) Results and Discussion   
FC is an indicator of fecal contamination in wastewater. It is another parameter of concern as 
it signifies the presence of disease causing microorganisms in wastewater. Figure 5.2 below 
presents FC removal performance and efficiency of the studied CW planted with Typha spp. 
In the influent, FC count ranged from 180,000 – 250,000 No/100mls with average number of 
208,583.33±27947.12 per 100mls. FC in the effluent ranged from 86,000 – 110,000 
No/100mls with average count of 105666.67±13470.96 No/100mls (Table 5.6 in Annex 3). 
This is equivalent to the system efficiency of 49.60% on FC removal.   
  

 
 

Figure 5.2: Performance and Efficiency of CW on FC removal  
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The results entail poor FC removal performance of the CW planted with Typha spp. No 
single measurement complied with WHO requirement for effluent discharge standards. 
However, results showed improving trend with time. Therefore, it is hereby presumed that as 
steady state of the CW is approached, FC removal from wastewater could meet recommended 
effluent discharge standards i.e. 1000 No/100mls.  

 

5.3 Performance of CW system in recovering nitrogenous and phosphate nutrients 
which are necessary for biodiversity conservation  

 
5.3.1 Recovery of Nitrate Nitrogen   
Figure 5.3 below shows graphical presentation of Nitrate Nitrogen concentrations in the CW 
influent, CW effluent and existed tap water as recorded during the study. In the influent, 
Nitrate ranged from 0.03 – 0.55 mg/l with average of 0.31±0.23 mg/l. Nitrate in the effluent 
ranged from 0.14 – 0.62 mg/l with average of 0.44±0.16 mg/l. However, Nitrate in the 
existed tap water that was used for irrigation ranged from 0.33 – 0.63 mg/l with average of 
0.45±0.12 (Table 5.7 in Annex 3).  
 

 
 

Figure 5.3: Graphical Presentation of Nitrate Recovery from CW  
 
 
The graphical representation does not give a clear trend which discriminate Nitrate 
concentrations in the CW influent, CW effluent and in the existed tap water. However, based 
on the averages, the results show an increasing trend of Nitrate from the influent to the 
effluent, entailing and recovery efficiency of 42%. Besides, insignificance difference was 
observed between the Nitrate concentrations in the CW effluent and existed tap water.  
 
 
5.3.2 Recovery of Ammonia Nitrogen   
Figure 5.4 below illustrate the trend of ammonia concentrations in the CW influent, CW 
effluent and existed tap water. In the influent, Ammonia ranged from 0.57 – 0.74 mg/l with 
average of 0.65±0.06 mg/l. Ammonia in the effluent ranged from 0.70 – 0.88 mg/l with 
average of 0.79±0.07 mg/l. Ammonia in the existed tap water ranged from 0.04 – 0.10 mg/l 
with average of 0.07±0.02 (Table 5.8 in Annex 3) 
 

0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70

N
O

3-N
 (m

g/
l)

Time (Date)

Recovery Efficiency: 42% 

CW Influent

CW Effluent

Existing Tap Water



9 
 

 

 
 

Figure 5.4: Graphical Presentation of Ammonia Recovery from CW  
 
 
From the graphical representation, it is clear that ammonia retention in CW is much higher, 
about 21% recovery efficiency. Similarly, a significant difference was observed between 
Ammonia concentrations in the CW effluent and existed tap water i.e. over 11 times.  
 
 
5.3.3 Recovery of Phosphorus    
Figure 5.5 below demonstrate the trend of Phosphorus concentrations in the CW influent, 
CW effluent and existed tap water. Total Phosphorus in the influent ranged from 0.82 – 0.94 
mg/l with average of 0.89±0.04 mg/l. Total Phosphorus in the effluent ranged from 0.15 – 
0.24 mg/l with average of 0.20±0.03 mg/l. Total Phosphorus in the existed tap water ranged 
from 0.22 – 0.32 mg/l with average of 0.28±0.04 (Table 5.9 in Annex 3) 
 

 
 

Figure 5.5: Graphical Presentation of Ammonia Recovery from CW  
 
 
Phosphorus trend as illustrated in figure 5.5 entailed a high decreasing tendency from CW 
influents to effluents i.e. over four times. Moreover, no significant difference in Phosphorus 
concentration was observed between the CW effluent and existed tap water.  
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5.4  Establish the outcomes of an integrated CW to the increase of quantity and type 
of biological species over the study area  

 
This objective was accomplished by carrying out and contrasting the findings of the baseline 
and post biodiversity studies. The overall goal was to get the outcomes of introducing an 
integrated CW system in the quarry. Below are the results.  
 
5.4.1 Increased typha plant species within the quarry  
The baseline study identified typha plant species in some wet parts of the quarry. However, 
their leaves were thin and yellowish in color. The integrated CW used the same typha plant 
species as macrophytes during wastewater treatment. As such, typha species increased in 
number over the area with more wider leaves and greener in color.    
 

                  
Plates 01: Typha plant species that were used as macrophytes in CW unit  

 
 
5.4.2 Introduction of new microorganisms  
The introduced treatment wetland was a biologically based facility which provided an ideal 
conditions for a wide variety of microorganisms which were not available before. To the 
maximum extent the microbes are bacteria that survive in anoxic condition. They originated 
naturally to serve as workhorses in the wetland treatment processes. As such they formed a 
food chain and biological link with other species within the quarry.  
 
5.4.3  Influence on the quantity and new types of bird species   
The introduced CW attracted a number of bird species some of them being new over the area. 
Individual and groups of birds visited the CW unit in morning and evening hours. Some of 
them made their nests for laying (See Plates A2.3 in Annex 2). Frequent bird species 
identified include common bulbul, cheeked cordon blue, house sparrow and bronze manikin.      
 
5.4.4  Influence on mammals  
Two types of mammals were observed; vervet monkey and banded mangoose. They might 
have been influenced by other components of the ongoing quarry rehabilitation and 
renaturation project, but their frequent visit to the CW unit was a matter of concern. Banded 
mangoose for example were observed to enter inside the CW unit in groups and cut down the 
typha plant species.        
 
5.4.5 Influence on other fauna species  
Other fauna species that were rarely identified within and close to the CW unit included 
various types of butterfly, fukufuku (See Plates A2.3 in Annex 2) and snakes.  
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CONCLUSIONS AND RECOMMENDATIONS 
 

5.1 Conclusions  
 
This study examined the performance of CW system, coupled with septic tank and planted 
with Typha spp, in treating domestic wastewater to meet the recommended effluent discharge 
standards. The removal of two critical pollutant parameters was investigated i.e. BOD and 
Faecal Coliforms. On average, BOD in the CW effluents was observed to meet the 
TBS/WHO effluent discharge standards whereby 86.60% removal efficiency was obtained. 
On the other side, FC counts in the CW effluents were higher than TBS/WHO recommended 
effluent discharge standards. FC removal efficiency of 49.60% was obtained. Besides, FC 
decreasing trend with time was also observed in the CW effluent.   
 
The study also investigated the performance of CW system in recovering nitrogenous and 
phosphate nutrients from wastewater. Three parameters were studied: Nitrate, Ammonia and 
Total Phosphorus. Results revealed that CW system can successful recover Nitrate and 
Ammonia from wastewater by 42% and 21% respectively. Total Phosphorus on the other 
hand was observed to deplete by 77.40% instead of replenishing.      
 
Finally, the study assessed the outcomes of the CW system to the increase of quantity and 
type of biological species over the study area. The study concentrated on the influence of CW 
to biological creatures. Through the baseline and post biodiversity studies it was observed 
that CW can significantly generate and sustain plant and microorganisms species that are 
used within for wastewater treatment processes. For this matter, Typha spp and treatment 
bacteria were generated and sustained. Also, the CW unit was observed to attract a number of 
birds and mammal species of the study area including common bulbul, cheeked cordon blue, 
house sparrow, bronze manikin, vervet monkey and banded mangoose. While birds were 
observed to play and nest within the CW system, banded mangoose were cutting and eating 
typha plants.  
 
Generally, these results promises that, upon optimization of treatment processes, CW can 
adequately and successful be used to treat wastewater, recover nutrients and discharge water 
for reuse especially in biodiversity enhancement.  
 
 
5.2 Recommendations  
 
Based on the findings of this study it is hereby recommended: 
 That more data be generated through research works to investigate the effectiveness of 

CW system in treating wastewater while meeting other purposes in integrated manner. 
Specifically it is proposed to investigate treatment efficiency of CW with other types of 
macrophytes (plants), re-work the FC removal and phosphorus recovery and optimize the 
treatment process to make effective the integration concept.   

 That TPCC implement a large scale integrated wastewater management and nutrient 
recovery and make link to the ongoing TPCC quarry rehabilitation and renaturation 
project. In so doing, the company will adequately treat its wastewater, boost the ongoing 
rehabilitation works in the quarry through nutrient rich water, enhance biodiversity within 
the quarry and reduce operation costs related to wastewater management.  

 That joint efforts are required to formalize and disseminate CW technology for 
decentralized wastewater treatment, water reuse and biodiversity enhancement.  
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ANNEXES  
 
Annex 1: Location of the Study Area 

Location of an 
Experimental CW with 
TPCC Cement Quarry 
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Annex 2: List of Plates for the Various Phases of the Project  
 
A2.1 Baseline study, design works, building works and system development  
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A2.2 Sampling and Laboratory Works  
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A2.3 Biodiversity and Stakeholder Involvement   
 

        
 

        
 

        
 

        

Bird Nest in 
CW 

Birds within and 
near the CW 

Butterfly 

Indication of 
Fukufuku 
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Annex 3: Study Results in Tabular Form  
 
Table 5.1: Onsite Measurement of Physical Parameters  
 

Date  Flow Rate  Water Temperature Ambient Temperature 
  (m3/day) (oC) (oC) 

16/7/2012 0.64 25.50 26.00 
26/7/2012 0.58 26.00 25.00 
8/8/2012 0.66 26.50 26.00 

16/8/2012 0.83 25.00 24.00 
23/8/2012 0.62 27.00 27.00 
14/9/2012 0.76 27.00 26.00 

        
Average  0.68 26.17 25.67 

Standard Deviation 0.09 0.82 1.03 

    
    Table 5.2: Laboratory Results for PH 

 
Date  

CW 
Influent  CW Effluent  Existing Tap Water  

16/7/2012 7.42 7.16 7.23 
26/7/2012 7.31 6.98 7.19 
8/8/2012 7.29 7.05 7.12 

16/8/2012 7.37 6.83 7.19 
23/8/2012 7.55 6.75 7.30 
14/9/2012 7.48 7.10 7.38 

        
Average  7.40 6.98 7.24 

Standard Deviation 0.10 0.16 0.09 

    Table 5.3: Laboratory Results for Electrical Conductivity (EC - Us/Cm) 

Date  
CW 

Influent  CW Effluent  Existing Tap Water  
16/7/2012 2830 3720 2570 
26/7/2012 2810 3810 2580 
8/8/2012 2790 3630 2610 

16/8/2012 2826 3910 2590 
 23/8/2012 2830 3690 2580 
 14/9/2012 2832 3660 2590 
         

Average  2819.67 3736.67 2586.67 
Standard Deviation 16.61 105.01 13.66 
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Table 5.4: Laboratory Results for Total Dissolved Solids (TDS - mg/l)  
 

     Date  CW Influent  CW Effluent  Existing Tap Water  
 16/7/2012 1650 2310 1510 
 26/7/2012 1630 2270 1520 
 8/8/2012 1590 2230 1490 

16/8/2012 1690 2340 1560 
23/8/2012 1640 2280 1510 
14/9/2012 1640 2170 1610 

        
Average  1640.00 2266.67 1533.33 

 Standard 
Deviation 32.25 60.22 44.12 

 

     
     Table 5.5: Laboratory Results for Biochemical Oxygen Demand (BOD5 - mg/l)  

 
     Date  CW Influent  CW Effluent  Existing Tap Water  TBS Provisions 

16/7/2012 150 10 2 30 
26/7/2012 180 25 0 30 
8/8/2012 140 30 1 30 
16/8/2012 160 15 0 30 
23/8/2012 220 35 6 30 
14/9/2012 160 20 1 30 

          
Average  168.33 22.50 1.67   
Standard 
Deviation 28.58 9.35 2.25   

 
Table 5.6: Laboratory Results for Faecal Coliforms (FC - No/100mls)  

Date  CW Influent  CW Effluent  Existing Tap Water  
WHO 
Provisions 

16/7/2012 220000 86000 100 1000 
26/7/2012 187500 120000 300 1000 
8/8/2012 180000 120000 120 1000 
16/8/2012 230000 110000 140 1000 
23/8/2012 190000 98000 200 1000 
14/9/2012 250000 100000 140 1000 

          
Average  209583.33 105666.67 166.67   
Standard 
Deviation 27947.12 13470.96 73.39   
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Table 5.7: Laboratory Results for Nitrate Nitrogen (NO3-N; mg/l)  
 

     Date  CW Influent  CW Effluent  Existing Tap Water  
 16/7/2012 0.34 0.49 0.34 

26/7/2012 0.03 0.14 0.63 
8/8/2012 0.39 0.51 0.33 

16/8/2012 0.04 0.42 0.54 
23/8/2012 0.55 0.48 0.40 

 14/9/2012 0.51 0.62 0.48 
        

Average  0.31 0.44 0.45 
Standard Deviation 0.23 0.16 0.12 

     
    Table 5.8: Laboratory Results for Ammonia Nitrogen (NH3-N; mg/l)  

 
     Date  CW Influent  CW Effluent  Existing Tap Water  

 16/7/2012 0.57 0.74 0.09 
 26/7/2012 0.74 0.75 0.07 
 8/8/2012 0.66 0.82 0.10 

16/8/2012 0.65 0.70 0.08 
23/8/2012 0.69 0.85 0.04 
14/9/2012 0.61 0.88 0.06 

        
Average  0.65 0.79 0.07 

Standard Deviation 0.06 0.07 0.02 

    

Table 5.9: Laboratory Results for Phosphorus (P - mg/l)  
 

     Date  CW Influent  CW Effluent  Existing Tap Water  
 16/7/2012 0.87 0.21 0.26 

26/7/2012 0.88 0.19 0.26 
8/8/2012 0.94 0.20 0.28 

16/8/2012 0.82 0.21 0.32 
23/8/2012 0.90 0.15 0.22 
14/9/2012 0.91 0.24 0.31 

        
Average  0.89 0.20 0.28 

Standard Deviation 0.04 0.03 0.04 
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Annex 4: Design Calculations for the Experimental CW Based on BOD removal  
 

    A Given the following information:        
            
  Parameter  Symbol Value Units Remarks 

            

  Influent BOD5 to the wetland  Co 125 mg/l   

  The desired effluent BOD5  Ce 30 mg/l   

  Average flow rate  Q 3.5 m3/d   
  Effective depth  h 0.5 m   

    Hydraulic Gradient  S 0.01     
  Hydraulic Conductivity  k 0.006 m/s   
  Porosity of the media phase ε 0.4     
  Interstitial velocity  u 36 cm/d   

              
  

B BOD removal rate constant (KBOD) is given as follows:      

  
 

    
 

  

  KBOD 0.1234u0.87 2.788 d-1   
            

C The surface area of the wetland is given as follows:       

            

  As {Q(lnCo – lnCe)} / KThε 9.0 m2   

            

D Checking for Organic Loading Rates (OLR, kg/ha.d)     

            
   OLR Q(Co-Ce)/As 371.2 kg/ha.d   

            

E Checking for Hydraulic Loading Rates (HLR, cm/d)     

            

  HLR Q/As  39.1 cm/d   
             

F Sizing the CW system          

          
For best engineering practice 

adopt 
   L x W x h  Width (W) 1.7 m Width = 1.5m  

    Lenght (L) 5.2 m Length = 6m  
    Effective Depth (h) 0.5 m Effective Water Depth = 0.5m 

            

F Hydraulic Residence Time for BOD Removal (τ, days)     

            
  τ 

 
1 Days   

            



20 
 

 

Annex 5: Engineering Drawings for the Experimental Constructed Wetland 
 

A5.1: Plan View for the Experimental Constructed Wetland 
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A5.2: Typical Sections for the Experimental Constructed Wetland 
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