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Abstract
Rainwater harvesting and storage constitutes a viable alternative source of water in urban areas with
water shortages. Understanding rainwater quality as a factor for public health is important in enhancing
the supply of clean and safe water in cities facing rapid population growth. This study aimed at
investigating the quality of rainwater harvested from rooftops and stored in different storage media
above and below the ground for its use as an alternative or complementary water source. In this study,
we used Hatch Electrode Meter and Spectrophotometer DR/4000U to investigate Electrical Conductivity,
Total Dissolved Solids and Iron concentration in forty-eight water samples drawn from stored tanks
located above and underground in Makoka, Dar es Salaam. The microfiltration method was used for the
total bacteria count of fecal coliform. Results show that stored rainwater in the underground tanks was
more polluted than those from surface tanks. High Iron concentration of 0.464mg/L and 0.92mg/L for
samples S1(U) of underground and S8(M) above ground metal tanks were found to be above the WHO
recommended value of 0.3mg/L. Microbial results show the presence of fecal coliform for samples
S1(U) and S9(U) suggesting that underground rainwater storage tanks likely cause diarrhea surges in the
area. Results from this study found higher iron concentration and fecal coliforms represent poor hygiene
and the driver of many water-borne diseases of public concern in the area. The study recommends
households’ regular tank cleaning, chlorination, repair of cracks and leakages and healthy design of
underground storage tanks.

1. Introduction
Rainwater harvesting implies collection and storage rainwater into reservoirs or tanks or infiltration of
surface water into subsurface aquifers before it is lost through subsurface run off (African Development
Bank, 2008). Rainwater harvesting provides an independent water supply for households, hence figures
as a supplement source of water during shortages. The advantage of rainwater is that it is not saline and
is free of many pollutants that may be present on surface and ground water. In some instance, rainwater
manages storm water for agricultural activities (Zhu et al., 2015). In rooftop rainwater harvesting,
surfaces such as tiles, metal or plastics sheets are used to intercept the flow of rainwater which is then
used for household activities (Gonzalez 2012, Christopher et al., 2009).

Duke (2014) reports that rainwater harvesting technique is being implemented in many different parts of
the world. For instance, Canadians use a storm water for reduction and irrigation techniques in India they
utilize the technique to avoid ground water depletion; in Australia, many homes away from the city use
rainwater harvesting as the primary source of water. Meanwhile, developing economies particularly in
Africa experience 1.5 times losses of overall rain quantity (UN, 2006). In many areas, the quality of
rainwater has been reported to be at acceptable range for human consumptions. However, diversions of
the first flush and frequent cleaning of the storage tanks are encouraged so as to maintain the quality of
rainwater because storage materials have been identified to have various impacts on the quality of the
harvested and stored rainwater (Achadu et al., 2013).
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Massawe (2016) shows that in many areas in Tanzania, scarcity of water is a significant challenge hence
harvesting rainwater has increasingly become a viable option. This author adds that, while rainwater
harvesting is not new in rural Tanzania, in many urban areas the adoption of the technology is still low.
As a remedy to water shortage, rainwater harvesting and storage for use is taken as either an alternative
water source or as a complementary water source in many areas. However, the quality of the harvested
rainwater creates a major public health concern. Various studies conducted on rainwater quality in
different areas such as Ile-Ife-Nigeria, Canada, Israel and Jordan (Fredlier, 2017; Christopher et al., 2009;
Radaideh et al., 2009, Adeniy & Olabanji, (2005); revealed poor quality in harvested and stored rainwater.
These studies mention leaves, animal droppings and dead organisms on roof among agents of rainwater
pollution. However, little is known about the effect of storage tank and the location of the tanks on the
quality of stored rainwater. The present study, therefore, intended to determine the quality of above
surface and underground tanks focusing on Electrical Conductivity (EC), Total Suspended/Dissolved
Solids (TDS), Iron (Fe) concentration and fecal coliform of the stored rainwater. The study was
undertaken in Makoka sub ward of, Dar es Salaam city, Tanzania.

2. Materials and Methods

2.1 Study Area
Makoka sub ward is located in Makuburi Ward Dar es Salaam city (see Fig. 1). The area experiences an
average temperature of between 21°C and 30°C. Hot season is from October to March while the cold
season is between May and August. There are short light rains of October to December and the long
heavy rains from March to May. The annual rainfall ranges between 1000 mm and 1300 mm respectively
(Tanzania Meteorological Agency 2018).

2.2 Study Design, Materials, Sample and Data Collection
This study used case study design focusing at Makuburi because the areas experienced acute water
shortage brough about by increasing human population. Water rationing for days or weeks was the main
alternative to share the water shortage problem. Furthermore, gives low economic status of the majority
of the inhabitants, billed water supply was limited to some households. Again, there are limited
boreholes used to harvest rainwater to supplement the municipal water supply. A combination of these
reasons serves as justification for the selection of Makuburi ward as the study site.

Stratified random sampling technique was adopted. This technique was adopted because the study
population was divided into groups of identifiable patterns that were homogenous and non-overlapping
based on the factors relevant to study requirements. The study area was therefore divided into strata
based on the following factors: presence of rainwater harvesting system, types of storage tanks used,
and the location of storage tank (whether underground or above ground). The strata were thus set and
samples were obtained from each stratum. Households with rainwater harvesting system were identified
through observation and guidance from a well-informed person in the study area. During the process, the
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types of storage media and location were also identified and samples were obtained from the set
categories/strata.

Three (3) samples of water were collected using plastic bottles as sampling medium in March, April, May
and June. The bottles were washed with soap and clean water and then washed 3 times with the water
being sampled. A total of forty-eight (48) samples from four different types of storage tanks were
involved. These samples were used for determining the quality of the rainwater harvested. The roof
catchment materials from which rainwater harvested were taken as samples included corrugated iron
sheet material, tile roofing material, and aluminum roof material.

The storage tank materials from which rainwater samples were collected included: plastic tanks, Ferro-
cement tank- made of cement, sand, and iron, Block/ segment tanks -made of blocks/ cements and sand
or Concrete tanks- made of concrete, Metal tanks- made of (iron, aluminum or steel), and constructed
tanks (Ferro-cement tanks, block tanks and concrete tanks). Table 1 below display material used to
make the tanks.

Table 1
ID of Water samples

Sample ID Characteristics of the Storage tanks

S0 Captured directly from atmosphere without roof or tank contact

S1(U) Harvested stored water from underground Ferro cement tank

S2(A) Harvested stored water from above ground Ferro cement tank

S3(A) Harvested stored water from above ground Ferro cement tank

S4(M) Harvested stored water from metal tank

S5(P) Harvested stored water from plastic tank

S6(A) Harvested stored water from above ground block tank

S7(P) Harvested stored water from plastic tank

S8(M) Harvested stored water from metal tank

S9(U) Harvested stored water from underground Ferro cement tank

S10(M) Harvested stored water from metal tank

S11(U) Harvested stored water from underground Ferro cement tank

S12(P) Harvested stored water from plastic tank

2.3 Laboratory and Analytical Procedures
The collected water samples were preserved using nitric acid before being taken to the School of
Environmental Science and Technology (SEST) - Ardhi University laboratory for analysis and
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characterization. Distilled water was used for rinsing plates and minimizing concentration. Then
laboratory tests on physicochemical biological parameters and nutrient measurement were performed.
Quality analysis of rainwater harvested in existing systems helped to determine the suitability of the
water for human use as well as to address any present problem in the system that contributes to
lowering of the water quality.

a. Analytical procedures for physical- chemical parameters

Temperature, salinity, conductivity and Total Dissolved Solids were measured by potentiometric method
using a calibrated Hatch Electrode meter. Turbidity measurement was done by Absorbtometric method
and color by Aphaplatinum-cobalt method using Spectrophotometer DR/4000U under program numbers
3750 and 1670 with 660nm and 455nm wavelengths respectively. pH was measured using a calibrated
pH meter.

Twenty-five (25) mL of the water sample was measured and poured in clean beaker. This was followed
by addition of Ferro Ver Iron reagent in the sample poured in a beaker. The mixture was vigorously
shaken to mix and left for five minutes for reaction to take place. Spectrophotometer DR/4000U was
then programmed at 2165, a wavelength of 510nm was set and then 10mL of distilled water was used
for zeroing the spectrophotometer whereas 10mL of sample mixed with reagent was used to take
readings. The procedures were repeated for the rest of the samples with the purpose of determining iron
concentration.

b. Analytical procedures for biological parameters

Media to support bacterial growth of fecal and total coliform were prepared and 2 mL of the media
poured into the sterilized plates was left to harden. 100mls of each sample were then passed through a
filter paper placed in a micro filter so as to capture microorganisms through microfiltration. The filter
paper with microorganisms was then put in plates with media and then incubated for 24 hours. The
readings were then taken by the Total bacteria count method.

c. Data Analysis

Microsoft excel 2013 was used in analyzing data obtained from checklists, questionnaires and
laboratory. Values of results and graphs were then produced.

3. Results and Discussion
3.1 Electrical Conductivity of Rainwater: In Fig. 2, it is shown that water samples obtained from
underground storage tanks (S1, S9, and S11) had relatively higher Electrical Conductivity (EC) than the
samples obtained from above surface tanks. However, samples from metal tank (S10) indicated that the
water was contaminated with ions hence had higher electric conductivity rate.
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The maximum average value for electric conductivity was 364.5µs/cm in sample S1 obtained from
underground tank while the minimum was 25.75µs/cm in the sample obtained from above ground tank.
Although all the obtained values were within the WHO Drinking Water Standards, they were above the
control sample S0 that was obtained directly from atmosphere. This indicates the presence of
contamination during harvesting, conveyance and storage. During these processes water conductivity
increases. Similar observation was reported by Ubuoh and others (2016) on higher values of EC as high
as 72µS/cm in underground tanks when compared with in above surface tanks (29.6µS/cm) indicating
effect of tank location on water quality. The latter study was conducted in Oweri, Southeastern Nigeria.

Electrical conductivity in water is influenced by the presence of dissolved minerals and salts such as
sodium, magnessium, calcium and potassium (Meride and Ayenew 2016). Excessive intake of such
minerals and salts has several health implications such as it may lead to high blood pressure and
cardiovascular disease, risks of kidney stones which causes pain and discomfort (Curhan et al., 1993;
Graudal et al., 2011). High electrical conductivity in water may also alter the taste and palatability of
water. In infants, consuming water with high electrical conductivity may harm their health more for
instance causing acute gastrointestinal infections since they have low tolerance levels of minerals and
salts.

3.2. Total dissolved solids: The maximum average value as presented in Fig. 3 indicate that, the TDS
value as measured in sample S1 obtained from underground Ferro cement tank, was 204.5mg/L. The
minimum value as measured in sample S2 from above ground Ferro cement tank was 10.67mg/L.

All the measured values were below the TZDWSTDs as well as WHODWSTDs, hence acceptable.
However, all the measured values were above the control value of S0 that was 5.51mg/L as measured in
sample obtained directly from atmosphere rainfall without roof or tank contact. The higher level of TDS
in underground tanks was observed as compared to above surface tank except for S10 obtained in worn-
out metal tank. This indicates that some contamination occurred during conveyance towards the
underground tanks as well as contamination during storage. This higher value of TDS indicates presence
of inorganic salts and small amounts of organic matter. Most of these elements were calcium,
magnesium, sodium, potassium, hydrogen carbonate, chloride, arsenic, sulfates and nitrate ions. The
implication of consuming water with high TDS is closely related to that of consuming water with high
electrical conductivity.

3.3. Iron Concentration: Results presented in Fig. 4 show that there is high Iron concentration of
samples S1 of 0.464mg/L from underground tank and Sample S8 of 0.92mg/L from above ground metal
tank. The presented elements were the only values that were above the WHO recommended values of
iron concentration in drinking water which is 0.3mg/L. They were also above the measured value of iron
concentration in sample S0 that was obtained directly from the atmosphere without roof or tank contact.
Iron is the fourth most abundant element in the earth’s crust. Thus any leakages or cracks in
underground tanks pave a way to contamination brought about by the ground through flood water or
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groundwater. Possibly this contributed to the high level of iron in the sample S1 that was obtained from
underground Ferro cement tank.

Leaching of iron used in the metal tank alloy into the stored water stands as a possible reason for high
iron concentration in the water samples obtained from the metal tank. The lower pH values of water
stored in metal tanks tends to increase the potential for the leaching of metals into the stored water, in
addition long time storage of the slightly acidic rainwater also contributes to the high iron concentration
in the respective samples. However, the increasing iron concentration in other samples especially those
obtained from plastic tanks compared from that of sample S0 obtained directly from atmosphere
attributes the contribution of material used for roofing on the quality of rainwater harvested.

Consuming water with high iron concentration has several effects on health including hemochromatosis
which is a condition of high iron accumulation in the body resulting to damage of internal body organs
such as heart, liver and pancrease Farghaly and El- Sawy, 2014). Damage of these organs increases the
risk of one getting heart disease, cirrhosis and diabetes. Also high iron concentration in drinking water
may cause staining and discoloration of body tissues such as teeth and nails and also cause skin
lessions (Ghimire et al., 2003; Farghaly and El-Sawy 2014). Drinking high iron concentration water may
also lead to digestive problems such as vomiting, nausea, abdominal pain and interference of absorption
of other nutrients by the body hence resulting in nutritional imbalances Ghosh et al., 2020). Lastly
drinking high iron concentration water may result into rising oxidative stress that allows formation of
harmful free radicals which may cause inflamation and tissue damage(Galaris, Barbouti & Pantopoulo
,2019)

3.4 Fecal coliform in Rainwater: Results presented in Fig. 5 on microbial analysis of all samples
obtained from underground tanks, indicated that only samples S1 and S9 showed presence of fecal
coliform. In all above ground tanks, no fecal coliforms were detected hence 0 readings. These findings
are contrary to Achadu et al. (2013) obtained in Wukari, Nigeria which reported a positive confirmatory
fecal coliform test in above ground metal, plastic and concrete tanks.

The study has found that, presence of fecal coliform in underground Ferro cement tanks are mainly
contributed by leakages and cracks in underground conduits and tanks which in turn pave way to fecal
contamination from wastewater in nearby latrines as well as groundwater and floodwater that
sometimes carry animal droppings. The droppings might be defecated on the ground and not mainly
from catchment area. The contamination of rainwater from animal and human deposits constitutes the
most common mechanism for transmission of microorganisms to human as reported by Namrata & Han
(2005). In the study undertaken by Namrata & Han (2005) in Uganda, India, Sri Lanka, Pakistan,
Bangladesh, Maldives it was found that ground runoff is one of the significant routes of water
contamination in underground tanks. Furthermore, the present study revealed presence of thermos-
tolerant coliforms and E. coli suggesting the presence of fecal contamination due to vectors that had
way into storage tank. These pathogenic organisms are said to be responsible for the intestinal tract
infections leading to diarrhea, cholera, typhoid, hepatitis as well as bacillary dysentery (WHO 2004).
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4. Conclusion and Recommendation
This study investigated the effect of storage tanks and location on the quality of harvested rainwater.
Results show that stored rainwater in the underground tanks was found more polluted than above
ground with higher Electrical conductivity, Total dissolved solids, iron concentration and fecal coliforms
suggesting easier contamination and poor hygienic driver conditions for water-borne diseases. The
study recommends households’ regular tank cleaning, practicing first flush diversion or interception,
chlorination/boiling of drinking water, repair of cracks and leakages as well as consideration of the
healthy design criteria of underground storage tanks such as distance from the latrines, septic tanks,
sewer pipes. Doing these will reduce possible contamination of water during harvesting, conveyance and
storage of rainwater.
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Figures

Figure 1

Map of the study area showing Makoka sub ward in Makuburi
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Figure 2

EC values for stored harvested rainwater

Figure 3

TDS values for stored harvested rainwater
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Figure 4

Iron concentration values for stored harvested rainwater

Figure 5
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Fecal coliform values for stored harvested rainwater
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