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Rainwater harvesting is one of the solutions to avoid water loss in the future because it
provides sufficient supply and is more economical when compared to other conventional
types. The shortage of water supply become a concern due to the growing population as
well as the environmental pollution. Rainwater harvesting is seen as the most accessible
and easy-to-use resource for drinking and other domestic uses. The current study consists
of two main parts; the first part is a hydrological study that includes studying the
possibility of benefiting from the amount of rainfall and developing future plans to
benefit from this collected water and how to manage it through the implementation of
water harvesting technology by collecting rainwater from the roofs to provide part of the
population's water needs instead of its wastage and loss. The second part is an
environmental study that includes a study of evaluating the quality of water collected
through the harvesting of rainwater technology and comparing it with World Health
Organization (WHO) specifications for water-drinking purposes. Rainwater samples
were analyzed in the environmental laboratory to compare with (WHO) World Health
Organization specifications. Samples were obtained at, (28.3, 84.9, and 33.96) liters,
respectively, where the average is (49.05) liters. The depths of rain were recorded in the
measuring cylinder (5, 14.6, and 9) mm, respectively, where the average is (9.53) mm;
the measurement is a negative indicator compared to the expected (26.15) mm. The
variables identified (total hardness, calcium, nitrates, sulfates, chlorides, and dissolved
substances). Furthermore, 33.33, 0.80, 35.67, 8.83, and 95.0) mg/L, respectively, while
the pH (7.97) and conductivity (ps/cm 170.13) were within the specification and the
Temperature (23.60°C) and turbidity 10.47 NTU)) It was not in conformity with the
specification, as the specification refers to placing in heat (20°C) and turbidity (5 NTU).
The current study discloses that the overall quality of water is quite satisfactory as per
WHO specifications. The harvesting of rainwater system offers an adequate amount of
water and energy savings through lower consumption. Furthermore, considering the cost
of fixing and maintenance expenditures, the system is effective and economical. This
current study provides the environmental benefits of rainwater harvesting and identifies
its probable boundaries and its role in developing a more sustainable water resource
management under climate change. This study contributes to improving adaptability
strategies of rainwater harvesting for sustainable water resources management under
changing climate.

1. INTRODUCTION

systems gradually become an integral part of the toolkit for
sustainable rainwater management. However, there is a need

Rainwater harvesting is a multipurpose way of providing
drinkable during a drought period, recharging the groundwater
and finally reducing the runoff and water logging during the
season of heavy rainfall [1]. Rooftop rainwater harvesting
(RTRWH) is the most common method of harvesting
rainwater (RWH) for domestic consumption. Water is covered
on the roofs of buildings that are used for its consumption, as
it is used to recharge groundwater, or the tank saves water
when it is consumed. It rains in the evening. Affected by
rainwater, animals or birds, insects, dirt, and organic matter.
Therefore, it is important to carry out regular maintenance
(cleaning, repairs, etc.), as well as treatment of the water used
(such as filtration and/or disinfection). Rainwater harvesting
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to design more carefully the environmental and life cycle
impacts of these systems [2].

The quality of rainwater often exceeds surface water and
may be comparable to groundwater because it does not pass
through soil and rocks and is not in contact with them, where
it can dissolve salts and minerals that are in the atmosphere,
which harms potable uses [3]. On the other hand, rainwater is
valued for its purity and softness. The quality of rainwater is
usually affected by geographical location, human activity in
the area, and the storage tank. However, with minimal
treatment and adequate care of the water harvesting system,
rainwater can be used as potable water as well as for irrigation
[4, 5].
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A large percentage of the world's population does not have
access to safe sources of water. WHO/UNICEEF reports that
1.1 billion people do not have access to "safe drinking water
sources" (WHO/UNICEF 2000). Although great efforts are
being made to deliver safe piped water to the world's
population, the reality is that water supplies that provide safe
drinking water will not be available to all people in the near
future [6]. The World Health Organization's Millennium
Declaration set a goal of halving the proportion of the world's
population without access to safe drinking water by the year
2015. It is clear that all possible methods must be tried to
reduce the drinking water problem and help families obtain
drinking water more safely [7].

The quality of any water is determined by identifying the
quality of the source water, the extent of its exposure to
pollutants during its collection and treatment, and the method
of storing it until it reaches the consumer. The rooftop
rainwater collection system consists of a collection system
(Roof), a transportation system (pipes), and a storage system
(tank). Water pollution may occur at any of these stages.
Rainwater is generally uncontaminated or at least of fairly
good purity. However, it may be acidic and contain traces of
lead, pesticides, and some pollutants, depending on the area
and prevailing winds [8, 9].

The first flow phenomenon is known to be distinctive
because its concentrations are very high at the beginning of the
rainfall in the first minutes and later decrease towards a
constant value. In general, these dynamic effects are observed
within the first 2 mm of runoff height. The first flow effect
occurs as a result of one or a combination of the following
three processes:

a) Materials deposited on the surface during the previous
dry period (the period is washed away by rainfall).

b) Weathering and corrosion residues of the roof
covering.

c) Concentrations in the falling rain itself decrease with
increasing depth of rainfall due to melting particles
and gases by raindrops.

The quality of rainwater collected through first flow
diversion can be significantly improved. However, most of the
time, this interest is not considered due to a variety of reasons.
Proper maintenance of the first flush alone can greatly improve
the quality of the collected rainwater [10].

Contrary to popular belief that rainwater collected from
rooftops is as clean as pure water, there are a number of
pollutants in such water - and many previous studies have
confirmed this. Recognizing this fact, it has become possible
to control the quality of water and reach acceptable levels
using simple and inexpensive devices [11, 12].

Current research addresses these issues in addition to
reviewing the quality of harvested rainwater due to its
exposure to pollutants. In this background, the study also
shows water quality management strategies in the post-harvest
stages.

2. METHODOLOGY
2.1 Area of the study

The current study was conducted in Erbil city north of Iraq.
The house roof area is a hundred square meters (with
dimensions of 5 %20 meters), as shown in Figure 1. The rain
period is usually between October to May, and the average

annual rainfall is between 45.8 mm and 0.4 mm (2020), with
an average of between 180-210 days annually. The study area
was selected due to the lack of a river in the city, which is the
main source of water for domestic use from wells.
Unfortunately, most wells dry out in the dry season when the
rain stops. The people depend heavily on available rainwater
because it is believed to be economical, affordable, and
drinkable during the rainy season.

For each rainfall intensity and each other, the height of the
water in the collection tank is measured to determine the
volume of water collected from the rainfall intensity.
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Figure 1. Iraq map and roof plan of the house

The system consists of the following items, as shown in
Figure 2.

1. Roof: The area through which rainwater is collected,
where work is done to connect the tank to the Roof
through the drainage pipes of the house, and
conditions such as cleaning the Roof from soil to
prevent sediment are considered. Materials in the
water are collected, as well as ensuring water quality
and no pollution.

2. Collection pipe: The pipe transports water from the
Roof of the house to the collection tank. It is
preferable to take into account that the diameter of
the pipe is proportional to the surface area and the
amount of rain expected to be collected.

3. Collection tank: The tank to collect runoff. The tank
with a capacity of 200 liters and a diameter of 60 cm.

As for measuring the intensity of rain, a measuring cylinder
with a 10 cm diameter was placed above the Roof of the house,
and between one rain and another, the height of the water in
the measuring cylinder was taken to calculate and estimate the
type of rain intensity.



Figure 2. Harvesting of rainwater system
2.2 Method of sampling and collecting

2.2.1 Harvesting of rainwater

The samples of rainwater were collected from the selected
house roof. In the year 2020, during January-April, the
rainwater was collected from the study area. The tank was
washed with clean water and drained before using to gather the
rainwater samples from the system. The tank with a pipe
rainwater was connected to the derange of the house (system),
and then collected the water from the rainwater; after the
process of water collecting, water quality was tested. The
Temperature and pH of the rainwater sample were measured
immediately after gathering. The samples were kept in a
sterilized capped bottle and then taken to the laboratory for
microbial and chemical analysis. Mean annual rainfall was
around 26.15 (mm/month) in 2020, as shown in Figures 3 and
4. The figures show the amounts of rainfall this year (dark blue)
and the average amounts for the previous years (20 years,
1994-2013) in light blue. The figures show rainfall in the
region and its distribution over the months, especially for
periods when rainfall is consistently above or below average,
during the early stages of the season, and during times of need
[13].
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Figure 4. Rainfall anomaly variation

2.2.2 Water quality testing

Water quality exams must be regularly carrying out by a
relevant in-country agency, such as the Ministry of Health.
The parameters, total hardness, calcium, nitrates, sulfates,
chlorides, and dissolved substances pH, Temperature,
Electrical Conductivity, and turbidity must be examined and
compared to WHO specifications. According to the World
Health Organization (WHO), water use purposes of drinking
have an important impact on health. Therefore, preserving the
quality of water is very important. World health organization
and other national and international organizations have put
specifications of water quality to be used as references for
preserving water quality [14]. Table 1 shows the parameters
from World Health Organization Specifications:

Table 1. World Health Organization specifications [7]

# Parameters Specific
1 Total Hardness (TH) mg/I 300

2 Calcium mg/I 75

3 Nitrate mg/I 10

4 Sulfate mg/l 400

5 Chloride mg/I 250

6  Total Dissolved Solids (TDS) mg/I 500

7 pH 6.5-8.5
8 Temperature °C 20

9 Electrical Conductivity Ec ps/cm 1000
10 Turbidity NTU 5

3. RESULTS AND DISCUSSIONS
3.1 Harvesting of rainwater

For the harvesting of rainwater, the results as shown in
Table 2:

Table 2. Water harvesting variables

# Parameters S1* S2 S3 Average

1 Volume of rainwater (L) 283 849 3396  49.05
The depth of water in

2 cylindrical measurement 5 14.6 9 9.53

(mm)

Figure 3. Rainfall hytograph for the study area

The volume of water harvested in the second sample was
(84.9) liters, which is greater than the first and third samples,
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which were (28.3 and 33.96) liters, respectively, with an
average of (49.05) liters less than the expected (200) liters due
to the dry season and lack of rain, as shown in Figure 5. As for
measuring the height of rainwater with the measuring cylinder,
where the reading was 14.6 mm, compared to the first and third
samples, it was (5 and 9) mm, respectively. As for the rate of
measuring the height of rainwater with the measuring cylinder
is (9.53) mm, it is also considered a negative indicator because
it is much less than the expected 26.8 mm, as shown in Figure
6.
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Figure 5. The volume of rainwater
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Figure 6. The depth of water in cylindrical measurement
3.2 Water quality analysis

For the water quality, samples of three different rainfall
intensities were examined in the laboratory, as shown in Table
3, and compared with the determinants of the water quality
indicator according to the quality of the variable.
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Table 3. The sample of parameters

# Parameters S1 S2 S3 Av. WHO

1 Tma'ﬂ:‘;/rld”ess 206 792 792 12147 300

2 Calcium mg/I 64 20 16 33.33 75

3 Nitrate mg/I 0.7 09 08 0.80 10

4 Sulfate mg/I 45 29 33 35.67 400

5 Chloride mg/I 8.5 85 95 8.83 250

Total dissolved

6 solids (TDS) 199 37 49 95.0 500
mg/l

7 pH 8.6 78 75 797 65-85

8  Temperature°C  23.6 236 236 23.60 20

Electrical

9 Conductivity Ec 3335 77 999 170.13 1000
ps/cm

10  Turbidity NTU 27.5 3.4 0.5 10.47 5

Figure 7 shows the relationship between the samples of total
hardness (206, 79.2 and 79.2) mg/l and its average (121.47)
mg/l compared with WHO-specific (300) mg/I.

350

300

250

200 1 T
206

150

100 121.47

Hardness (mg/L)

79.2 79.2

50

0

Sample 1 Sample 2 Sample 3 Avarage Specfic

Figure 7. The total hardness for samples
Figure 8 shows the relationship between the samples of
calcium (64, 20 and 16) mg/l and its average (33.33) mg/l
compared with WHO-specific (75) mg/I.
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Figure 8. The Calcium value for samples



Figure 9 shows the relationship between the samples of Figure 11 shows the relationship between the samples of

Nitrate (0.7, 0.9 and 0.8) mg/l and its average (0.8) mg/I Chloride (8.5, 8.5 and 9.5) mg/l and its average (8.83) mg/I
compared with WHO-specific (10) mg/I. compared with WHO-specific (250) mg/l.
Figure 12 shows the relationship between the samples of
12 total dissolved solids (199, 37 and 49) mg/l and its average (95)
mg/l compared with WHO-specific (500) mg/l.
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Figure 10 shows the relationship between the samples of
Sulfate (45, 29 and 33) mg/l and its average (35.67) mg/Il
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Figure 10. The Sulfate value for samples Figure 13. The pH value for the collected samples
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Figure 11. The Chloride for samples Figure 14. The temperature of the samples
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Figure 13 shows the relationship between the samples of pH
(8.6, 7.8, and 7.5) and its average (7.97) compared with the
upper and lower WHO-specific (6.5-8.5).

Figure 14 shows the relationship between the sample's
Temperature (23.6, 23.6, and 23.6)°C and its average (23.6)°C
compared with WHO-specific (20)°C.

Figure 15 shows the relationship between the samples of
electrical Conductivity (333.5, 77, and 99.9) s/cmpand its
average (170.13) ps/cm compared with WHO-specific (1000)
ps/cm.
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Figure 15. Electrical conductivity for the collected samples
Figure 16 shows the relationship between the samples of

turbidity (27.5, 3.4, and 0.5) NTU and its average (10.47) NTU
compared with WHO-specific (5) NTU.
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Figure 16. The turbidity of the collected samples

The parameters were identified as total hardness (121.47
mg/l), calcium (33.33 mg/l), nitrates (0.8 mg/l), sulfates
(35.67), chlorides (8.83 mg/l), and total dissolved substances
(95.0 mg/l), while the pH (7.97) and conductivity (ps/cm
170.13) were within the specification, and the Temperature
(23.60°C) and turbidity 10.47 NTU It was not in conformity
with the specification, as the specification refers to placing in
heat (20°C) and turbidity (5 NTU).
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4. CONCLUSIONS

1. This year (2020), there was little rain compared to
previous years.

2. The results of the tests of variables were (total
hardness, calcium, nitrates, sulfates, chlorides, and
dissolved substances) respectively, conform to the
specified specification.

3. Many gases are dissolved in the air when rainfall, such
as acidic CO; gas, which reduces the PH value; then,
the solubility of the basic salts increases, which raises
the pH value, so it remains constant to a certain range,
where the determinant of the water quality index
indicates a value between (6.5 and 8.5).

4. The high-water temperature does not have a direct
impact on the water quality. However, it increases the
proliferation of bacteria in the water, reduces the
dissolved oxygen in the water, increases the solubility
of substances such as salts, and increases the speed of
chemical reactions between organic substances. The
reading was less than the specified standard.

5. The difference in the conductivity values and the
reason for this is due to the presence of dirt on the
surface where the pollution was as much as possible.
The general average of samples for conductivity
values is (170.13 ps/cm), and it is within the specified
specification (1000 ps/cm).

6. The difference in turbidity is due to the presence of
dirt on the surface where the contamination was as
much as possible. The general average of the samples
for turbidity values is (10.47 NTU), which does not
conform to the specified specification (5 NTU).

It is possible to say that there is ample scope to study water
harvesting from an economic perspective, especially in cities
that depend on marketing water to users at high costs.
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