Roof Top Rainwater Harvesting

Section A-Research paper

Roof Top Rainwater Harvesting
Faheemul Islam Kirmani, Rahul Maurya, Rajnish Yadav, Hritik Kumar
Department of Civil Engineering, Galgotias College of Engineering &Technology, GreaterNoida
(UP)-201306, India
faheemul.islamkirmani@galgotia@golgotiacollege.edu
rahulrazz09211@gmail.com
raj.jdsvml4@gmail.com
hritikbaaliyan9818@gmail.com
doi: 10.48047/ecb/2023.12.5i4.1281

Abstract

The previous studies on roof top rainwater harvesting from numerous research papers
demonstrate a comprehensive understanding of the benefits, challenges, and implementation
strategies of this technique. Numerous studies have highlighted the benefits of roof top rainwater
harvesting, such as reducing the demand for groundwater and surface water, mitigating the risk
of flooding, and minimizing the impact of stormwater runoff. Additionally, the papers have
indicated that this method is cost-effective, environmentally friendly, and promotes self-
sufficiency. The challenges of roof top rainwater harvesting have also been studied, including the
potential for contamination, the need for regular maintenance, and the limitations of the storage
capacity. However, the studies have shown that these challenges can be addressed through
appropriate design, implementation, and maintenance strategies.

Keywords:Rainwater Harvesting, Rainwater Quality, Large Public Institutions, Water Quality.

1. Introduction

Access to safe drinking water is still remains a significant challenge for a large population.
According to estimates by WHO/UNICEF, around 1.1 billion population do not have good water
to drink. The unavailability of safe drinking water is a major public health issue, leading to
waterborne diseases and relatedsocio-economic challenges.Efforts to improve access to safe
drinking water must be prioritized to address this global challenge [1].Governments around the
world are providing financial incentives to encourage the adoption of rainwater
harvestingsystems.Developed nations such as Germany, Denmark, Australia, and New Zealand
have implemented rainwater utilization programs that employ pipe-bound systems in private
residences, public facilities, and industrial sites. These initiatives aim to conserve precious
drinking water by substituting it with collected roof runoff, rather than using it for non-potable
purposes like toilet flushing[2].Many researchers worldwide have recently attempted to assess
the quality of roof runoff. However, most of these studies focus on urban areas of developed
countries, investigating the role of roof runoff in urban stormwater pollution rather than the

14146
Eur. Chem. Bull. 2023, 12(Special Issue 4), 14146-14154


mailto:faheemul.islamkirmani@galgotia@golgotiacollege.edu
mailto:rahulrazz09211@gmail.com
mailto:raj.jdsvm14@gmail.com
mailto:hritikbaaliyan9818@gmail.com

Roof Top Rainwater Harvesting

Section A-Research paper

utilization of harvested roof runoff. This paper, on the other hand, examines the quality of water
collected from roof catchments in relation to its use as a harvested water source.
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Figure of rain water harvesting.

2. Factors Affecting Roof Runoff Water Quality

The water quality is influenced through several factors, including the source of water, the risk of
pollutants on the time of collection of rain water, treatment of rainwater, and storage of
rainwater, and the potential for contamination when the water is consumed [3].Contamination of
water can happen at any stage like on the roof, gutters or pipes, and in storage
tank.Contamination of rainwater in a rooftop harvesting system may start when it lands on the
roof, where it can pick up dirt and dissolve heavy metals, especially on metal surfaces, before
flowing into storage. Further changes to the water quality can occur during storage, which may
depend on the type of materials used in the storage system.

It is widely recognized that many substances exhibit a "firstflush effect,” in which their
concentrations are initially very high during first few minutes of a rain event after that it
gradually dropand attained a constant value [4]. Typically, these dynamic effects occur during the
first 2 mm of runoff height. Firstflush effect can combination of the following three processes

[5]:

o First, material that accumulated on roof at the time of the previous dry period can be run
off by rain.
o Second, weathering and corrosion products from the roof can be washed off.
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o Finally, the concentration of substances in rain may decrease with rising rainfall depth, as
particles, spray, and gases are scavenged by rain drops.

Implementing a firstflush device which is well-maintained can significantly enhance the
rainwater quality.Generally, rainwater collected from metal roofs exhibits a good amount of
bacteriological quality compared to other types of roofs [6].According to a study [6]
contamination of rainwater tends to increase when the dry periods extended between rainfall
events due to higher collection on roofs. The researchers also discovered that the runoff quality is
influenced by the intensity of the rainfall.

A study [7] that found some types of bacteria were capable of growing from low to higher
concentrations levelon the time of the storage of harvested rainwater.In other research [8] on the
long-term storage of rainwater found that certain bacterial strains did not decrease in levels
despite extended storage periods.Specifically, smaller tanks exhibited high Ilevels of
contaminated bacteria as compared to larger tanks. The absence of mechanical devices to protect
water quality in all tanks further compounded the issue, as tanks with lower capacities received a
disproportionately larger share of contaminating microorganisms. Additionally, smaller tanks
were more likely to accumulate sludge at the bottom, which could mix with standing water,
further deteriorating the water quality. The study suggests that installing first-flush instrument
alone can result in a significant enhancement in the quality of microbiological rainwater.

3. Physical-Chemical Quality

Various studies have been conducted on the physical-chemical characteristics of roof-collected
rainwater, which have been reported in the scientific literature. Some research, which have been
conducted in different regions of the world, generally indicate that the physical-chemical quality
of roof-collected rainwater meets the regulationsof drinking water quality. However, it should be
noted that someresearch have found that the pH of roofcollected rainwater is an exception to this
general trend [10].Therainwater pH comes in the range of 4.5 to 6.5, but studies have shown that
it may rise slightly after passing over the roof and during storage in tanks.It's worth noting that
the pH value of roof-collected rainwater may decline over time due to the age of the storage tank
and the length of time that the water has been stored.

The cracks of wood roof can trap the water, creating an environment that is conducive to the
growth of wood rotting organisms, as well as the growth of plants and the decay of organic
matter.

3.1. Heavy Metals

Heavy metals are a significant concern in rainwater harvesting due to their toxicity, widespread
occurrence, and the difficulty of removing them through simple treatment processes
[11].Although rooftops are effective at collecting atmospheric particles, the roofs themselves can
also be a source of heavy metals due to the leaching and degradation of roofing materials [12].
Over time, roofing materials may deteriorate and release heavy metals into rainwater, particularly
in areas with high levels of atmospheric pollution or acid rain. In a study [13] the concentration
of zinc and copper were found in roof water, to the extent that they constituted an environmental
hazard and also affected the quality of water [14]. Lead and cadmium are also commonly
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reported in rainwater harvesting studies. In particular, lead has been observed in runoff from a
variety of roofing materials, including polyester [15], slate, galvanized iron [16], and asphalt
shingle roofs [17]. Similarly, cadmium has been found in runoff from zinc and tarfelt roofs.
These heavy metals can pose a risk to human health and the environment [18].

It's crucial to monitor water quality for heavy metals when using harvested rainwater for direct
drinking purposes, particularly if the water is collected from metal roofs [19]. This is especially
important in developing countries where rainwater harvesting is a common practice but
monitoring and regulation of water quality may be limited [20]. However, there are relatively
few studies on heavy metal contamination in roof runoff from developing regions of the world,
and it's expected that the collected rainwater quality may differ in these regions due to
differences in climatic conditions and roofing materials [21]. Below Graph showing heavy metal
concentration in rooftop runoffs.
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Here is the table of heavy metals that are found in many study of rain water harvesting.

Collection Of Sampling No. Of Samples Analyzed Heavy Metal Found

From

Roof catchment 14 rain events Fe, Mn, Cr, Cd, Pb, Zn, Cu

Roof catchment 31 rain events Zn, Pb, Cu, Cd

Roof catchment 125 rain events Pb, Cd, Zn, Cu

Roof catchment 31 storms Al, Mg, Zn, Pb, Mn, Cu

Roof catchment 12 rain events Zn, Pb, Ni, Hg, Cu, Cr, Cd,
As
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3.2.  Trace Organics

Trace organic compounds, such as pesticides, are frequently detected in roof runoff and are
among the most common groups of pollutants found in harvested rainwater [22]. These
compounds can pose a risk to people life and inour surroundings, and can accumulate in
harvested rainwater over time.The level of trace organic compounds in roof runoff can be
affected by both the property of the roof and the pollutants chemical property [23]. Polkowska
[24] found that toluene hydrocarbons, were more abundant in roof runoff from a roof which is
covered of tar paper. Organic carbon was found to be high in runoff from a polyester roof [13].
Zobrist also observed that a polyester roof was a conduit for pesticides, whereas roof tiles and
gravel tended to keep pesticides [18]. Although there were some cases where a roof acted as a
sink for pollutants, the predominant function of roofs was found to be as a source of pollution.
Here is the table of trace organics that were found in many study of rain water harvesting.

Collection Of Sampling No. Of Samples Analyzed Parameters Tested

From

Roof catchment 45 rain events Pesticides, Petroleum Hydro-
carbons,

Roof catchment 14 rain events Pesticides

Roof catchment 33 rain events Aliphatic Carbon

4. Conclusions

There are many factors which is going to reduce the quality of the collected rainwater like the
different type of roof material, the amount of the rain fall intensity, trace organics such as
pesticides, toxic heavy metal which is difficult to remove from collected rain water, the rise in
the pH value of rain water when it falls on the roof and after the collection of it in the tank. So to
insure the quality of collected rain water we should focus on the factors that actually affect the
water quality like material of roof, rain fall intensity, toxic heavy metal, etc. Proper collection
and maintenance practices are crucial in maintaining the quality of roof-collected rainwater, as
poor practices can significantly reduce its quality.
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