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Introduction:

ARCSA/ASPE/ANSI Standard 63 is a Plumbing Engineering and Design Standard for Rainwater Catchment Systems that supports a
four-step process to encourage natural biofilms as part of the water filtration and treatment. This four-step process is not found in any
other national or global standard and sets Standard 63 above all other processes to create the cleanest water possible in a rainwater
harvesting system. This document sets out to estimate the effectiveness of ARCSA/ASPE/ANSI Standard 63 in reducing microbial
concentrations in supplied rainwater by calculating log reduction values for the system components. The estimates are based on a
literature survey of peer reviewed articles to evaluate the potential log reduction values associated with the four-step process in
supplied rainwater.

The four steps include prefiltration, a smoothing inlet, a floating filter intake, and a skimming overflow. The prefiltration step removes
large particulate matter, which carries and feeds bacteria. It also oxygenates the water in the tank, greatly reducing the number of
harmful bacteria in the tank. The smoothing or calming inlet is designed to direct the incoming water upwards to prevent disturbance
of the biofilm that has settled to the bottom of the tank. The biofilm at the bottom, and some found on the walls of the tank, work to
eliminate bad bacteria, therefore creating a healthier water environment. The floating filter draws water out of the tank below the
surface of the water to avoid any floating particulate. This ensures water is drawn where the cleanest water in the tank is found. The
skimming overflow removes the floating particulate off the surface of the water while also providing an excess water overflow. This
overflow should also eliminate vectors and vermin as well as backflow from any storm drains.

There are additional cleansing processes that occur in the tank with biofilms, and there are multiple studies on these processes.
However, there are no definitive results from these studies, and additional research is needed to determine how these four steps
combined work to affect biofilms in stored rainwater. This study only analyzed the four-step process found in Standard 63 as it relates
to log reductions and water quality in supplied rainwater. The post filtration processes typically include proven filters and disinfection



treatment trains and equipment that have been assigned proven log reduction levels. There has never been a log reduction assigned
to the Standard 63 four-step process, though this project argues that the four-step process does provide log reduction values and
should be recognized as a valid treatment method for rainwater catchment systems.

There is additional research needed that analyzes rainwater runoff from various roof surfaces and the four-step process in Standard
63. Those aspects still need assigned a level of participation in creating high water quality, but those aspects will vary greatly by
rainfall quantity, rainfall timing, system location, and catchment surface. Part of the process is the time between rainfall events when
everything dies in the tank and settles to the bottom of the tank. That is when the cleanest water is found in a tank. There are two
zones in a tank - the top aerobic, where we pump water from and the bottom 6-inch anaerobic zone, that we try not to disturb when
new water is added to a tank. This paper evaluates the literature available for the elements in the four-step process while knowing
there are many other factors that contribute to the water quality in a Standard 63 rainwater catchment system.

Itis ARCSA International’s primary goal to assign a minimum of a two-log reduction to the ARCSA/ASPE/ANSI Standard 63
rainwater harvesting system design involving the four-step process for bacterial reduction based on the following literature review
and the additional knowledge that natural processes found in a well-designed rainwater tank only add to the high-water quality.
Currently, the post tank filtration and purification steps required by Standard 63 will eliminate viruses and protozoa. However, log
reduction tables typically show zero log reduction targets for viruses and a 1-1.5 log reduction target for protozoa (per DALY and
California respectively) contaminants which will additionally be eliminated in the post tank filtration and purification.

Microbial treatment from pre-tank and in-tank processes required by Standard 63

Purpose: The goal of this project was to estimate the effectiveness of ARCSA/ASPE/ANSI Standard 63 in reducing microbial
concentrations in supplied rainwater relative to direct roof runoff by calculating log reduction values for the required system
components. This project focused on pre-tank and in-tank components of rainwater harvesting system design. The components
include pre-tank filtration, optional diversion of the first flush of rainwater, a calming inlet and floating filter, which encourage settling
and biofilm development in the tank, and a protected overflow device.

Approach: The estimates in this study are based on a literature survey. Journal articles were collected using Randolph College’s
OneSearch from EBSCO. The search terms and the number of articles found with these search terms are included in Table 1. In
many cases, papers were found using multiple search terms, making the total number of papers reviewed for this project lower than
the sum of the number of papers found with the search terms.



Search terms # of papers found

rainwater and harvest* and filt* 145
rainwater and harvest* and debris exclu* 0
rainwater and harvest* and biofilm 19
rainwater and harvest* and settling 1
rainwater and harvest* and first flush 46

Table 1: Search terms used to find journal articles for this analysis and the number of papers found for each set of terms.

To calculate a log reduction value, two estimates of microbial concentrations were needed — an estimate of the concentration without
the system component and an estimate of the concentration with treatment by the system component. For standard post-tank water
treatment components, such as ultraviolet lights, these two measurements are typically taken before and after the treatment
component. The log reduction is then calculated as

. _ Concentration before treatment
Log reduction = logio( : )
Concentration after treatment

Based on this, for inclusion in this analysis, a research paper needed to provide paired measurements of concentration with and
without the system component. These paired measurements could either be measurements at two points within the same system
(e.g. before the storage tank and after the storage tank) or measurements from paired systems, one with the component and one
without (e.g. measurements of bacterial concentration in the storage tank of a rainwater harvesting system with a pre-tank filter and
measurement of bacterial concentration in the storage tank of an adjacent rainwater harvesting system without a pre-tank filter). In
addition, only papers from peer-reviewed publications were included and papers studying post-tank treatment only were excluded.
Conference papers were not included. Out of all of the papers reviewed for this project, 15 papers included data that could be used
to calculate log reduction values, 185 papers were not suitable for calculating log reduction values.

Findings: All of the log reduction values calculated are included in Appendix A. A list of the excluded papers, including a brief note of
the reason for exclusion is included in Appendix B.

A summary of the findings, showing mean log reductions by component is shown in Table 2.



Rainwater E. coli Fecal Total Other
harvesting system coliforms | coliforms | bacteria*
component

Pre-tank filter and 0.1 0.1 0.1

first flush

Pre-tank filter 0.5

First flush** 1.2 0.4 0.5 1.1
In-tank processes*** | 1.1 0.2 0.3 0.8
Overflow** 1.7 1.0 15
Full system - no 0.5 0.8 1.0

post-tank treatment

Table 2. Mean log reduction values calculated for different pre-tank and in-tank rainwater harvesting system components.

*This category includes data on heterotrophic plate count, viable count at 30°C, Pseudomonas, Enterococcus and thermotolerant
coliforms. These types of bacteria were studied less frequently and are pooled for ease of analysis. These bacterial groups would not
necessarily be expected to respond similarly to treatment. However, because the treatment studied here is largely mechanical, the
treatment efficacy on these different groups of different parts of the rainwater harvesting system are likely small. All of the individual
data points are available in Appendix A.

** This value is likely an overestimate of the impact of the first flush and overflow. See details below.

*** |In-tank processes includes the biofilm, floating filter, and settling

Pre-tank filtration and first flush - Pre-tank filtration, which is required in Standard 63, has received very little research attention. Two
studies (Costa et al, 2021, Taffere et al, 2017) examined novel pre-tank filters, designed specifically for the study. No log reduction




value could be calculated from the Costa et al (2021) study because the initial bacterial concentrations were below the limit of
detection. A single study (Amin et al, 2013) examined the impact of a combined first flush and pre-tank filter system and found
modest log reductions. This leaves the impact of pre-tank filtration on the quality of harvested rainwater largely unstudied.

Diversion of the first flush is an optional feature of rainwater harvesting systems designed in accordance with Standard 63. However,
it is included here because of the research attention given to the first flush.The estimates of log reductions due to first flush diversion
(based on Gikas and Tsihrintzis, 2012; Gikas and Tsihrintzis, 2017; Lee et al, 2011; Mendez et al, 2011; Morgoda et al, 2022;
Sambas et al, 2019; van der Sterren et al, 2023) are calculated by comparing the water quality in the first flush water to stored water
in the tank. This is certainly an overestimation because the first flush water would be diluted in the tank. These values are included in
the table because of the emphasis the first flush has received in the research literature, but should not be considered a true estimate
of the impact of first flush diversion.

In-tank processes - In-tank processes can be measured by comparing the water quality at an elevated uptake point to water quality
lower in the tank, mimicking the ability of a floating filter to take cleaner water as settling occurs or by measuring the water entering
the storage tank and as it is pumped from the storage tank. Log reduction values for these processes range from 0.2 - 1.1 for the
different bacterial components studied, with a median of 0.8 (based on Amin et al, 2013; Andriamanantena et al, 2021; Kim and Han,
2014; Kim and Han, 2015; Tran et al, 2021; var der Merwe, 2013).

Overflow - A single study (van der Sterren et al, 2013) compared the concentration of microbial contaminants in an overflow tank with
the concentration in the main rainwater harvesting storage tank. Similar to the challenges of estimating the impacts of the first flush,
this compares the concentration of a contaminant in a small volume removed from a much larger tank to the concentration in the
larger tank. If all of the overflow water (or the first flush water) was added to the larger storage tank, the impact on the concentration
of the microbial contaminant in the storage tank would not be as large as implied by a log reduction value calculated just comparing
these concentrations because of dilution.

Full system - A single study also examined the water quality benefits of a full system, including first flush diversion, pre-tank filtering
and in-tank processes, without including post-tank treatment (Amin et al, 2013). For the bacterial components measured, the log
reduction ranged from 0.5-1.2, depending on the bacterial component considered. Other studies (Barriga et al, 2024; Khalid and
Alodah, 2023) provide information on the log reduction of a full rainwater harvesting system, including post-tank treatment, but these
studies were not included in the table



Limitations: Much of the research literature on rainwater harvesting still focuses on identification of microbial contamination in
rainwater harvesting tanks, with little emphasis on the impacts of treatment. Typically, when treatment is considered, researchers
study post-tank treatment or first-flush diversion. The limitations of many of these studies on first-flush diversion are discussed below.

Virtually all of the research on viruses in rainwater harvesting systems uses molecular technigues to identify the viruses. These
techniques identify the genetic material of the virus, and therefore will detect both active and inactive viruses. Because of this, only
physical removal of viruses, through settling, diversion or filtration can be measured. In addition, few of the studies quantify the viral
load.

A further limitation is that viruses and protozoa in rainwater harvesting systems are relatively understudied compared to bacteria,
particularly bacterial indicator organisms such as total coliforms. This literature survey did not discover any studies that measure
either of these contaminants at multiple points in a single rainwater harvesting system, except those that measure post-tank
treatment.

The literature surveyed also did not include any studies that feature a controlled comparison of a rainwater harvesting system (or
multiple systems) designed with components included in Standard 63 and a system (or systems) without those components.

Finally, many of the water quality benefits of appropriate rainwater harvesting design are based on in-tank processes that reduce the
microbial contamination through settling and death/inactivation. For example, preventing organic debris from entering the storage
tank reduces the nutrient load available for bacteria. These processes contribute to overall improvement of the water quality in
rainwater harvesting tanks; however, without paired studies of rainwater harvesting systems with and without appropriate design, the
impact of these features is difficult to determine.

Conclusion: In summary, the research literature does not provide sufficient evidence to ascribe a log reduction value for
appropriately designed rainwater harvesting systems for viruses or protozoa. However, the research on rainwater harvesting systems
demonstrates that the pre-tank and in-tank components of a rainwater harvesting system effectively reduce bacterial concentrations
and a log reduction value between 1 and 2 is appropriate for these systems.
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figure 3.
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Sustainability, 13(10), 5410-.
https://doi.org/10.3390/su13105410

Kim, M., & Han, M. (2015). Role of biofilms in

improving microbial quality in rainwater tanks.
Desalination and Water Treatment, 53(10), 2579-

2584.

Tran, S. H., Dang, H. T. T., Dao, D. A., Nguyen, V.-

A.,Nguyen, L. T., & Han, M. (2021). On-site

rainwater harvesting and treatment for drinking
water supply: assessment of cost and technical
issues. Environmental Science and Pollution
Research International, 28(10), 11928-11941.
https://doi.org/10.1007/s11356-020-07977-0

The heterotrophic plate count in the tank
initially increased to approximately 3.5
(Fig. 5b), likely due to mixing of bacteria

and available carbon sources when water

was transferred from the rainwater
harvesting system into this experimental
tank. This value is based on the difference
between the peak suspended
heterotrophic plate count and the value
one week later. These samples are from
the tank stored without sunlight exposure
to mimic appropriate design as required
by Standard 63.

Based on 4-5 day reduction in
concentration of two rainwater harvesting
systems

This represents the numerical mean of the
log reductions calculated for the two
systems for which data is reported in 2018
and 2019. The water was sampled in the
sedimentation tank and then just before
filtration. The first flush was diverted
before the sedimentation tank. Zero
values after filtration) were replaced with
1 CFU/100 ml as a conservative estimate.
Data was not included for which the initial
value was zero.



This is between the inlet and outlet of a
storage tank with baffles/walls set up to

Kim, M., & Han, M. (2014). Characteristics of . L
. - . . . . . . encourage settling. Biofilm growth was
In-tank settling and biofilms Viable bacteria at biofilm development in an operating rainwater . .
0.5 . . also monitored but impact on water
(see note) 30 degrees C storage tank. Environmental earth sciences, 72, . .
quality was not directly measured ---
1633-1642. . . .
improvement in water quality was
attributed to the biofilm.
These values are calculated from
concentrations estimated from Fig. 3a and
are values for system 1. The value is
Amin, M. T., Kim, T. I., Amin, M. N., & Han, M. Y.  calculated as log(10)(average surface and
(2013). Effects of Catchment, First-Flush, Storage midway concentration/average point of
Floating filter Total coliforms 0.3 Conditions, and Time on Microbial Quality in supply concentration) -- these numbers
Rainwater Harvesting Systems. Water more accurately represent the difference
Environment Research, 85(12), 2317-2329. between the surface and a lower point
than the elevation of a traditional floating
filter. The point of supply was 0.5m above
the bottom of the tank, which was 2 m tall.
These values are calculated from
. . . concentrations estimated from Fig. 5a and
Amin, M. T., Kim, T. l., Amin, M. N., & Han, M. Y. .
. are values for system 2. The value is
(2013). Effects of Catchment, First-Flush, Storage .
S . . . . . . calculated as log(10)(average all points
Floating filter Total coliforms 0.2 Conditions, and Time on Microbial Quality in . .
. . except the point of supply/average point
Rainwater Harvesting Systems. Water . .
. of supply concentration) -- The point of
Environment Research, 85(12), 2317-2329.
supply was 1.35 m above the bottom of
the tank, which was 4.7 m tall.
Tran, S. H., Dang, H. T. T., Dao, D. A., Nguyen, V.- ' This represents the numerical mean of the
A.,Nguyen, L. T., & Han, M. (2021). On-site log reductions calculated for the three
Total coliforms 0.4 rainwater harvesting and treatment for drinking  sampled systems in 2018 and 2019. The
water was sampled in the sedimentation

water supply: assessment of cost and technical
issues. Environmental Science and Pollution

In-tank settling (see note)
tank and then just before filtration. The



Full system - including
aeration tank, filtration
(adsorption and sediment
filtration), UV disinfection,
first flush diversion and
floating filter

Full system - including
aeration tank, filtration
(adsorption and sediment
filtration), UV disinfection,
first flush diversion and
floating filter

Full system - no post-tank
treatment

Full system - no post-tank
treatment

Full system - no post-tank
treatment

Total coliforms

E. coli

E. coli

Fecal coliforms

Total coliforms

3.5

3.0

0.5

0.8

1.0

Research International, 28(10), 11928-11941.
https://doi.org/10.1007/s11356-020-07977-0

Khalid, B., & Alodah, A. (2023). Multivariate
Analysis of Harvested Rainwater Quality Utilizing
Sustainable Solar-Energy-Driven Water
Treatment. Sustainability, 15(19), 14568-.
https://doi.org/10.3390/su151914568

Khalid, B., & Alodah, A. (2023). Multivariate
Analysis of Harvested Rainwater Quality Utilizing
Sustainable Solar-Energy-Driven Water
Treatment. Sustainability, 15(19), 14568-.
https://doi.org/10.3390/su151914568

Amin, M. T., Kim, T. I., Amin, M. N., & Han, M. Y.
(2013). Effects of Catchment, First-Flush, Storage
Conditions, and Time on Microbial Quality in
Rainwater Harvesting Systems. Water
Environment Research, 85(12), 2317-2329.

Amin, M. T., Kim, T. I., Amin, M. N., & Han, M. Y.
(2013). Effects of Catchment, First-Flush, Storage
Conditions, and Time on Microbial Quality in
Rainwater Harvesting Systems. Water
Environment Research, 85(12), 2317-2329.

Amin, M. T., Kim, T. I., Amin, M. N., & Han, M. Y.
(2013). Effects of Catchment, First-Flush, Storage
Conditions, and Time on Microbial Quality in

first flush was diverted before the
sedimentation tank.

This value is calculated from the mean
concentration of unfiltered rainwater and
rainwater treated by the system - it is
unclear how the untreated samples were
collected

This value is calculated from the mean
concentration of unfiltered rainwater and
rainwater treated by the system - it is
unclear how the untreated samples were
collected

These values are calculated from percent
reductions given in the text in the first
paragraph on page 2323. NOTE: The text
specifies that the reductions were
"almost" this value.

These values are calculated from percent
reductions given in the text in the first
paragraph on page 2323. NOTE: The text
specifies that the reductions were
"almost" this value.

These values are calculated from percent
reductions given in the text in the first
paragraph on page 2323. NOTE: The text



Full system - no post-tank
treatment

Full system, including
chlorination and post-tank
filtration

HPC 1.2

Fecal coliforms 0.7

Rainwater Harvesting Systems. Water
Environment Research, 85(12), 2317-2329.

Amin, M. T., Kim, T. l.,, Amin, M. N., & Han, M. Y.
(2013). Effects of Catchment, First-Flush, Storage
Conditions, and Time on Microbial Quality in
Rainwater Harvesting Systems. Water
Environment Research, 85(12), 2317-2329.

Barriga, F., Gomez, G., Diez, M. C., Fernandez, L.,
& Vidal, G. (2024). Influence of Catchment
Surface Material on Quality of Harvested
Rainwater. Sustainability, 16(15), 6586-.
https://doi.org/10.3390/su16156586

specifies that the reductions were
"almost" this value.

These values are calculated from percent
reductions given in the text in the first
paragraph on page 2323. NOTE: The text
specifies that the reductions were

"almost" this value.

This is only for one site because it was the
only site with an initial number for the
coliform data in the untreated rainwater
(2.7, all others were <1 MPN/100 ml). The
value after treatment was <1, which was
taken to be 0.5. The whole system is
described as "The rainwater was captured
by the different roof surfaces and
conveyed through gutters to a stainless-
steel mesh filter to retain leaves and larger
solids. Then, the first millimeters of rain
were conveyed to the first flush diverter to
prevent particles, sediment, coloring,
organic matter, and even pathogens that
had accumulated on the roof, as well as
pesticides and organic compounds
entrained by the rain from the air, from
reaching the water storage tank [14,16].
Once the rainwater reached the storage
tank, it was disinfected by dosing with
calcium hypochlorite (65% strength) in
accordance with local regulations and the


https://doi.org/10.3390/su16156586
https://doi.org/10.3390/su16156586
https://doi.org/10.3390/su16156586

intended use of the harvested water.
Finally, the water was extracted with a 0.5-
HP pump to then pass through two filters
with different pore sizes (130 um and 5
um) and harvested at the outlet tap for its
end use."

Barriga, F., Gdmez, G., Diez, M. C., Fernandez, L.,

Full system, including & Vidal, G. (2024). Influence of Catchment Lo
o . ) ) Unable to calculate, because of low initial
chlorination and post-tank = Total coliforms Surface Material on Quality of Harvested
) . ) ] . values (<1 MPN/100 ml)
filtration Rainwater. Sustainability, 16(15), 6586-.

https://doi.org/10.3390/su16156586

Barriga, F., Gdmez, G., Diez, M. C., Fernandez, L.,

Full system, including & Vidal, G. (2024). Influence of Catchment L
L . . . Unable to calculate, because of low initial
chlorination and post-tank E. coli Surface Material on Quality of Harvested
. . . o values (<1 MPN/100 ml)
filtration Rainwater. Sustainability, 16(15), 6586-.

https://doi.org/10.3390/su16156586

van der Sterren, M., Rahman, A., & Dennis, G. R. This value compares concentrations

. (2013). Quality and Quantity Monitoring of Five  measured in an overflow collection device

Overflow E. coli 1.7 . . . . .
Rainwater Tanks in Western Sydney, Australia.  to the water quality measured in the tank.

Journal of Environmental Engineering (New The paper included limited detail on the



Overflow

Overflow

Overflow

Pre-tank filter

Total coliforms

Enterococcus

Thermotolerant
coliforms

Thermotolerant
coliforms

1.0

2.0

1.0

York, N.Y.), 139(3), 332-340.
https://doi.org/10.1061/(ASCE)EE.1943-
7870.0000614

van der Sterren, M., Rahman, A., & Dennis, G. R.
(2013). Quality and Quantity Monitoring of Five
Rainwater Tanks in Western Sydney, Australia.
Journal of Environmental Engineering (New
York, N.Y.), 139(3), 332-340.
https://doi.org/10.1061/(ASCE)EE.1943-
7870.0000614

van der Sterren, M., Rahman, A., & Dennis, G. R.
(2013). Quality and Quantity Monitoring of Five
Rainwater Tanks in Western Sydney, Australia.
Journal of Environmental Engineering (New
York, N.Y.), 139(3), 332-340.
https://doi.org/10.1061/(ASCE)EE.1943-
7870.0000614

van der Sterren, M., Rahman, A., & Dennis, G. R.
(2013). Quality and Quantity Monitoring of Five
Rainwater Tanks in Western Sydney, Australia.
Journal of Environmental Engineering (New
York, N.Y.), 139(3), 332-340.
https://doi.org/10.1061/(ASCE)EE.1943-
7870.0000614

Costa, P. C. L. da, Azevedo, A. R. G. de, Silva, F. C.
da, Cecchin, D., & Carmo, D. de F. do. (2021).
Rainwater treatment using an acrylic blanket as
a filtering media. Journal of Cleaner Production,
303, 126964-.

configuration of the overflow.

This value compares concentrations
measured in an overflow collection device
to the water quality measured in the tank.

The paper included limited detail on the
configuration of the overflow.

This value compares concentrations
measured in an overflow collection device
to the water quality measured in the tank.

The paper included limited detail on the
configuration of the overflow.

This value compares concentrations
measured in an overflow collection device
to the water quality measured in the tank.

The paper included limited detail on the
configuration of the overflow.

Unable to calculate a value because the
target organism was absent in both pre
and post-filtration samples


https://doi.org/10.1016/j.jclepro.2021.126964

https://doi.org/10.1016/j.jclepro.2021.126964

Costa, P. C. L. da, Azevedo, A. R. G. de, Silva, F. C.
da, Cecchin, D., & Carmo, D. de F. do. (2021).

. . . Unable to calculate a value because the
Rainwater treatment using an acrylic blanket as

Pre-tank filter Total coliforms o . . target organism was absent in both pre
a filtering media. Journal of Cleaner Production, . .
and post-filtration samples
303, 126964-.
https://doi.org/10.1016/j.jclepro.2021.126964
Taffere, G. R., Beyene, A., Vuai, S. A. H., Gasana,
J., & Seleshi, Y. (2017). Dilemma of roof rainwater
. . quality: appllcatlon's of physical and organlc Pre Tank filtration is with a slow-sand
Pre-tank filter Total coliforms 0.5 treatment methods in a water scarce region of filter.
Mekelle, Ethiopia. Urban Water Journal, 14(5),
460-466.
https://doi.org/10.1080/1573062X.2016.1176225
Amin, M. T., Kim, T. I., Amin, M. N., & Han, M. Y. These values are calculated from
(2013). Effects of Catchment, First-Flush, Storage concentrations estimated from Fig. 3b and
Pre-tank filter and first flush E. coli 0.1 Conditions, and Time on Microbial Quality in  are values for system 1. The log reduction
Rainwater Harvesting Systems. Water value compares sampling point S1,1 with
Environment Research, 85(12), 2317-2329. S1,2.
Amin, M. T., Kim, T. ., Amin, M. N., & Han, M. Y. These values are calculated from
(2013). Effects of Catchment, First-Flush, Storage concentrations estimated from Fig. 3b and
Pre-tank filter and first flush  Fecal coliforms 0.1 Conditions, and Time on Microbial Quality in are values for system 1. The log reduction
Rainwater Harvesting Systems. Water value compares sampling point S1,1 with

Environment Research, 85(12), 2317-2329. S1,2.


https://doi.org/10.1016/j.jclepro.2021.126964
https://doi.org/10.1016/j.jclepro.2021.126964
https://doi.org/10.1016/j.jclepro.2021.126964
https://doi.org/10.1016/j.jclepro.2021.126964

Pre-tank filter and first flush  Total coliforms

Pre-tank filter and first flush HPC

Amin, M. T., Kim, T. I., Amin, M. N., & Han, M. Y. These values are calculated from
(2013). Effects of Catchment, First-Flush, Storage concentrations estimated from Fig. 3b and

0.1 Conditions, and Time on Microbial Quality in  are values for system 1. The log reduction
Rainwater Harvesting Systems. Water value compares sampling point S1,1 with
Environment Research, 85(12), 2317-2329. S1,2.
Amin, M. T., Kim, T. I., Amin, M. N., & Han, M. Y. These values are calculated from
(2013). Effects of Catchment, First-Flush, Storage concentrations estimated from Fig. 3b and
0.2 Conditions, and Time on Microbial Quality in  are values for system 1. The log reduction
Rainwater Harvesting Systems. Water value compares sampling point S1,1 with
Environment Research, 85(12), 2317-2329. S1,2.

APPENDIX B: Additional papers assessed for information but not included in the table

Reference

Exclusion reason

Ahammed, M. M., & Meera, V. (2010). Metal oxide/hydroxide-coated dual-media filter for
simultaneous removal of bacteria and heavy metals from natural waters. Journal of Post-tank treatment only
Hazardous Materials, 181(1), 788-793. https://doi.org/10.1016/j.jhazmat.2010.05.082

Abedin, Md. A,, Collins, A. E., Habiba, U., & Shaw, R. (2019). Climate Change, Water

Scarcity, and Health Adaptation in Southwestern Coastal Bangladesh. International

No water quality data

Journal of Disaster Risk Science, 10(1), 28-42. https://doi.org/10.1007/s13753-018-0211-

8

Acharya, S., Datta, R., & Debnath, B. (2023). Theoretical and experimental investigations

of an integrated rainwater harvesting system for electricity and drinking water.

No water quality data

Environmental Science and Pollution Research International, 30(24), 66359-66371.

https://doi.org/10.1007/s11356-023-27120-z

Acharya, S., Datta, R., & Debnath, B. (2023). Theoretical and experimental investigations
of an integrated rainwater harvesting system for electricity and drinking water. No water quality data
Environmental Science and Pollution Research International, 30(24), 66359-66371.



https://doi.org/10.1007/s11356-023-27120-z

Ahmed, W., Huygens, F., Goonetilleke, A., & Gardner, T. (2008). Real-time PCR detection
of pathogenic microorganisms in roof-harvested rainwater in Southeast Queensland,
Australia. Applied and environmental microbiology, 74(17), 5490-5496.
https://doi.org/10.1128/AEM.00331-08

Ahmed, W., Vieritz, A., Goonetilleke, A., & Gardner, T. (2010). Health risk from the use of
roof-harvested rainwater in Southeast Queensland, Australia, as potable or nonpotable
water, determined using quantitative microbial risk assessment. Applied and

environmental microbiology, 76(22), 7382-7391. https://doi.org/10.1128/AEM.00944-10

Alam, K., & Rahman, Md. H. (2019). Post-disaster recovery in the cyclone Aila affected
coastline of Bangladesh: women'’s role, challenges and opportunities. Natural Hazards
(Dordrecht), 96(3), 1067-1090. https://doi.org/10.1007/s11069-019-03591-7

Alderton, S. (2020). Tips to harvest rainwater on farm. Farmers Weekly, 173(13), 38-39.

Alegbeleye, O., & Sant’Ana, A. S. (2023). Microbiological quality of irrigation water
collected from vegetable farms in Sao Paulo, Brazil during the dry and rainy season.
Agricultural Water Management, 279, 108190-.
https://doi.org/10.1016/j.agwat.2023.108190

Alim, M. A., Rahman, A., Tao, Z., Samali, B., Khan, M. M., & Shirin, S. (2020). Feasibility
analysis of a small-scale rainwater harvesting system for drinking water production at
Werrington, New South Wales, Australia. Journal of Cleaner Production, 270, 122437-.
https://doi.org/10.1016/j.jclepro.2020.122437

Ambast, S. K., Tyagi, N. K., & Raul, S. K. (2006). Management of declining groundwater in
the Trans Indo-Gangetic Plain (India): Some options. Agricultural Water Management,
82(3), 279-296. https://doi.org/10.1016/j.agwat.2005.06.005

Amin, M. T., & Han, M. Y. (2009). Roof-harvested rainwater for potable purposes:
Application of solar collector disinfection (SOCO-DIS). Water Research (Oxford), 43(20),
5225-5235. https://doi.org/10.1016/j.watres.2009.08.041

Sampling of existing systems only --- no
information on system design

Sampling of existing systems only --- no
information on system design

No water quality data

Not peer reviewed

Samples only at one point in the water
systems, cannot assess treatment

Simulation study only

No rainwater quality data

Studied solar disinfection - post-tank
treatment


https://doi.org/10.1007/s11356-023-27120-z
https://doi.org/10.1007/s11069-019-03591-7
https://doi.org/10.1007/s11069-019-03591-7

Anstiss, R. G., & Ahmed, M. (2007). A Conceptual Model to be Used for Community-based

No water quality data - conceptual paper onl
Drinking-water Improvements. Journal of Health, Population and Nutrition, 24(3). d Y a Pap y

Antdo- Geraldes, A. M., Pinto, M. F. G. D. A., Afonso, M. J., Albuquerque, A., Calheiros, C., &
Silva, F. (2023). Promoting water efficiency in a municipal market building: a case study. Modeling study only - no water quality data
Hydrology, 10(3), 69-. https://doi.org/10.3390/hydrology10030069

Aru Yudhantoro, W., Warno Utomo, S., & Nowo Martono, D. (2020). Water Reuse Planning
for Fulfilment of Clean Water in Indonesia. E3S Web of Conferences, 202, 3002-. Conference paper - no water quality data
https://doi.org/10.1051/e3sconf/202020203002

Ashrafuzzaman, M. (2023). Local Context of Climate Change Adaptation in the South-
Western Coastal Region of Bangladesh. Sustainability, 15(8), 6664-. No water quality data
https://doi.org/10.3390/su15086664

Ashrafuzzaman, M., Gomes, C., & Guerra, J. (2023). The Changing Climate Is Changing
Safe Drinking Water, Impacting Health: A Case in the Southwestern Coastal Region of No water quality data
Bangladesh (SWCRB). Climate (Basel), 11(7), 146-. https://doi.org/10.3390/cli11070146

Bae, S., Maestre, J. P., Kinney, K. A., & KiriSitS, M. J. (2019) An examination of the No treatment included -- on[y roof runoff

microbial community and occurrence of potential human pathogens in studied. The paper did exclude the first flush,
rainwater harvested from different roofing materials. Water research, 159, 406-  but this was not compared with later
413. https://doi.org/10.1016/j.watres.2019.05.029 harvested rainwater anywhere in the paper.

Bani, S., Matambo, C., Limson, J., Zuma, B. M., & Tandlich, R. (2024). Operation and
Performance of The Lab and Pilotscale Greywater Treatment Systems: Biochar and
Gravel Use in South Africa. The Journal of Solid Waste Technology and Management,
50(1), 458-478. https://doi.org/10.5276/jswtm/iswmaw/501/2024.458

Greywater treatment - not rainwater

Not a research paper, no rainwater harvesting

BUSINESS BRIEFS. (2015). Poultry World, 170(7), 18-. dat
atla

Castier, M., & de Barros Barreto, P. (2023). Economic attractiveness of domestic
rainwater harvesting in Brazilian cities. Discover Water, 3(1), 9-9. No water quality data
https://doi.org/10.1007/s43832-023-00033-1



Chai, H., Chen, Z., Shao, Z., Deng, S, Li, L., Xiang, Y., Li, L., Hu, X., & He, Q. (2019). Long-

term pollutant removal performance and mitigation of rainwater quality deterioration

with ceramsite and Cyperus alternifolius in mountainous cities of China. Environmental No microbial water quality data
Science and Pollution Research International, 26(32), 32993-33003.

https://doi.org/10.1007/s11356-019-06328-y

Chamberlain, J. F., & Sabatini, D. A. (2014). Water-supply options in arsenic-affected
regions in Cambodia: Targeting the bottom income quintiles. The Science of the Total ~ No water quality data
Environment, 488-489, 521-531. https://doi.org/10.1016/j.scitotenv.2013.12.011

Chen Qiuli, Sun Hongwei, & Chen Shiguang. (2021). Performance of an innovative
gravity-driven micro-filtration technology for roof rainwater treatment. Environmental  Studied ceramic filter - post-tank treatment
Engineering Research, 26(6), 20-28.

Chen, C.-F., Chen, Y.-W.,, Lin, C.-H., & Lin, J.-Y. (2024). Field performance of 15 rain
gardens in different cities in Taiwan. The Science of the Total Environment, 947, 174545-
. https://doi.org/10.1016/].scitotenv.2024.174545

Samples only at one point in the water
systems, cannot assess treatment

Chidamba, L., & Korsten, L. (2015). Pyrosequencing analysis of roof-harvested rainwater
and river water used for domestic purposes in Luthengele village in the Eastern Cape .

. . . L Single samples only from systems
Province of South Africa. Environmental Monitoring and Assessment, 187(2), 41-17.

https://doi.org/10.1007/s10661-014-4237-0

Chidamba, L., & Korsten, L. (2018). Relative proportions of E. coli and Enterococcus spp.

may be a good indicator of potential health risks associated with the use of roof Sampling of existing systems only --- no
harvested rainwater stored in tanks. Environmental monitoring and assessment, 190(3), information on system design

177. https://doi.org/10.1007/s10661-018-6554-1

Chubaka, C. E., Whiley, H., Edwards, J. W., & Ross, K. E. (2018). Lead, Zinc, Copper, and
Cadmium Content of Water from South Australian Rainwater Tanks. International
Journal of Environmental Research and Public Health, 15(7), 1551-.
https://doi.org/10.3390/ijerph15071551

Small amount of samples looked at pre and
post filter, but not enough data given to
calculate percent reductions



Contained data from samples before and after
Chubaka, C. E., Whiley, H., Edwards, J. W., & Ross, K. E. (2018). Microbiological Values of  post-tank filtration systems on multiple
Rainwater Harvested in Adelaide. Pathogens (Basel), 7(1), 21-. homes, but no information was given on the
https://doi.org/10.3390/pathogens7010021 filtration, unclear if it was just filters or if it
included UV or similar

Clark, G. G., Jamal, R., & Weidhaas, J. (2019). Roofing material and irrigation frequency
influence microbial risk from consuming homegrown lettuce irrigated with harvested
rainwater. The Science of the total environment, 651(Pt 1), 1011-1019.
https://doi.org/10.1016/j.scitotenv.2018.09.277

Direct sampling of roof runoff only

D’ Silva, T. C., Verma, S., Magdaline, R. M., Chandra, R., & Khan, A. A. (2022).

Environmental resilience and sustainability through green technologies: A case evidence . .
. . . ) Computational only, no water quality data

from rural coastal India. Environmental Engineering Research, 27(5), 210262-.

https://doi.org/10.4491/eer.2021.262

de Kwaadsteniet, M., Dobrowsky, P. H., van Deventer, A., Khan, W., & Cloete, T. E. (2013).
Domestic Rainwater Harvesting: Microbial and Chemical Water Quality and Point-of-Use
Treatment Systems. Water, Air, and Soil Pollution, 224(7), 1-19.
https://doi.org/10.1007/s11270-013-1629-7

Review paper only

Delaney, R. G., Blackburn, G. A., Whyatt, J. D., & Folkard, A. M. (2022). SiteFinder: A
geospatial scoping tool to assist the siting of external water harvesting structures.
Agricultural Water Management, 272, 107836-.
https://doi.org/10.1016/j.agwat.2022.107836

No water quality data - modeling study

Demuzere, M., Coutts, A. M., Gohler, M., Broadbent, A. M., Wouters, H., van Lipzig, N. P.
M., & Gebert, L. (2014). The implementation of biofiltration systems, rainwater tanks and
urban irrigation in a single-layer urban canopy model. Urban Climate, 10, 148-170.
https://doi.org/10.1016/j.uclim.2014.10.012

No water quality data

Diehl de Souza, T., & Ghisi, E. (2020). Harvesting rainwater from scaffolding platforms
and walls to reduce potable water consumption at buildings construction sites. Journal Modeling study only - no water quality data
of Cleaner Production, 258, 120909-. https://doi.org/10.1016/].jclepro.2020.120909



Dissanayake, J., & Han, M. (2021). The effect of number of tanks on water quality in
rainwater harvesting systems under sudden contaminant input. The Science of the Total
Environment, 769, 144553-. https://doi.org/10.1016/].scitotenv.2020.144553

experimental study using kaolin clay or salt as
a tracer - no microbial data

Dobrowsky, P. H., Khan, S., Cloete, T. E., & Khan, W. (2016). Molecular detection of

Acanthamoeba spp., Naegleria fowleri and Vermamoeba (Hartmannella) vermiformis as Studied solar pasteurization, post tank
vectors for Legionella spp. in untreated and solar pasteurized harvested rainwater. treatment only
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