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Abstract Invited Reviewers
Background: Decentralized drinking water treatment methods

generally apply membrane-based treatment approaches. Ozonation 1 2 3

of drinking water, which previously has only been possible at large ~ 7mmmmmmmmmmmmm————m e
centralized facilities, can now be accomplished on a small-scale using version 2
microplasma technology. The efficacy of decentralized solar-powered (revision)
drinking water treatment systems has not previously been described. 15 Oct 2020
Methods: We established a 1,000L decentralized solar-powered water

treatment system located in Kisumu County, Kenya. Highly version 1 - - ) 4
contaminated surface water is pumped to the treatment system, ) )

v v v

report report report

. . . . . . . 29 May 2020 report report report
which includes flocculation and filtration steps prior to ozonation.
Turbidity, total coliform bacteria, and E. coli were measured at various = Tmmmmmmmmmm—m—m——m——me
stages of water treatment, and bacterial log reduction values (LRVs) 1. Geremew Sahilu, Addis Ababa University,
were calculated. Addis Ababa, Ethiopia
Results: Forty-seven trials were conducted in which1000L of water
were flocculated, filtered, and ozonated for 180 minutes. Baseline 2. Liane Nakada '*/, University of Campinas,

turbidity and E. coli concentrations were reduced from a median of
238 nephelometric turbidity units (NTU) and 2,419.7 most probable

Sao Paulo, Brazil

number/100mL, respectively, in surface water to 1.0 NTU and 3. Urmila Brighu, Malaviya National Institute of
undetectable E. coli after ozonation for 180 minutes. The median E. coli ) . .

Technology Jaipur, Jaipur, India
LRV was 3.99. ) ) _ _
Conclusions: The solar-powered, decentralized water treatment Ashish Tambi, IIS (Deemed to be University),
system that utilizes ozonation for disinfection was founded to reduce Jaipur, India

E. coli by more than 3 log-orders of magnitude despite the high

turbidity of the raw water. Further research is needed to characterize ~ Any reports and responses or comments on the
limitations, scalability, economic viability, and community perspectives  article can be found at the end of the article.
that could help determine the role for similar systems in other
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Abbreviations

AC, Alternating current; CFU, colony forming units; DC, Direct
current; Hz, Hertz; g, grams; mL, Milliliters; L, Liter; LRV, Log
reduction value; MPN, Most probable number; ND, non-detect;
NTU, Nephelometric turbidity units; POU, Point of use; USEPA,
United States Environmental Protection Agency; V, Volt; W,
Watt; WHO, World Health Organization

Introduction

In 2017, an estimated 357 million cases of diarrhea occurred
among children under the age of five years in low- and middle-
sociodemographic index countries, resulting in approximately
222,457 deaths (IHME, 2020). Of those deaths, 93.5% are
attributable to unsafe water, sanitation, and handwashing. Meet-
ing Target 6.1 of the United Nations Sustainable Development
Goals - universal and equitable access to safe and affordable
drinking water by 2030 - should therefore substantially reduce
the global burden of waterborne diarrheal disease in children.
Meeting that target will require innovative and effective interven-
tions, as an estimated 144 million people, more than half of whom
live in Sub-Saharan Africa, collect drinking water directly from
surface waters (UNICEF & World Health Organization, 2019).

The costs of constructing centralized drinking water treatment
systems and water distribution systems, as well as the costs for
operations and maintenance of such systems, are in the hun-
dreds of millions of dollars (Plappally & Lienhard, 2013), far
beyond the reach of many low- and middle-income countries.
Point-of-use (POU) water treatment has been utilized as an alter-
native approach to centralized treatment in such settings. While
certainly far less costly, the long-term adherence to POU water
treatment is highly variable and often poor (Roma er al., 2014;
Rosa & Clasen, 2017; Rothstein er al., 2015), perhaps in part
due to challenges in adherence. High-quality intervention
studies have not reported consistent reductions of diarrhea occur-
rence in children in association with POU water treatments
(Clasen et al., 2015).

Another type of alternative to centralized drinking water treat-
ment is decentralized treatment (Peter-Varbanets er al., 2009).
Such systems produce water, typically using membrane-based
ultrafiltration with or without chlorination or ultraviolet disinfec-
tion. At decentralized treatment stations, community members
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can refill containers - generally approximately 20L — with
treated water. Refill kiosks at decentralized systems have
become local businesses in both urban and rural areas of South-
east Asia (Sima & Elimelech, 2013). In an evaluation of 10
decentralized membrane-based systems in rural healthcare
facilities in rural Rwanda, the systems were found to consist-
ently provide high-quality water without the need for tech-
nical expertise to operate (Huttinger er al., 2015). However,
the use of those systems was limited to areas with robust
access to water and electricity.

A strategy that has not be explored is to bring decentralized
systems to areas without reliable access to electricity by deploy-
ing treatment systems that run solely on solar energy. New
microplasma technology has made it possible to produce ozone
using small, scalable units, with three times the efficiency of
conventional dielectric barrier discharge or corona ozone reac-
tors (Kim et al., 2017; Simek & Clupek, 2002). We recently
evaluated that technology as a POU water treatment in Kisian,
Kenya (Dorevitch er al., 2020). Ten families were asked to
ozonate their household stored water in 20L containers for a
two-hour period before using the water for drinking. Water
quality was monitored weekly for eight weeks. The median
(10™, 90™ percentile) concentration of E. coli in household-
stored water was 203.7 (7.9, 2,419.7) most probable number
(MPN) per 100mL water. Household drinking water (which was
meant to have been ozonated) had median E. coli concentra-
tions of 11.4 (0.9, 369.7) MPN/100L. Thus, while E. coli levels
decreased as a result of ozonation, they were generally above
safe levels (i.e., zero), perhaps in part due to the high median
turbidity of household-stored water of 48.6 nephelometric
turbidity units (NTU). While solar-powered ozonation showed
promise as a POU method, the deployment of the technology
would be more efficient if several ozone generators simulta-
neously disinfected larger volumes of water over longer peri-
ods of time. The addition of turbidity reduction steps would be
expected to increase the efficacy of the disinfection process.

The primary goals of this research are to: 1) describe what we
believe is the first decentralized solar-powered drinking water
treatment system using ozone disinfection, and 2) to evaluate
the performance of that system in treating surface water.

Methods

Materials

Water treatment system. A schematic diagram (Figure 1)
identifies key elements of the disinfection process. The three
tanks and the housing for the ozone generator and initial
(pre-ozonation) filters occupy an area of approximately 3 x 5 m.
Five thousand L of river water were pumped from the River
Nyando by a Pedrollo PKm100 1.1KW Pump over a period of
approximately 1 hour. The raw water flowed through a PVC
pipe and just before the 5,000L settling tank, an inline dosing
pump (22W Grundfos DDC 6-10 Dosing Pump (240V) injected
the water with the flocculating agent alum (powder aluminum
sulfate; Kurita Water Industries) from a 100L fiberglass tank.
The alum dose desired was 1g/L based on trials of flocculating
highly turbid water (Preston et al., 2010); however the specific
container used in preliminary field trials of ozonation held
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Figure 1. Schematic diagram of the water treatment system.

935¢g, and that remained the mass utilized once the dosing sys-
tem was automated. After suspended solids settled overnight,
water was released from the settling tank and flowed by
gravity to the balance tank through an outlet several cm above
the bottom of the tank. Settled floc is removed via a clear-out
valve below the outlet to the balance tank. Additional settling of
solids took place in the balance tank. A 240V, 0.5 horsepower
electric pump (Electric Filter (Pedrollo Linz Pump) moved water
from the balance tank into a rapid glass filter containing
Certikin glass media (3mm) and Jacobbi Activated carbon
media chippings. Glass media is generally less costly than sand
and in a laboratory evaluation of sand and glass filtration, was
found to provide more rapid filtration without a loss of efficacy
(Healy er al., 2010). Water was then pumped approximately
1.5 meters in elevation into the 1,000L PVC ozonation tank.
The process of water filtration and filling of the ozonation tank
took approximately 45 minutes. Following ozonation (described
next), the water flows through the So-Safe Triple Multibody
10” Filter (8 bar) with an activated carbon and two sediment
cartridges. After that step, the filtered water is considered to
be “finished water”” A 5,000L tank collects rooftop harvested
rainwater, so that if, during wet weather, cloud cover is too
heavy to power the system (this has yet to occur), rainwater
can be pumped into the ozonation tank. A utility housing
(Figure 2) contained the filters, pumps, and ozone generators.
Finished water was available to the public and water vendors
at the on-site water kiosk (Figure 3).

Ozonation. Four portable microplasma ozone generators
were used (Purelife 1000, EP Purification, Champaign, IL,
USA). Each unit weighs 780 grams, and measures 5.4cm X
11.7cm x 18.4 cm, approximately the size of book, and were
maintained in the utility housing (Figure 4). The ozone unit
has a miniature diaphragm air pump that draws ambient air at

S,

Figure 2. Utility housing. Upper right: The large black tank on the
right is the settling tank; Right: The white tank is the balance tank;
Left: The white tank is the ozonation tank. Tubing carrying ozone
to the diffusers (not visible) can be seen entering the tank. Yellow
container in the foreground contains alum.
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Figure 3. Sales kiosk. Jerrycans of water being prepared by kiosk
staff for loading onto a water vendor’s cart. The black tank on the
upper right is the settling tank.

the rate of 2 liters per minute into the array of 250 um scale
(width) channels fabricated in a nanoporous Al,O,/aluminum
chip (reaction volume of 1.9 uL/channel). In the microchan-
nels, oxygen in ambient air (O,) is converted to ozone (O,) by a
high frequency electric field applied across the top and bottom
electrodes in the channel. The power consumption of the chip
is 10-14 watts per hour. The unit has a built-in rechargeable
battery of 7 amperes capacity to operate for 90 minutes if an
external power failure were to occur. Each unit produces 0.2—
0.35 g of ozone per hour (depending on relative humidity); thus
approximately overall 1gram of ozone per hour was produced.
The ozone/air mixture flowed from each ozone generator, through
tubing and was released into the disinfection tank via an AS150
6-inch fine pore with % inch barb ceramic aerator (diffuser)
(Pentair Aquatic Eco-Systems, Apopka, FL, USA). Aerators
were positioned at the bottom of the disinfection tank so that air/
ozone bubbled up through the 1,000L water tank. A covered vent
at the top of the disinfection tank released air/ozone to prevent
pressure build-up within the tank. The ozone tubing was Teflon®
and the ozonation tank was PVC because these are considered
relatively resistant to oxidation by ozone.

Electrical supply and controls. Initially, the ozonation system
and pumps were powered by 240V AC current from electrical
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Figure 4. Ozone generators in the utility housing.

outlets. Between Trial 5 and Trial 6, the solarization of the sys-
tem was completed and from that point forward, the entire system
operated exclusively on solar power. Two photovoltaic solar
systems, each with its own modules (solar panels) were in
place. To power the water treatment system, four roof-mounted
270W Polycrystalline Solar Modules (Yingli Solar) fed cur-
rent to a Champion 200Ah 12V Sealed Solar Battery. An OPTI
SC-PWM 60A 12/24V DC Charge Controller prevents the pho-
tovoltaic panels from overcharging battery. An Opti SP Effecto
2000 Hybrid Inverter (Input: 24VDC, Output: 230VAC/50Hz)
was used to convert the stored voltage to AC to power pumps
in the treatment system and the ozone generators. A separate
solar-powered electrical system powered the Pedrollo PKm100
pump 1.1KW that moved water 164 meters from the River
Nyando to the treatment system with an elevation gain of
5 meters and a dynamic head of 20 meters. Ten 200W Topray
Solar Modules (Shenzhen Topray Solar Co) fed current through
a Dayliff 1.5Kw SV2 Sunverter Solar Controller. A Lorentz
Pv Disconnect Switch 1000VDC/40A, a C/W earth rod and
lightening arrestor were also installed.

Procedures

Water sampling. Water samples were collected in 120mL IDEXX
sampling bottles, which were autoclaved between rounds of
sampling. Water samples were collected from a minimum of two
sampling ports: river water before it entered the settling tank
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and from the ozonation tank at 0, 60, 120, 180 and 240 minutes.
In three trials, water was also sampled between the balance
tank and the sand filter, and again, between the activated carbon
filter and the ozonation tank. Water samples were transported
within 3-5 hours of collection in a cooler on ice to the Safe
Water & AIDS Project (SWAP) laboratory in Kisumu, Kenya.

Water analysis. Turbidity was measured at the SWAP labo-
ratory in Kisumu using the LaMotte 2020we (Chestertown,
MD, USA) turbidity meter, which was calibrated daily up to
1,000 NTU. Concentrations of total coliform bacteria and E. coli
were measured using the Colilert® (Laboratories, Westbrook,
ME, USA) defined substrate culture method, which quantifies
bacteria levels in units of MPN per 100mL. This method is
approved by the US Environmental Protection Agency for
drinking water testing purposes (USEPA, 2017). Surface water
samples were generally, but not always, diluted with 25mL
added to 75mL of distilled water and incubated for 24 hours
at 35°C. Water samples collected elsewhere in the treatment
process were not diluted. The upper limit of quantification of
bacteria for undiluted water samples in 2,419.7 MPN/100mL;
with the 25mL + 75mL dilution, the upper limit is 9,678.8
MPN/100mL. Generally, but not always, two separate laboratory
technicians independently read the Colilert results (number of
large and small positive wells).

Time and place of the trails. Data from all trials conducted
once the system became operational in September 2019 through
to April 2020 are reported here. The decentralized water
treatment system was constructed at the site of a defunct
water kiosk (0°10°19.7’S 34°55°21.6”E) that had been oper-
ated by SWAP in the town of Ahero, in Kisumu County, Kenya.
The urban center of Ahero is located 22 km east of the city of
Kisumu and has a population of 11,801 (Kenya National Bureau
of Statistics, 2019). The River Nyando flows through the
center of Ahero.
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Independent laboratory analyses. Between Trials 4 and 5,
the Water Resources Authority, and separately, the Kenya
Bureau of Standards independently analyzed water samples
and evaluated whether the finished water met World Health
Organization (WHO) and Kenya’s Drinking Water Standards.

Data analysis. Turbidity, total coliform, and E. coli measures
for each stage in the treatment process were analyzed for nor-
mality using the Kolmogorov-Smirnov test. Bacteria levels
were not distributed normally and are summarized as the
median and interquartile range (25%"-75" percentile). Log reduc-
tion values (LRV) of bacteria were calculated as loglO(raw
water  concentration)-loglO(ozonated ~ water  concentration).
Because logl0 of zero is not defined, a concentration of 0.1
MPN/100mL was used in the calculation of LRV no E. coli
were detected in a sample. Data were analyzed using MS Excel
and SAS version 9.4 (SAS Institute, Cary, N.C.,USA).

Metals analysis. While the disinfection system was undergo-
ing initial testing (before Trial 1 was conducted) aluminum,
manganese and iron were tested. Finished water samples
were analyzed using the HACH Model DR 3900 Laboratory
Spectrophotometer. Reagents and methods used were HACH
method 8012 for aluminum, Method 8034 for manganese, and
FerroVer® for iron.

Results

Once the decentralized system was built and tested, nine trails
were conducted to evaluate system performance. Table |
describes water quality, as measured by bacteria concentra-
tion and turbidity, at baseline (raw water), after flocculation and
filtration (ozonation t=0), and following ozonation at several
timepoints out to t=240 minutes. It is clear that substantial reduc-
tions in E. coli, total coliforms, and turbidity occurred, mainly as
a result of flocculation and filtration. Table 2 presents LRV
for E. coli showing median LRV reductions of approximately

Table 1. Water quality at baseline (raw water), after filtration and flocculation (ozonation T=0), and during ozonation.
MPN, most probable number; NTU, nephelometric turbidity units; T, duration of ozonation, in minutes.

Total coliforms median

E. coli median MPN/100mL

Water N (25th-75th Percentile)
2,419.7
Raw 34 (2,419.7,2,419.7)
10.9
Ozonation T=0 46 (3,67.7)
2.1
Ozonation T=60 30 (1,17.1)
1
Ozonation T=120 46 (0, 8.6)
0
Ozonation T=180 46 0, 1)

1

Ozonation T=240 11 0, 1)

Turbidity median

MPN/100mL (NTU)
(25t"-75th Percentile) N (25t-75th Percentile)
2,419.7 283.3
(2,419.7,2,419.7) 31 (201.7, 863.5)
1016.9 3.8
(94.1, 2419.7) 44 (2.2,4.7)
227.4 2.8
(14.4,2419.7) 29 (2.3,4.2)
25.05 34
(4.1, 1553.1) 44 (2.4, 4.5)
4.6 3.2
(0, 235.9) 41 (2.1,4.4)
2.0 2.7
(1,39.5) 13 (2.0, 4.2)
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Table 2. Log removal values of E. coli and total coliforms, by treatment step. N =46.

Indicator bacteria

Flocculation and filtration

Total coliforms

Flocculation, filtration, ozonation

Flocculation and filtration

E. coli

Flocculation, filtration, ozonation

3.8 Sensitivity analysis was conducted of the E. coli LRV, in
which 0.5 rather than 0.1 was used as the E. coli concentration
for calculating LRV in cases of non-detects. The median
E. coli LRV using that more conservative approach was 3.38.

Independent laboratory testing

The Kenya Bureau of Standards analyzed finished water from
the decentralized system and reported that E. coli and coliform
concentrations were reported as O colony forming units/100mL.
The Water Resources Authority tested River Nyando water
and found that turbidity was >1,000 NTU (WHO and Kenyan
standard: <5 NTU). E. coli and coliform bacteria were “too
numerous to count.” Finished water met WHO and Kenyan
drinking water standards: turbidity was 4.5 NTU, and
0 CFU/100mL of E. coli and coliforms were detected.

Metals analysis of finished water (prior to Trial 1) showed
concentrations of metals that were well within Kenyan Drink-
ing Water Standards: aluminum: 0.01mg/L, iron 0.005 mg/L,
and manganese 0.7 mg/L.

Discussion

We observed nearly 4-log orders of E. coli removal using the
decentralized, solar powered water disinfection system. The
use of solar energy for drinking water treatment has been
promoted, in part because regions of the world with little access
to safe drinking water tend be in equatorial regions, where
sunlight is plentiful (Chu er al, 2019; Pichel er al., 2019). To
the best of our knowledge, this is the first report of a decentral-
ized drinking water treatment system that uses ozone disin-
fection.The water treatment system was able to consistently
process extremely turbid water with high levels of fecal indicator
bacteria, and to produce 1,000 L of water with turbidity levels
and E. coli levels that met WHO drinking water guideline values
(WHO, 2017). WHO’s Technology Non-Specific Harmonized
Testing Protocol established performance standards for POU
methods (World Health Organization, 2014). The evalua-
tion process should assess performance with “pre-treatment”
concentration of bacteria of 100,000/100mL and turbidity is set
at 40+10 NTU. In our ‘real-world’ setting, the water sample dilu-
tion method resulted in a maximal measurable bacterial concen-
tration of 9,682.8. Thus, the observed LRVs likely underestimate

Treatment step

Ozonation for 180 minutes

Ozonation for 180 minutes

Log reduction values
Median (25th-75t Percentile)

0.60 (0.23-1.64)
1.21(0.71-2.29)
2.95(1.24-3.73)
2.25(1.57-3.10)
0.93(0.12-2.49)
3.69 7(3.19- 4.57)

actual LRVs. The extremely high pre-treatment water turbidity
exceeded by a wide margin WHO test protocol requirements.

It should be noted that very large reductions in turbidity and
fecal indicator bacteria took place prior to ozonation. Although
bacterial concentrations decreased substantially, viruses may
persist following filtration, and a disinfection step should further
decrease concentrations of viruses. We have demonstrated
previously that ozonation eliminated coliphage viruses from
sewage samples (Dorevitch er al., 2020), though chlorination
is certainly effective in reducing viruses (WHO, 2017). Crypt-
osporidium spp. oocysts are relatively chlorine-resistant (WHO,
2017), though they are reduced significantly by ozonation
(Donofrio er al., 2013). Thus, the ozonation step follow-
ing filtration in the system we evaluated should have reduced
waterborne virus and Cryptosporidium spp. concentrations.
Though chlorination following filtration would also be expected
to reduce bacterial and viral concentrations as a disinfection
step, the taste of chlorinated water is often unacceptable in
low- and middle-income communities (Roma er al., 2014,
Rosa & Clasen, 2017; Rothstein et al., 2015). By contrast, in
a small study of POU ozonation in Kenya, we found the taste of
the finished water to be acceptable (Dorevitch et al., 2020).

Ozone disinfection has been largely limited to Europe and
North America, in part because of the high costs of construct-
ing and powering centralized ozone generation on a large scale
(Loeb er al., 2012; Mundy et al., 2018). A disadvantage of
ozonation is that, unlike chlorination, it does not leave a residual
level of a disinfectant in treated water. For that reason, educa-
tion about safe water storage, such as the use of improved vessel
containers with tap, lid and narrow neck, will be important
when providing disinfected drinking water from the Ahero
system. Ozonation of bromide can produce bromates
(von Gunten, 2003; Yang et al., 2019), which are possible carcino-
gens (IARC, 1999). For that reason, ozonation of groundwater
should be done only after ensuring that bromide is not present.

The role of all-solar decentralized ozonation systems in the
global effort toward achieving UN Sustainable Development Goal
target 6.1 (safe and accessible drinking water for all by 2030)
remains to be determined. Membrane filtration methods have
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been the focus of decentralized water treatment studies (Francis
et al., 2016; Huttinger et al., 2015; Sima et al., 2012). Before sys-
tems, such as the one we described, could be widely deployed,
research will be needed to determine the relative effective-
ness, costs, impacts on health, and community acceptance of the
ozonation and membrane filtration. By operating the system
on solar power, this approach does not release particulate mat-
ter, carbon monoxide, and other air pollutants. This addresses
concerns that arise when water treatment and air quality are not
considered jointly (Clasen & Smith, 2019).

The cost of materials and construction was approximately
$24,000, though several tanks and kiosk structures were avail-
able at the defunct site when work began. Though in the trials
reported here we treated 1,000L per day, two treatment cycles
per day can be run, doubling output to 2,000 L with only a mar-
ginal increase in cost (primarily the time of the system operator
and the cost of alum). The ozonation units are modular, and
with several ozonation tanks, each linked to larger ozone genera-
tors, the cost per cubic meter of water produced can be decreased
substantially. By assembling ozone generators and other system
elements in Kenya, costs would decrease further. If future
sites like this are developed, systems can be simplified, bring-
ing down costs. Two modifications we intend to make are the
elimination of the “balance tank” and directing ozone exhaust
from the disinfection tank back to the settling tank for water
pre-treatment.

The findings of this research are subject to several limitations.
The number of trials was relatively small, and they took place
over a six-month period. It is possible that system perform-
ance will decrease over longer time periods. The dilution of raw
water samples was 25mL in 75mL of distilled water, and
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dilution was only done in the first four trials, limiting the
upper limit of bacterial quantification. As a result, the reported
LRVs likely under-estimate actual system performance. The
research did include measures of ozone concentration in the
disinfection process, though this has been measured dur-
ing smaller scale laboratory trials, with concentrations of
0.28-0.40ppm (Dorevitch ef al., 2020). This research did not
address community perspectives. However, the earlier work
of POU ozonation (without turbidity reduction) found the
taste of the water — but not the cloudiness of the water — to be
acceptable.

Conclusion

Based on the substantial reduction in enteric bacteria and turbid-
ity, we conclude that a solar-powered decentralized water system
with microplasma ozone generating units can effectively treat
highly contaminated surface waters. We believe this approach
has several favorable features: 1) it is entirely solar-powered,
2) it is scalable, 3) it is effective in treating highly turbid water,
4) it is relatively simple to operate with training, and 5) the
capital costs are small compared to those of a centralized
treatment system. Further research will be needed to optimize
this approach and characterize its limits.
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Harvard Dataverse: Decentralized solar-powered drinking
water ozonation in Western Kenya: An evaluation of disinfection
efficacy, https://dataverse.harvard.edu/dataset.xhtml?persistentld=
doi:10.7910/DVN/0SD71Q (Dorevitch, 2020).

Data are available under the terms of the Creative Commons
Zero “No rights reserved” data waiver (CCO 1.0 Public domain
dedication).

Chu C, Ryberg EC, Loeb SK, et al.: Water Disinfection in Rural Areas Demands
Unconventional Solar Technologies. Acc Chem Res. 2019; 52(5): 1187-1195.
PubMed Abstract | Publisher Full Text

Clasen T, Smith KR: Let the “A” in WASH Stand for Air: Integrating Research
and Interventions to Improve Household Air Pollution (HAP) and Water,
Sanitation and Hygiene (WaSH) in Low-Income Settings. Environ Health
Perspect. 2019; 127(2): 25001.

PubMed Abstract | Publisher Full Text | Free Full Text

Clasen TF, Alexander KT, Sinclair D, et al.: Interventions to improve water
quality for preventing diarrhoea. Cochrane Database Syst Rev. 2015; 2015(10):
CD004794.

PubMed Abstract | Publisher Full Text | Free Full Text

Donofrio RS, Aridi S, Saha R, et al.: Laboratory validation of an ozone device
for recreational water treatment. / Water Health. 2013; 11(2): 267-76.
PubMed Abstract | Publisher Full Text

Dorevitch S: Decentralized solar-powered drinking water ozonation in
Western Kenya: An evaluation of disinfection efficacy. Harvard Dataverse,
V1. 2020.

http://www.doi.org/10.7910/DVN/1FYFQ6

Dorevitch S, Anderson K, Shrestha A, et al.: Solar Powered Microplasma-
Generated Ozone: Assessment of a Novel Point-of-Use Drinking Water
Treatment Method. IntJ Environ Res Public Health. 2020; 17(6): 1858.
PubMed Abstract | Publisher Full Text | Free Full Text

Francis MR, Sarkar R, Roy S, et al.: Effectiveness of Membrane Filtration to
Improve Drinking Water: A Quasi-Experimental Study From Rural Southern

India. AmJ Trop Med Hyg. 2016; 95(5): 1192-1200.
PubMed Abstract | Publisher Full Text | Free Full Text

Healy MG, Burke P, Rodgers M, et al.: The use of laboratory sand, soil and
crushed-glass filter columns for polishing domestic-strength synthetic
wastewater that has undergone secondary treatment. / Environ Sci Health A
Tox Hazard Subst Environ Eng. 2010; 45(12): 1635-41.

PubMed Abstract | Publisher Full Text

Huttinger A, Dreibelbis R, Roha K, et al.: Evaluation of Membrane
Ultrafiltration and Residual Chlorination as a Decentralized Water
Treatment Strategy for Ten Rural Healthcare Facilities in Rwanda. Int
Environ Res Public Health. 2015; 12(10): 13602-13623.

PubMed Abstract | Publisher Full Text | Free Full Text

IARC (International Agency for Research on Cancer): Some Chemicals that
Cause Tumours of the Kidney or Urinary Bladder in Rodents and Some
Other Substances. JARC Monographs on the Evaluation of Carcinogenic Risks to
Humans. 1999.

Reference Source

Institute for Health Metrics and Evaluation (IHME): GBD Compare, Seattle, WA
IHME. University of Washington, 2015; (Accessed 13 May, 2020).

Reference Source

Kenya National Bureau Statistics: 2019 Kenya Population and Housing
Census Volume II: Distribution of Population by Administrative Units. 2019.
Reference Source

Kim MH, Cho JH, Park SJ, et al.: Modular and efficient ozone systems based
on massively parallel chemical processing in microchannel plasma arrays:

Page 8 of 19


https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/0SD71Q
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/0SD71Q
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://www.ncbi.nlm.nih.gov/pubmed/30943006
http://dx.doi.org/10.1021/acs.accounts.8b00578
http://www.ncbi.nlm.nih.gov/pubmed/30801220
http://dx.doi.org/10.1289/EHP4752
http://www.ncbi.nlm.nih.gov/pmc/articles/6752941
http://www.ncbi.nlm.nih.gov/pubmed/26488938
http://dx.doi.org/10.1002/14651858.CD004794.pub3
http://www.ncbi.nlm.nih.gov/pmc/articles/4625648
http://www.ncbi.nlm.nih.gov/pubmed/23708574
http://dx.doi.org/10.2166/wh.2013.198
http://www.doi.org/10.7910/DVN/1FYFQ6
http://www.ncbi.nlm.nih.gov/pubmed/32182999
http://dx.doi.org/10.3390/ijerph17061858
http://www.ncbi.nlm.nih.gov/pmc/articles/7175310
http://www.ncbi.nlm.nih.gov/pubmed/27601525
http://dx.doi.org/10.4269/ajtmh.15-0675
http://www.ncbi.nlm.nih.gov/pmc/articles/5094238
http://www.ncbi.nlm.nih.gov/pubmed/20730656
http://dx.doi.org/10.1080/10934529.2010.506130
http://www.ncbi.nlm.nih.gov/pubmed/26516883
http://dx.doi.org/10.3390/ijerph121013602
http://www.ncbi.nlm.nih.gov/pmc/articles/4627051
https://www.ncbi.nlm.nih.gov/books/NBK402050/
http://vizhub.healthdata.org/gbd-compare
http://dc.sourceafrica.net/documents/119746-2019-Kenya-Population-and-Housing-Census-Volume.html

performance and commercialization. Eur Phys J-Spec Top. 2017; 226(13):
2923-2944.
Publisher Full Text

Loeb BL, Thompson CM, Drago J, et al.: Worldwide Ozone Capacity for
Treatment of Drinking Water and Wastewater: A Review. Ozone-Sci Eng.
2012; 34(1): 64-77.

Publisher Full Text

Mundy B, Kuhnel B, Hunter G, et al.: A Review of Ozone Systems Costs for
Municipal Applications. Report by the Municipal Committee - IOA Pan
American Group. Ozone-5Sci Eng. 2018; 40(4): 266-274.

Publisher Full Text

Peter-Varbanets M, Zurbriigg C, Swartz C, et al.: Decentralized systems for
potable water and the potential of membrane technology. Water Res. 2009;
43(2): 245-65.

PubMed Abstract | Publisher Full Text

Pichel N, Vivar M, Fuentes M: The Problem of Drinking Water Access: A
Review of Disinfection Technologies With an Emphasis on Solar Treatment
Methods. Chemosphere. 2019; 218: 1014-1030.

PubMed Abstract | Publisher Full Text

Plappally A, Lienhard JHV: Costs for water supply, treatment, end-use and
reclamation. Desalin Water Treat. 2013; 51(1-3): 200-232.
Publisher Full Text

Preston K, Lantagne D, Kotlarz N, et al.: Turbidity and chlorine demand
reduction using alum and moringa flocculation before household
chlorination in developing countries. / Water Health. 2010; 8(1): 60-70.
PubMed Abstract | Publisher Full Text

Roma E, Bond T, Jeffrey P: Factors Involved in Sustained Use of Point-of-Use
Water Disinfection Methods: A Field Study From Flores Island, Indonesia.
| Water Health. 2014; 12(3): 573-583.

PubMed Abstract | Publisher Full Text

Rosa G, Clasen T: Consistency of Use and Effectiveness of Household Water
Treatment Among Indian Households Claiming to Treat Their Water. Am J
Trop Med Hyg. 2017; 97(1): 259-270.

PubMed Abstract | Publisher Full Text | Free Full Text

Rothstein JD, Leontsini E, Olortegui MP, et al.: Determinants of Caregivers’ Use

Gates Open Research 2020, 4:56 Last updated: 27 NOV 2020

and Adoption of Household Water Chlorination: A Qualitative Study with
Peri-urban Communities in the Peruvian Amazon. Am J Trop Med Hyg. 2015;
93(3): 626-635.

PubMed Abstract | Publisher Full Text | Free Full Text

Sima LC, Desai MM, McCarty KM, et al.: Relationship Between Use of Water
from Community-Scale Water Treatment Refill Kiosks and Childhood
Diarrhea in Jakarta. Am J Trop Med Hyg. 2012; 87(6): 979-984.

PubMed Abstract | Publisher Full Text | Free Full Text

Sima LC, Elimelech M: More than a drop in the bucket: decentralized
membrane-based drinking water refill stations in southeast Asia. Environ
Sci Technol. 2013; 47(14): 7580-7588.

PubMed Abstract | Publisher Full Text

Simek M, Clupek M: Efficiency of ozone production by pulsed positive
corona discharge in synthetic air. / Phys D Appl Phys. 2002; 35(11): 1171-1175.
Publisher Full Text

UNICEF and World Health Organization: Progress on household drinking
water, sanitation and hygiene 2000-2017: Special focus on inequalities.
2019. New York.

Reference Source

USEPA: Analytical Methods Approved for Compliance Monitoring under the
Long Term 2 Enhanced Surface Water Treatment Rule. 2017.

Reference Source

von Gunten U: Ozonation of drinking water: Part II. Disinfection and by-
product formation in presence of bromide, iodide or chlorine. Water Res.
2003; 37(7): 1469-1487.

PubMed Abstract | Publisher Full Text

WHO: Guidelines for drinking-water quality: Fourth edition incorporating
the first addendum. 2017.

Reference Source

World Health Organization: WHO International Scheme to Evaluate
Household Water Treatment Technologies. Geneva, Switzerland. 2014.
Reference Source

Yang J, Dong Z, Jiang C, et al.: An overview of bromate formation in chemical
oxidation processes: Occurrence, mechanism, influencing factors, risk
assessment, and control strategies. Chemosphere. 2019; 237: 124521.
PubMed Abstract | Publisher Full Text

Page 9 of 19


http://dx.doi.org/10.1140/epjst/e2016-60355-8
http://dx.doi.org/10.1080/01919512.2012.640251
http://dx.doi.org/10.1080/01919512.2018.1467187
http://www.ncbi.nlm.nih.gov/pubmed/19010511
http://dx.doi.org/10.1016/j.watres.2008.10.030
http://www.ncbi.nlm.nih.gov/pubmed/30609481
http://dx.doi.org/10.1016/j.chemosphere.2018.11.205
http://dx.doi.org/10.1080/19443994.2012.708996
http://www.ncbi.nlm.nih.gov/pubmed/20009248
http://dx.doi.org/10.2166/wh.2009.210
http://www.ncbi.nlm.nih.gov/pubmed/25252361
http://dx.doi.org/10.2166/wh.2014.109
http://www.ncbi.nlm.nih.gov/pubmed/28719314
http://dx.doi.org/10.4269/ajtmh.16-0428
http://www.ncbi.nlm.nih.gov/pmc/articles/5508886
http://www.ncbi.nlm.nih.gov/pubmed/26175028
http://dx.doi.org/10.4269/ajtmh.14-0654
http://www.ncbi.nlm.nih.gov/pmc/articles/4559710
http://www.ncbi.nlm.nih.gov/pubmed/23128290
http://dx.doi.org/10.4269/ajtmh.2012.12-0224
http://www.ncbi.nlm.nih.gov/pmc/articles/3516100
http://www.ncbi.nlm.nih.gov/pubmed/23725533
http://dx.doi.org/10.1021/es304384n
http://dx.doi.org/10.1088/0022-3727/35/11/311
https://www.who.int/water_sanitation_health/publications/jmp-report-2019/en/
https://19january2017snapshot.epa.gov/sites/production/files/2015-09/documents/methods_lt2.pdf
http://www.ncbi.nlm.nih.gov/pubmed/12600375
http://dx.doi.org/10.1016/S0043-1354(02)00458-X
https://www.who.int/water_sanitation_health/publications/drinking-water-quality-guidelines-4-including-1st-addendum/en/
https://www.who.int/water_sanitation_health/water-quality/household/scheme-household-water-treatment/en/
http://www.ncbi.nlm.nih.gov/pubmed/31408797
http://dx.doi.org/10.1016/j.chemosphere.2019.124521

G a te S O p e n Re Sea rC h Gates Open Research 2020, 4:56 Last updated: 27 NOV 2020

Open Peer Review

Current Peer Review Status: ¢ ¢

Reviewer Report 27 November 2020

https://doi.org/10.21956/gatesopenres.14404.r29817

© 2020 Nakada L. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Liane Nakada
School of Civil Engineering, Architecture and Urban Design - Department of Environment and
Sanitation, University of Campinas, Sdo Paulo, Brazil

The authors revised the manuscript according to the reviewers' comments. Furthermore, more
trials were included in this second version.

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: My research interests are focused on water treatment, giardia inactivation,
ozonation, solar-driven disinfection, and rainwater harvesting.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 05 November 2020

https://doi.org/10.21956/gatesopenres.14404.r29816

© 2020 Brighu U et al. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Urmila Brighu

Department of Civil Engineering, Malaviya National Institute of Technology Jaipur, Jaipur,
Rajasthan, India

Ashish Tambi

Department of Environmental Sciences, IIS (Deemed to be University), Jaipur, Rajasthan, India

We have gone through the revisions and found them to be appropriate.

Page 10 of 19


https://doi.org/10.21956/gatesopenres.14404.r29817
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-9733-4805
https://doi.org/10.21956/gatesopenres.14404.r29816
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

G a te S O p e n Re Sea rC h Gates Open Research 2020, 4:56 Last updated: 27 NOV 2020

Competing Interests: No competing interests were disclosed.

We confirm that we have read this submission and believe that we have an appropriate level
of expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 26 October 2020

https://doi.org/10.21956/gatesopenres.14404.r29815

© 2020 Sahilu G. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

v Geremew Sahilu
Addis Ababa Institute of Technology, Addis Ababa University, Addis Ababa, Ethiopia

I have gone through the revised version and hereby changed the status to Approved based on the
following modifications:
1. Increased number of trials;

2. Dimensions incase it is required for replication and;

3. Explanation why ozonation after coagulation and filtration while these have changed
turbidity and fecal indicators level significantly.

Competing Interests: No competing interests were disclosed.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 10 September 2020

https://doi.org/10.21956/gatesopenres.14326.r29432

© 2020 Brighu U et al. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

x Urmila Brighu
Department of Civil Engineering, Malaviya National Institute of Technology Jaipur, Jaipur,
Rajasthan, India

Page 11 of 19


https://doi.org/10.21956/gatesopenres.14404.r29815
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.21956/gatesopenres.14326.r29432
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

G a te S O p e n Re Sea rC h Gates Open Research 2020, 4:56 Last updated: 27 NOV 2020

Ashish Tambi
Department of Environmental Sciences, IIS (Deemed to be University), Jaipur, Rajasthan, India

1.

The primary goal of this research is to evaluate the efficiency of decentralized solar-
powered drinking water treatment using Ozone disinfection. Ozonation as a disinfectant
practice is well established and documented. It was not very clear as to what the whole
paper is about or what is the novelty when the reliability of ozone production affecting the
dosing and retention times (CT) in the context of decentralized solar powered ozonator
were not discussed. Also, as shown in Table 1, the pre-ozonation treatment (flocculation
process) has already reduced the E.coli concentration to zero and therefore, the effect of
ozonation is not clear.

. The water treatment system defined in the text is not matching with the flow chart in Figure

1. “Following ozonation (described next), the water flows through the So-Safe Triple
Multibody 10" Filter (8 bar) with an activated carbon and two sediment cartridges.”

. It was not very clear as to why turbidity should increase after ozonation as indicated in

Table 1.

. “However, because we have demonstrated significant reduction in viral indicators using

ozone, and because the taste of the finished water has been found to be very good by
users, we intend to continue using ozone as the disinfection method (Dorevitch et al., 2020)"
Could not access the above reference.

. The methods used in this study are not presented clearly.

. Brief description of trials including the ozone dosage and sampling points in Table no. 2

would further help in understanding the actual log reductions of total coliforms and E.coli..

. The number of trials is less (only 9) which is not sufficient enough for detailed assessment of

the performance of the system.

. Since ozone as a disinfectant has a major disadvantage of not leaving any residual

disinfectant to guard against the possible contamination during storage, a detailed cost
analysis and its comparison with other methods like UV disinfection including arrangements
for residual disinfectant and chlorination method can further improve this manuscript
especially when it is proposed for rural settings.

Is the work clearly and accurately presented and does it cite the current literature?

Yes

Is the study design appropriate and is the work technically sound?

Partly

Are sufficient details of methods and analysis provided to allow replication by others?

No

If applicable, is the statistical analysis and its interpretation appropriate?
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No

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Water Supply, Water and Sanitation, Waste Water Treatment

We confirm that we have read this submission and believe that we have an appropriate level
of expertise to state that we do not consider it to be of an acceptable scientific standard, for
reasons outlined above.

Samuel Dorevitch, University of Illinois at Chicago, Chicago, USA

The authors wish to thank Prof. Brighu for the very helpful feedback. Responses to those
comments follow.

1. The primary goal of this research is to evaluate the efficiency of decentralized solar-
powered drinking water treatment using Ozone disinfection. Ozonation as a
disinfectant practice is well established and documented.

We agree with Prof. Brighu that ozonation is certainly well-established and documented.
However, the ozonation of drinking water and wastewater is conducted in large, centralized,
treatment facilities, and generally produced using 100% oxygen or dehumidified air. We are
aware of no prior studies of the production, on-site, of ozone using ambient air, nor are we
aware of studies of decentralized water disinfection using solar power. We have revised the
end of the ‘Introduction’ section to better convey the novelty of the way that ozone is
generated and used.

2. It was not very clear as to what the whole paper is about or what is the novelty
when the reliability of ozone production affecting the dosing and retention times (CT)
in the context of decentralized solar powered ozonator were not discussed. Also, as
shown in Table 1, the pre-ozonation treatment (flocculation process) has already
reduced the E.coli concentration to zero and therefore, the effect of ozonation is not
clear.

We did not measure aqueous ozone in Kenya. We have previously reported that in the
laboratory in the US, we did measure concentrations of aqueous ozone (0.28-0.40ppm)
produced using the (microplasma, small scale) process. This has been added to the last
paragraph of the Discussion section.

3. The water treatment system defined in the text is not matching with the flow chart
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in Figure 1. “Following ozonation (described next), the water flows through the So-Safe
Triple Multibody 10" Filter (8 bar) with an activated carbon and two sediment
cartridges.”

Thank you for pointing this out. Figure 1 in Version 2 of the manuscript includes the post-
ozonation filters.

4. It was not very clear as to why turbidity should increase after ozonation as
indicated in Table 1.

In version 1 of the manuscript, only 4 measurements of turbidity at t=240 minutes were
available. In version 2, with a much larger number of observations, no increase in turbidity
over time is apparent.

5. “However, because we have demonstrated significant reduction in viral indicators
using ozone, and because the taste of the finished water has been found to be very
good by users, we intend to continue using ozone as the disinfection method (
Dorevitch et al., 2020)" Could not access the above reference.

A link to the above-reference publication has been added to the list of citations.

6. The methods used in this study are not presented clearly.

We have revised the ‘Methods’ section with the aim of improving clarity.

7. Brief description of trials including the ozone dosage and sampling points in Table
no. 2 would further help in understanding the actual log reductions of total coliforms
and E.coli..

Table 2 now makes clear that LRVs are based on initial (raw) water and final (post-ozonation
but pre-final filtration) measurements. As noted, ozone concentrations were not measured
in this study. We note in the Methods section that each ozone generator produced
approximately 0.25gm ozone/hour, so that the four ozone generators operating
simultaneously produced approximately 1g ozone/hours.

8. The number of trials is less (only 9) which is not sufficient enough for detailed
assessment of the performance of the system.

Since the time that Version 1 of the paper was submitted, we have conducted 38 additional
trials. The results of all 47 trials are summarized in Version 2 of the manuscript, and the
data from those trials have been uploaded to the Harvard Dataverse.

9. Since ozone as a disinfectant has a major disadvantage of not leaving any residual
disinfectant to guard against the possible contamination during storage, a detailed
cost analysis and its comparison with other methods like UV disinfection including
arrangements for residual disinfectant and chlorination method can further improve
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this manuscript especially when it is proposed for rural settings.

We note in the Discussion section that the absence of a residual disinfectant is a
disadvantage of ozonation. However, ozonation also has advantages relative to
chlorination, such as efficacy against Cryptosporidium oocysts and the lack of a ‘chemical
taste’ in the finished water. This is also noted in “Discussion.”

Competing Interests: No competing interests were disclosed.
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© 2020 Nakada L. This is an open access peer review report distributed under the terms of the Creative
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? Liane Nakada

School of Civil Engineering, Architecture and Urban Design - Department of Environment and
Sanitation, University of Campinas, Sdo Paulo, Brazil

This manuscript describes an interesting point-of-use drinking water treatment system using
solar-powered ozonation. Please find below my suggestions to improve the overall quality of the
manuscript:
> Itis |mportant to provide detailed information regarding the treatment system:
Why 935 g aluminum sulfate?

> What is the final concentration of aluminum sulfate in mg/L considering raw water
flow?
gm is not correct, the correct form is g (international system of units).

o Why glass media? Why not sand? The reasons may include efficiency, backwashing,
and cost.

> Turbidity of harvested rainwater is not always low. Please consider a first flush device if
treating rainwater.

Nine different trials were conducted. A summary of these trials indicating ozone dosage
(mg/L), sampling points, and analyzed parameters would facilitate reading.

> Table 1 is confusing. It would be better to present the results by trial, and not by sampling
point.

» The main conclusion is focused on the reduction of enteric bacteria following ozonation,
however, the results show that E.coli standard is achieved following flocculation, therefore,
credit should not be granted to ozonation.
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Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: My research interests are focused on water treatment, giardia inactivation,
ozonation, solar-driven disinfection, and rainwater harvesting.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Author Response 01 Oct 2020
Samuel Dorevitch, University of Illinois at Chicago, Chicago, USA

Many thanks to Professor Nakada for the constructive comments, which have been
addressed in the revised manuscript (Version 2).

The reference and rationale for the alum dose been added to the first paragraph of the
Methods section.

The concentration of alum was not measured in the treatment process, though as noted at
the end of the "Results" section, in initial trials, aluminum concentrations in finished water
were 0.01mg/L.

The following rationale and a reference for the use of glass media for filtration has been
added to the 'Methods" section:

Glass media is generally less costly than sand and in a laboratory evaluation of sand and
glass filtration, was found to provide more rapid filtration without a loss of efficacy (Healy et
al., 2010).

In that paragraph, we no longer refer to rainwater as 'low turbidity.'
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The abbreviation 'g' has replaced 'gm' throughout the manuscript.

We agree with the reviewer that flocculation and filtration (without disinfection) certainly
did reduce E. coli concentrations substantially. The second paragraph of the 'Discussion’
section in Version 2 of the manuscript now reads:

It should be noted that very large reductions in turbidity and fecal indicator bacteria took
place prior to ozonation. Although bacterial concentrations decreased substantially, viruses
may persist following filtration, and a disinfection step should further decrease
concentrations of viruses. We have demonstrated previously that ozonation eliminated
coliphage viruses from sewage samples ( Dorevitch et al., 2020), though chlorination is
certainly effective in reducing viruses (WHO, 2017). Cryptosporidium spp. oocysts are
relatively chlorine-resistant (WHO, 2017), though they are reduced significantly by
ozonation (Donofrio et al., 2013). Thus, the ozonation step following filtration in the system
we evaluated should have reduced waterborne virus and Cryptosporidium spp.
concentrations. Though chlorination following filtration would also be expected to reduce
bacterial and viral concentrations as a disinfection step, the taste of chlorinated water is
often unacceptable in low- and middle-income communities (Roma et al., 2014; Rosa &
Clasen, 2017; Rothstein et al., 2015 ). By contrast, in a small study of POU ozonation in
Kenya, we found the taste of the finished water to be acceptable ( Dorevitch et al., 2020).

The reviewer pointed out the need to clarify information in Tables 1 and 2.

The solar-powered treatment system has continued operation in the months since Version
1 of the manuscript was submitted and data are available from 47, rather than 9 trials. We
believe that Tables 1 and 2, which include data from those trials, are clearer.

Competing Interests: No competing interests were disclosed.
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© 2020 Sahilu G. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

?

Geremew Sahilu
Addis Ababa Institute of Technology, Addis Ababa University, Addis Ababa, Ethiopia

In general the research shows the application of solar powered decentralized water treatment
utilizing ozone. However, the method is not clearly presented since there are no clear dimensions
except volumes. This makes it difficult to replicate. Pre-ozone treatments have already achieved
the requirement for E. coli and turbidity hence it is not clear what the effect of ozone treatment is.
Moreover general information such as specific cost of treatment per cubic meter is not presented
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to compare it with other methods.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
No

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: My area of research is water supply, water treatment, sanitation, urban
drainage in general water supply and sanitation thematic areas.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Author Response 01 Oct 2020
Samuel Dorevitch, University of Illinois at Chicago, Chicago, USA

Many thanks to Professor G. Sahilu for the helpful feedback.

Regarding system specifications: we added dimensions of the system to the first paragraph
of the "Methods" section, which contains details regarding treatment times, alum dosing,
and the product/manufacturer information of system components. We did not measure
aqueous ozone concentrations, which is noted as a limitation of the study.

We agree that the coagulation, flocculation, and filtration steps resulted in dramatic
improvements in water quality before the ozonation step. The second paragraph of the
"Discussion" section now notes the following:

It should be noted that very large reductions in turbidity and fecal indicator bacteria took
place prior to ozonation. Although bacterial concentrations decreased substantially, viruses
may persist following filtration, and a disinfection step should further decrease
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concentrations of viruses. We have demonstrated previously that ozonation eliminated
coliphage viruses from sewage samples ( Dorevitch et al., 2020), though chlorination is
certainly effective in reducing viruses (WHO, 2017). Cryptosporidium spp. oocysts are
relatively chlorine-resistant (WHO, 2017), though they are reduced significantly by
ozonation (Donofrio et al., 2013). Thus, the ozonation step following filtration in the system
we evaluated should have reduced waterborne virus and Cryptosporidium spp.
concentrations. Though chlorination following filtration would also be expected to reduce
bacterial and viral concentrations as a disinfection step, the taste of chlorinated water is
often unacceptable in low- and middle-income communities (Roma et al., 2014; Rosa &
Clasen, 2017; Rothstein et al., 2015 ). By contrast, in a small study of POU ozonation in
Kenya, we found the taste of the finished water to be acceptable ( Dorevitch et al., 2020).
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