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Abstract

In early 2019, Mozambique was struck by two cyclones, Cyclone Idai in Sofala
Province and Cyclone Kenneth in Cabo Delgado Province. Outbreaks of chol-
era were declared soon after both cyclones in Beira and Pemba cities. In re-
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sponse to the emergencies and outbreaks, government and humanitarian part-
ners collaborated to create a mobile phone based water quality monitoring
program to monitor daily free residual chlorine (FRC) levels in the piped net-
work in both locations and at accommodation centers created for internally
displaced persons in Beira. Overall, 87% of the 1080 samples from the piped
network in Beira had detectable FRC and at accommodation centers, 73% of
the 179 samples collected had detectable FRC. In Pemba, 64% of the 114 total
samples collected had detectable FRC. Data from the water quality monitoring
programs allowed for the identification of trends that helped increase the ef-
fectiveness of the response, including identifying areas where chlorination
could be strengthened with the installation of booster chlorinators, issues with
the consistency of daily chlorine treatment, and sites where water availability
was limited. The water quality monitoring activities were a result of productive
collaboration and could be replicated after similar emergencies in cholera
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endemic areas to prevent and control outbreaks.
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1. Introduction

Providing access to safe drinking water is critical during humanitarian emergen-
cies and outbreaks of waterborne diseases such as cholera [1] [2]. Chlorination of
drinking water supplies is a commonly utilized method to provide safe water due
to the cost-effectiveness, efficacy in inactivating bacterial and viral pathogens,
ability to provide residual protection, and ease of monitoring by testing for free re-
sidual chlorine (FRC) [3]. During outbreaks and emergencies, the recommended
FRC level for drinking water is 0.5 mg/L at the point-of-use, 1.0 mg/L at tapstands,
and 2.0 mg/L at water trucks during filling [4]. Routine monitoring of FRC levels
is essential to ensure the continued provision of safe water [5].

Mozambique was struck by two destructive cyclones within six weeks of each
other, Cyclone Idai and Cyclone Kenneth. Cyclone Idai made landfall over Mozam-
bique’s city of Beira, Sofala Province, on March 15%, 2019. It is estimated that in
Sofala province, 387,165 persons were affected and that 78,432 internally dis-
placed persons were forced to seek shelter in accommodation centers that were
created by government and humanitarian partners as temporary housing for dis-
placed persons [6]. The piped water network servicing Beira and neighboring
Dondo (hereafter referred to as the Beira system) was severely impacted by the
cyclone; and water provision was halted for approximately one week. Humanitar-
ian partners supported the water utility, by restoring the power supply to the water
treatment plant, fixing network infrastructure, installing emergency water treat-
ment units, trucking water to affected areas, and providing water treatment chem-
icals. Cholera is endemic to Sofala province, and an outbreak was declared soon
after the cyclone on March 27%. The Ministry of Health reported the total number
of cholera cases in the province from the outbreak to be 6739 [7].

On April 25%, Cyclone Kenneth made landfall on the northernmost coast of Cabo
Delgado province in Mozambique. Estimates suggest that a total of 254,750 people
were affected by the cyclone and 3180 people were displaced and in accommodation
centers. An outbreak of cholera was declared on May 2™ in Pemba city and a total
of 284 cases of cholera were reported in Cabo Delgado Province [8].

The water utility in Mozambique, Fundo de Investimento e Patriménio do
Abastecimento de Agua (FIPAG), estimated that the Beira piped network system
provides water for 60% of the population with over 60,000 connections and 240
community tapstands. Routine water quality monitoring of the piped networks in

Beira was affected and limited immediately following Cyclone Idai. Thus, it was
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paramount to restart water quality monitoring activities following the cyclone and
the cholera outbreak. In response to the emergency and outbreak, the Autoridade
Reguladora de Agua (AURA), the government sanctioned water quality regula-
tory authority, proposed to scale-up their water quality monitoring to conduct
daily monitoring with support from the Sofala Provincial Health Department, Di-
rec¢do Provincial de Satide (DPS). The objective of the emergency water quality
monitoring program was to ensure that drinking water supplies serving Beira met
the minimum water quality standards during a cholera outbreak. AURA and DPS
proposed to monitor both piped network water as well as water trucked and piped
into the accommodation centers created after the cyclone. The US Centers for
Disease Control and Prevention (CDC) and the United Nations Children’s Fund
(UNICEF) supported this effort with the development of a mobile phone-based
water quality monitoring and reporting program.

Based on the success of the program in Beira, soon after Cyclone Kenneth
landed in Pemba, a similar water quality monitoring program was implemented
in Pemba where FIPAG estimated the piped network provided 30% of the popu-
lation its drinking water. Our report details the water quality monitoring pro-
grams implemented in Beira and Pemba and highlights the programs’ ability to
collect timely water quality data to improve chlorination through the piped net-
work and at accommodation centers during both humanitarian and cholera out-

break responses.

2. Methods

To ensure that drinking water provided through the piped network and at the ac-
commodation centers met the minimum standard recommended during a cholera
outbreak, FRC, was the priority water quality parameter included in the program.
In Beira, FRC was tested using the N,N-diethyl-phenylenediamine (DPD) colori-
metric method with Water-1.D. comparators (Eggenstein, Germany). In Pemba,
FRC was tested using DPD colorimetric method with a Hach chlorine color disc kit
(Colorado, United States). One type of kit was used in each location to ensure com-
parability of results over time for Beira and Pemba respectively. Trainings were con-
ducted at the start of the monitoring programs to ensure technicians were comfort-
able with the water testing kits. In Beira and Dondo, at the start of the program, 41
sentinel sampling points in the piped water network were included. These points
were in strategic locations, including near the water treatment plant and before and
after piped network distribution centers where chlorine boosting occurred. CRA se-
lected these sentinel points with FIPAG the water utility to ensure their suitability
for monitoring the piped network. In addition, sampling points were established in
all open accommodation centers in Beira and Dondo. In Pemba, 30 sentinel points
in the piped network were included at similar locations, such as near the water treat-
ment plant and before and after chlorine boosting sites. However, in Pemba, the
piped network only supplied water to specific areas of the city each day, on a rota-

tional basis, meaning that water was available in different areas of the city depending
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on the day of the week. Thus points in Pemba were monitored only when water was
reported to be available by FIPAG.

AURA and DPS hired enumerators for this activity. CDC created a mobile data
collection survey form for this activity using the data collection platform, ONA
(Nairobi, Kenya), and the form was housed on UNICEF’s ONA server. CDC
trained all technician/enumerators and supervisors on mobile data collection us-
ing ONA on Android phones. Following the training, data was collected and
shared daily with all partners involved to inform the utility’s water treatment pro-
cesses. In addition, the data was analyzed and mapped three times per week and
shared with all national cholera taskforce members in addition to the partners
involved with this program. Spatial results were produced using Quantum GIS
(QGIS) software version 2.18. After three weeks of initial data analysis and map-
ping in Beira, AURA and DPS were trained on reporting, mapping, and sharing
data. In Pemba, AURA was trained after one week of data collection. Additional

data analysis and visualization was conducted using R Studio version 1.1.423 [9].

3. Results

Water quality monitoring data was collected and analyzed daily and summarized
three times per week both quantitatively and spatially. This information was sent
to all emergency collaborators on this project; and AURA, DPS, and FIPAG met
regularly to discuss results and plan remediation strategies based on results. Water
quality monitoring data from Beira will be described separately from data col-

lected from Pemba.

3.1. Beira

In Beira, water quality monitoring data collection began on May 4%, 2019. An ex-
ample figure presented to partners is shown in Figure 1. Overall, between May 4
and June 14%, 87% of the 1080 samples collected from the 41 sampling points on
the piped network, had FRC > 0.1 mg/L and 46% of the samples were in the rec-
ommended FRC range: 0.5 - 1.0 mg/L. From the accommodation centers, 73% of
the 177 samples collected had detectable FRC and 39% of the samples were in the
recommended range. The median FRC seen in the piped network was 0.4 mg/L,
and the range was from 0.0 mg/L - 1.9 mg/L. The median FRC observed in the
accommodation centers was 0.3 mg/L and the range was 0.0 mg/L - 1.0 mg/L.
Table 1 includes a weekly summary of all data collected between May 4™ to June
14* from the piped network and accommodation centers in Beira.

The daily distribution of FRC levels detected in samples collected from the
piped network is presented in Figure 2. Daily FRC levels in the piped network in
Beira remained relatively consistent during the week, with lower FRC detected
over weekends; 78% of weekend samples had detectable FRC versus 87% of week-
day samples. At accommodation centers, 131 samples were tested from tanks filled
by water trucks, 47 from new piped network points created at accommodation

centers, and 6 from unspecified sources. The quality of water delivered by truck
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improved over time, however in those samples tested from the piped network that
was extended to the accommodation centers, FRC levels remained low throughout
the testing period; 26% of piped water samples had detectable FRC versus 90% of
trucked water samples. The weekly distribution of FRC levels detected in accom-

modation centers is presented in Figure 3 by water source.

Table 1. Free residual chlorine (FRC) data collected from the water quality monitoring program in Beira from May 4% to
June 14%, 2019.

Water Number of Number of Number of Number of Number of
. Total .
Location & Week Visits Available for Samples (%) Samples (%) Samples (%) Samples (%) Samples (%)
Sampling <0.lmg/L 0.1-02mg/L 02-05mg/L 0.5-1.0mg/L >1.0mg/L
Piped Network
‘pe Totilwor 1189 1080 (91%) 142 (13%) 126 (12%) 316 (29%) 495 (46%) 1 (0.01%)
Week 1 208 199 (96%) 18 (9%) 27 (14%) 70 (35%) 84 (42%) 0 (0%)
Week 2 221 173 (78%) 18 (10%) 24 (14%) 48 (28%) 83 (48%) 0 (0%)
Week 3 207 184 (89%) 17 (9%) 13 (7%) 58 (32%) 96 (52%) 0 (0%)
Week 4 201 177(88%) 43 (24%) 16 (9%) 48 (27%) 69 (39%) 1 (1%)
Week 5 172 161 (94%) 18 (11%) 26 (16%) 48 (30%) 69 (43%) 0 (0%)
Week 6 180 173 (96%) 28 (16%) 20 (12%) 44 (25%) 81 (47%) 0 (0%)
Accommodation
184 177 (96%) 47 (27%) 16 (9%) 45 (25%) 69 (39%) 0 (0%)
Centers Total

Week 1 37 37 (100%) 4 (11%) 3 (8%) 20 (54%) 10 (27%) 0 (0%)
Week 2 34 31 (91%) 10 (32%) 3 (10%) 10 (32%) 8 (26%) 0 (0%)
Week 3 30 30 (100%) 9 (30%) 3 (10%) 6 (20%) 12 (40%) 0 (0%)
Week 4 29 28 (97%) 9 (32%) 4 (14%) 4 (14%) 11 (39%) 0 (0%)
Week 5 27 25 (93%) 9 (36%) 3 (12%) 3 (12%) 10 (40%) 0 (0%)
Week 6 27 26 (96%) 6 (23%) 0 (0%) 2 (8%) 18 (69%) 0 (0%)

Available
Total | for
5/7/2019 | Visits | Sampling

Centers

Legend

Accommodation Centers FRC
A <0.1 mg/L

A 0.1-<0.2mg/L
A 0.2-<0.5mg/L
A 05-1.0mg/L
A >1.0mg/L
Piped Network FRC

@ <0.1 mg/L

0 0.-<0.2mg/L
O 0.2-<0.5mg/L
® 0.5-1.0mg/L

® >1.0mg/L
[ Barrios
— Rede de abastecimento FIPAG
OpenStreetMap
5 0 5| 10 15 20 km

*Rede de Abastecimento means piped network in English.

Figure 1. Example daily water quality monitoring report by AURA, DPS, UNICEF, and
CDC shows summary and spatial distribution of FRC in Beira on May 7%, 2019.
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FRC

B

B os-10men
0.2~<0.5 mg/L
0.1~<0.2 mg/L

. <0.1 mg/L

Count

*dates in blue are weekend dates.

Figure 2. Free residual chlorine levels detected in the piped network by day and week in
Beira, Mozambique.

5

Piped network I | Water trucking |
25+
" I
FRC
- 0.5~1.0 mg/L
0.2~<0.5 mg/L
0.1~<0.2 mg/L
17 B <01mgr

o-. .

Week

Figure 3. Free Residual Chlorine levels detected in accommodation centers by week and by

water source in Beira, Mozambique.

3.2. Pemba

In Pemba, water quality monitoring data collection began on May 30". Figure 4
is an example daily water quality monitoring report shared with partners in
Pemba. Overall, from May 30" to June 20, a total of 174 visits were made to the
30 sampling points selected on the piped network, and of these, 114 (66%) had
water available at time of the visit; 64% of the 114 total samples collected had FRC
>0.1 mg/L and 25% were within the recommended FRC range: 0.5 - 1.0 mg/L. The
median FRC seen in the piped network was 0.2 mg/L and the range was 0.0 - 3.0
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mg/L. Table 2 includes a weekly summary of all data collected between May 30

to June 29™ in Pemba. Week 4 and 5 results are combined due to data collection

stopping soon after the start of week 5.

Nao Aplicavel

Total
6/5/2019 Visits.

Water
Available
for

Legend
Piped Network FRC
® <0.1mg/L
0.1- < 0.2 mg/L
0.2- < 0.5 mg/L
® 0.5-1.0mg/L
® >1.0mg/L
Water Availiability
X no water availiable
Piped Network
[ Bairros
OpenStreetMap

Figure 4. Example of a water quality monitoring daily report in Pemba. Summary of sam-
ples with free residual chlorine (FRC) testing data. Categories listed by FRC levels (mg/L).
Map shows the spatial distribution of FRC in Pemba on June 5%, 2019.

Table 2. Free residual chlorine data collected from the Pemba piped network from May 30™ to June 29

Location

Piped

Network 174

Total
Week 1
Week 2
Week 3

Week 4 - 5

(]
Visits

95
37
21
21

Water

Available for

Sampling

114 (66%)

59 (62%)
23 (62%)
17 (81%)
15 (71%)

Number of
Samples (%)
<0.1 mg/L

41 (36%)

19 (32%)
7 (30%)
7 (41%)
8 (53%)

Number of
Number of
Sample (%) Samples (%)
0.1-02  ampies
0.2 - 0.5 mg/L

mg/L

0 (0%) 31 (27%)

0 (0%) 11 (19%)

0 (0%) 9 (39%)

0 (0%) 5 (29%)

0 (0%) 6 (40%)

Number of Number of
Samples (%) Samples (%)
0.5-1.0 mg/L >1.0 mg/L
28 (25%) 14 (12%)
16 (27%) 13 (22%)
6 (26%) 1 (4%)
5 (29%) 0 (0%)
1 (7%) 0 (0%)

4. Discussion

During a cholera outbreak, it is essential to provide safe water to at-risk popula-

tions as quickly as possible [1] [3]. In urban and peri-urban areas, existing piped

networks may reach a significant proportion of the affected population; however,

the quality of water can vary due to the length of the distribution network, inter-

mittent flow, and breaks in the system [10] [11]. Water quality monitoring can

help utilities manage their dosing to ensure that consistent chlorine levels are

found at all parts of the network. Ensuring the quality of piped water may also be

important in gaining the population’s trust in order to encourage use [12]. Setting
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up timely monitoring systems can be challenging during an outbreak or following
a natural disaster. The monitoring systems set up in two cities of Mozambique
demonstrate how rapid and simple water quality monitoring systems can be suc-
cessfully mobilized in the early days of an emergency response. In Beira, 87% of
the 1080 samples collected from the piped network had detectable FRC and 46%
of the samples were in the recommended range. In Pemba, 64% of the 114 total
samples collected had detectable FRC and 25% were within the recommended
range. Daily water quality monitoring in Beira and regular water quality monitor-
ing in Pemba were successfully integrated into the cyclone and cholera outbreak
responses developed after cyclones Idai and Kenneth. This successful implemen-
tation illustrates that community-level chlorination improvements and water
quality monitoring systems can be rapidly made and set-up to ensure adequately
treated water is reaching affected communities.

Recent systematic reviews of water, sanitation, and hygiene (WASH) responses
during cholera outbreaks and emergencies have highlighted that water quality in-
terventions implemented during outbreaks and emergencies, particularly at the
centralized level, such as those involving piped networks, have not been well-doc-
umented [2] [3] [13] [14]. Our work demonstrates that water quality monitoring
programs can be implemented quickly and effectively during an outbreak. The use
of mobile phones for data collection ensured data was quickly collected and ana-
lyzed for action. There was some added cost to the program with the purchase of
phones and mobile data, however rapid data collection and collation provided ac-
tionable information quickly. The emergency water quality monitoring programs
also allowed for the identification of several trends that helped the government
and partners increase the effectiveness of the WASH response. First, the data iden-
tified areas in the piped network where FRC was consistently low and could be
improved with the installation of booster chlorination stations. Certain points in
the network, closely following distribution centers where boosting occurred, con-
sistently had acceptable levels of FRC, whereas other areas, further away from
these distribution centers had consistently low levels. The mapping and analysis
of the water quality data allowed FIPAG, AURA, and DPS to identify sections
where additional booster points could be added to the piped network. Second,
inconsistent FRC data over time helped FIPAG identify areas with potential line
breaks in the network that needed to be repaired. Third, the irregularity of FRC
levels detected at certain points in the network highlighted issues with the con-
sistency of daily treatment. In Beira, 78% of weekend samples had detectable FRC
versus 87% of weekday samples. Staffing over the weekends was lower at piped
network treatment stations, and the lower FRC levels detected over weekend days
in the monitoring data allowed the utility to adjust weekend staffing and treat-
ment. Fourth, regular data collection documented challenges with maintaining
water quality levels in water tanks at accommodation centers. Accommodation
centers received water from both the piped network and from water trucks that
collected from boreholes and treated water during truck filling. At accommoda-

tion centers, the data identified gaps in the chlorination of piped water. Low FRC
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levels observed from the piped network may be because new connections were
made to the network further away from distribution centers where chlorine boost-
ing occurred. Fifth, in Pemba, water was often not available at the time of visit in
locations that were scheduled by FIPAG to have water that day, which helped to
identify locations that were not receiving water when scheduled. This also resulted
in a reduced number of data points in Pemba.

Distribution of household water treatment products is common during out-
breaks and has been shown to improve the microbiological quality of water
when paired with appropriate training and follow-up by community health
workers, to ensure that households understand the methods of treatment and
when to use products [3] [13] [15]-[18]. However, it can take time for water
treatment behavior change to occur at the household level and adherence to
treatment has been documented to be challenging [19]-[21]. Household moni-
toring visits are often used to reinforce messaging, as households may choose
not to use the tablets or use the incorrect dose [22] [23]. During the responses
in Beira and Pemba, centralized chlorination of the pipe network was priori-
tized, and after the monitoring system was established, household water treat-
ment products were provided to households that did not use the piped water
supply. The advantages of this approach were that chlorinated water was pro-
vided to a larger population in a shorter amount of time and the limited house-
hold water treatment supplies could be prioritized for distribution in areas with-
out access to the piped network. In addition, this approach allowed for a more
efficient and simplified monitoring system where only sampling points on the
piped network and at accommodation centers needed to be visited and more
resource intensive household visits could be reserved for households that did
not have access to the piped water supply. However, if this strategy is utilized, it
is essential to continue to regularly monitor the piped supply to ensure that the
water is treated and at an appropriate dose.

The following characteristics allowed the water quality monitoring programs in
Beira and Pemba to be quickly established. First, partners were given access to
already developed spatial maps of the piped networks to identify key points in the
distribution network to include for sampling. Second, upon inception of the pro-
gram, partners quickly agreed to use FRC as the primary parameter for monitor-
ing with the understanding that the number of parameters could be expanded
later. Lasty, mobile phone data collection methods allowed for the timely collec-
tion and dissemination of water quality data.

As part of this program, AURA, DPS, and FIPAG established weekly meetings
where issues in the piped network could be addressed which allowed for collabo-
ration between the three groups. As monitoring data stabilized, and FRC was de-
tected at recommended levels at the majority of points in the monitoring system,
a smaller number of points were prioritized once the water quality monitoring
program was ready to transition from daily monitoring visits to visits twice a
week. The water quality monitoring was a result of productive collaboration be-
tween government partners, FIPAG, CDC, UNICEF, the WASH Cluster and
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highlights the importance of coordination among agencies and building capacity
at the provincial level. These activities could be reactivated in the event of a new
emergency in Mozambique or replicated in similar emergencies in cholera en-

demic areas to prevent or control outbreaks.

5. Limitations

There were several limitations to this work. First, in both programs not all moni-
toring points were visited daily due to occasional staffing issues. Second, in
Pemba, limited water availability meant that on certain days, water could not be
sampled in parts of the piped network. Third, as accommodation centers opened
and closed in Beira the number included in the program changed, making com-
parability at accommodation centers in some areas challenging. Fourth, chlorine
readings from the chlorine test kits are based on a color comparator and individ-
uals may interpret the color change differently. Supervision visits were included

to ensure reliability of the data collected.

6. Conclusion

The results from this program indicate that water quality monitoring programs
can be rapidly implemented in response to a humanitarian emergency and cholera
outbreak to ensure safe water is reaching targeted populations. The water quality
monitoring programs established after Cyclones Idai and Kenneth were a result
of productive collaboration between government partners, CDC, UNICEF, and
the WASH Cluster. Similar water quality monitoring activities could be replicated
in other settings to improve chlorination through piped water systems in cholera
endemic areas to prevent or control outbreaks. Use of mobile phones for data col-
lection allows for the timely collation and dissemination of actionable water mon-

itoring quality data.

Acknowledgements

We would like to acknowledge the significant contributions of AURA, DPS,
FIPAG, UNICEF Mozambique, CDC Mozambique, and the water quality sam-
pling teams in Beira and Pemba whose support and expertise made this activity
possible. In addition, we would like to acknowledge Dr. Alfredo Vergara and Su-

zanne Theroux for their support of this project from CDC Mozambique.

Disclaimer

The findings and conclusions in this report are those of the authors and do not
necessarily represent the official position of the US Centers for Disease Control
and Prevention.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this paper.

DOI: 10.4236/jwarp.2025.172006

105 Journal of Water Resource and Protection


https://doi.org/10.4236/jwarp.2025.172006

A. Rajasingham et al.

References

(1]

(2]

(3]

(4]

(5]

(6]
(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

Connolly, M.A., Gayer, M., Ryan, M.]., Salama, P., Spiegel, P. and Heymann, D.L.
(2004) Communicable Diseases in Complex Emergencies: Impact and Challenges.
The Lancet, 364, 1974-1983. https://doi.org/10.1016/s0140-6736(04)17481-3

Taylor, D.L., Kahawita, T.M., Cairncross, S. and Ensink, J.H.J. (2015) The Impact of
Water, Sanitation and Hygiene Interventions to Control Cholera: A Systematic Re-
view. PLOS ONE, 10, e0135676. https://doi.org/10.1371/journal.pone.0135676

Ariel Branz, A.B., Matthew Levine, M.L,, Lilian Lehmann, L.L., Andy Bastable, A.B.,
Syed Imran Ali, S.I.A., Khalid Kadir, K.K., et al. (2017) Chlorination of Drinking Wa-
ter in Emergencies: A Review of Knowledge to Develop Recommendations for Im-
plementation and Research Needed. Waterlines, 36, 4-39.
https://doi.org/10.3362/1756-3488.2017.002

World Health Organization (1993) Guidelines for Cholera Control.
https://iris.who.int/handle/10665/36837

World Health Organization (2017) Guidelines for Drinking-Water Quality (4th Edi-
tion). World Health Organization.
https://apps.who.int/iris/bitstream/handle/10665/254637/9789241549950-
eng.pdf?sequence=1

INGC (2019) Sofala Province SITREP April 23, 2019.
World Health Organization (2019) WHO AFRO Outbreaks and Other Emergencies,
Week 21: 20-26 May 2019; Data as Reported by 17:00; 26 May 2019.

https://reliefweb.int/report/mozambique/who-afro-outbreaks-and-other-emergen-
cies-week-21-20-26-may-2019-data-reported-1700

World Health Organization (2019) WHO AFRO Outbreaks and Other Emergencies,
Week 27: 1-7 July 2019; Data as Reported by 17:00; 7 July 2019.
https://reliefweb.int/report/democratic-republic-congo/who-afro-outbreaks-and-
other-emergencies-week-27-1-7-july-2019-data

RStudio Team (2015) RStudio: Integrated Development for R. RStudio, Inc.
https://www.rstudtio.com/

Elala, D., Labhasetwar, P. and Tyrrel, S.F. (2011) Deterioration in Water Quality from
Supply Chain to Household and Appropriate Storage in the Context of Intermittent
Water Supplies. Water Supply, 11, 400-408. https://doi.org/10.2166/ws.2011.064
Kumpel, E. and Nelson, K.L. (2013) Comparing Microbial Water Quality in an Inter-
mittent and Continuous Piped Water Supply. Water Research, 47, 5176-5188.
https://doi.org/10.1016/j.watres.2013.05.058

Doria, M.D.F., Pidgeon, N. and Hunter, P.R. (2009) Perceptions of Drinking Water

Quality and Risk and Its Effect on Behaviour: A Cross-National Study. Science of the
Total Environment, 407, 5455-5464. https://doi.org/10.1016/j.scitotenv.2009.06.031

Ramesh, A., Blanchet, K., Ensink, J.H.J. and Roberts, B. (2015) Evidence on the Ef-
fectiveness of Water, Sanitation, and Hygiene (WASH) Interventions on Health Out-
comes in Humanitarian Crises: A Systematic Review. PLOS ONE, 10, e0124688.
https://doi.org/10.1371/journal.pone.0124688

Travis Yates, T.Y., Jelena Allen Vujcic, J.A.V., Myriam Leandre Joseph, M.L.J., Karin
Gallandat, K.G. and Daniele Lantagne, D.L. (2018) Efficacy and Effectiveness of Wa-
ter, Sanitation, and Hygiene Interventions in Emergencies in Low- and Middle-In-

come Countries: A Systematic Review. Waterlines, 37, 31-65.
https://doi.org/10.3362/1756-3488.17-00016
Arnold, B.F. and Colford, .M. (2007) Treating Water with Chlorine at Point-of-Use

DOI: 10.4236/jwarp.2025.172006

106 Journal of Water Resource and Protection


https://doi.org/10.4236/jwarp.2025.172006
https://doi.org/10.1016/s0140-6736(04)17481-3
https://doi.org/10.1371/journal.pone.0135676
https://doi.org/10.3362/1756-3488.2017.002
https://iris.who.int/handle/10665/36837
https://apps.who.int/iris/bitstream/handle/10665/254637/9789241549950-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/254637/9789241549950-eng.pdf?sequence=1
https://reliefweb.int/report/mozambique/who-afro-outbreaks-and-other-emergencies-week-21-20-26-may-2019-data-reported-1700
https://reliefweb.int/report/mozambique/who-afro-outbreaks-and-other-emergencies-week-21-20-26-may-2019-data-reported-1700
https://reliefweb.int/report/democratic-republic-congo/who-afro-outbreaks-and-other-emergencies-week-27-1-7-july-2019-data
https://reliefweb.int/report/democratic-republic-congo/who-afro-outbreaks-and-other-emergencies-week-27-1-7-july-2019-data
https://www.rstudtio.com/
https://doi.org/10.2166/ws.2011.064
https://doi.org/10.1016/j.watres.2013.05.058
https://doi.org/10.1016/j.scitotenv.2009.06.031
https://doi.org/10.1371/journal.pone.0124688
https://doi.org/10.3362/1756-3488.17-00016

A. Rajasingham et al.

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

to Improve Water Quality and Reduce Child Diarrhea in Developing Countries: A
Systematic Review and Meta-Analysis. The American Journal of Tropical Medicine
and Hygiene, 76, 354-364. https://doi.org/10.4269/ajtmh.2007.76.354

Lantagne, D.S. and Clasen, T.F. (2012) Use of Household Water Treatment and Safe
Storage Methods in Acute Emergency Response: Case Study Results from Nepal, In-
donesia, Kenya, and Haiti. Environmental Science & Technology, 46, 11352-11360.
https://doi.org/10.1021/es301842u

Enger, K.S., Nelson, K.L., Rose, ].B. and Eisenberg, J.N.S. (2013) The Joint Effects of
Efficacy and Compliance: A Study of Household Water Treatment Effectiveness
against Childhood Diarrhea. Water Research, 47, 1181-1190.
https://doi.org/10.1016/j.watres.2012.11.034

Lantagne, D. and Yates, T. (2018) Household Water Treatment and Cholera Control.
The Journal of Infectious Diseases, 218, S147-S153.
https://doi.org/10.1093/infdis/jiy488

Luby, S.P., Agboatwalla, M., Hoekstra, R.M., Rahbar, M.H., Billhimer, W. and Kes-
wick, B.H. (2004) Delayed Effectiveness of Home-Based Interventions in Reducing
Childhood Diarrhea, Karachi, Pakistan. The American Journal of Tropical Medicine
and Hygiene, 71, 420-427. https://doi.org/10.4269/ajtmh.2004.71.420

Fewtrell, L., Kaufmann, R.B., Kay, D., Enanoria, W., Haller, L. and Colford, ]J.M.
(2005) Water, Sanitation, and Hygiene Interventions to Reduce Diarrhoea in Less

Developed Countries: A Systematic Review and Meta-Analysis. The Lancet Infectious
Diseases, 5, 42-52. https://doi.org/10.1016/s1473-3099(04)01253-8

Clasen, T., Schmidt, W., Rabie, T., Roberts, I. and Cairncross, S. (2007) Interventions
to Improve Water Quality for Preventing Diarrhoea: Systematic Review and Meta-
Analysis. BM]J, 334, 782. https://doi.org/10.1136/bmj.39118.489931.be

Clasen, T.F. (2009) Scaling up Household Water Treatment among Low-Income
Populations. World Health Organization.
http://www.wpro.who.int/vietnam/publications/scaling up hwts in low in-

come community.pdf

Parker Fiebelkorn, A., Person, B., Quick, R.E., Vindigni, S.M., Jhung, M., Bowen, A,
et al. (2012) Systematic Review of Behavior Change Research on Point-Of-Use Water
Treatment Interventions in Countries Categorized as Low- to Medium-Development
on the Human Development Index. Social Science & Medicine, 75, 622-633.
https://doi.org/10.1016/j.socscimed.2012.02.011

DOI: 10.4236/jwarp.2025.172006

107 Journal of Water Resource and Protection


https://doi.org/10.4236/jwarp.2025.172006
https://doi.org/10.4269/ajtmh.2007.76.354
https://doi.org/10.1021/es301842u
https://doi.org/10.1016/j.watres.2012.11.034
https://doi.org/10.1093/infdis/jiy488
https://doi.org/10.4269/ajtmh.2004.71.420
https://doi.org/10.1016/s1473-3099(04)01253-8
https://doi.org/10.1136/bmj.39118.489931.be
http://www.wpro.who.int/vietnam/publications/scaling_up_hwts_in_low_income_community.pdf
http://www.wpro.who.int/vietnam/publications/scaling_up_hwts_in_low_income_community.pdf
https://doi.org/10.1016/j.socscimed.2012.02.011

	Strengthening Water Quality Monitoring Following Cyclones Idai and Kenneth in Mozambique
	Abstract
	Keywords
	1. Introduction
	2. Methods
	3. Results
	3.1. Beira 
	3.2. Pemba

	4. Discussion
	5. Limitations
	6. Conclusion
	Acknowledgements
	Disclaimer
	Conflicts of Interest
	References

