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A B S T R A C T   

Chlorination has historically provided microbiologically safe drinking water in public water supplies. Likewise, 
chlorine has also been introduced as a low-cost disinfection method in rural and marginalized communities, both 
at community and household level, as well as during emergencies. Although this practice is common and well 
established for use as a household water treatment technology in the Global South, several challenges in effective 
and efficient implementation still need to be addressed. Here, we explored these issues by a literature review and 
narrowed them to the status of three Latin American countries (Mexico, Colombia, and Brazil). Overall, it was 
found that although guidance on household-based chlorination includes information on health risks and hygiene, 
this may not create enough incentive for the user to adapt the method satisfactorily. Physicochemical quality of 
the water influences chlorination efficiency and it is found that variations in quality are rarely considered when 
recommending chlorine doses during implementation. These are far more often based on a few measurements of 
turbidity, thereby not considering dissolved organic matter, or seasonal and day-to-day variations. Other factors 
such as user preferences, chlorine product quality and availability also represent potential barriers to the sus
tainable use of chlorination. For chlorination to become a sustainable household water treatment, more focus 
should therefore be given to local conditions prior to the intervention, as well as support and maintenance of 
behavioural changes during and after the intervention.   

1. Introduction 

Access to sufficient, safe, acceptable, and affordable water is 
considered as a human right and is an integral part of the sustainable 
development goals formulated by the United Nations (WHO and UNI
CEF, 2017). Although there has been an increasing focus on realising 
this human right, it remains that 2.1 billion people did not have access to 
safely managed drinking water in 2020. Instead, they rely on water 
sources, which are prone to contamination and/or located far from the 
households (WHO and UNICEF, 2020; WHO, 2021). Consumption of 
unsafe drinking water can cause significant health problems and 

mortality from enteric infections, particularly among children (Nguyen 
et al., 2021). Some of the most prevalent causes of mortality due to 
diarrhoeal diseases are pathogens such as rotavirus, Cryptosporidium, 
and Salmonella (GBD, 2018). They are mainly transmitted through the 
faecal-oral route and are associated with unsafe drinking water, poor 
sanitation, and hygiene (Clasen et al., 2007). 

Household water treatments (HWTs), where water is treated at the 
point of use, can be an important solution to help mitigate these prob
lems, especially when centralised solutions are not feasible due to e.g. 
the high cost, maintenance requirement, or where the households are 
not located in clusters. Although many different technologies exist that 
have the potential to provide safe drinking water, they are challenged by 
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a general low effectiveness and compliance under real conditions in the 
field (WHO, 2011). This represents an important gap in research since 
little is known about the actual circumstances under which the methods 
are performed. 

Chlorine has been used as a disinfectant since the early 1900s 
(USEPA, 1999), and in the Global South, it is the most common and 
cost-effective method at household level compared to filtration, solar 
disinfection, and combined flocculation/disinfection. Of these methods, 
only chlorination and combined flocculation/disinfection provides a 
residual disinfectant necessary to protect the water quality during 
storage in the households, where there is a risk of recontamination. 
Here, chlorination has the clear advantage over combined floccu
lation/disinfection in that it is cheaper and easier to perform (Clasen 
et al., 2007). 

At the household level, chlorination can be easily achieved by adding 
a certain dosage of household bleach, sodium hypochlorite (NaOCl) 
solution, and is one of the most accessible methods, since NaOCl is 
produced and sold widely. An alternative to NaOCl is sodium dichlor
oisocyanurate (NaDCC) tablets (NaCl2(NOC)3), sodium dichlor
oisocyanurate, which have the advantages of being more stable during 
storage, safer, and more convenient (Clasen and Edmondson, 2006; 
Lantagne et al., 2011). 

Chlorine when added to water in molecular or hypochlorite form 
undergoes hydrolysis to form aqueous molecular chlorine, hypochlorous 
acid and hypochlorite ion, which collectively are referred to as free 
chlorine (FC) (APHA et al., 2012). Both are antimicrobial agents, but 
HOCl is significantly more effective than OCl− (Tvrdá and Benko, 2020). 
Free chlorine is effective against a range of bacteria and viruses asso
ciated with contaminated drinking water but it is less effective against 
protozoa, especially at the concentration range acceptable for drinking 
water (CDC, 2014a; Mohamed et al., 2015). 

Although chlorination is a simple method for treating contaminated 
water, it faces several challenges for effective implementation, partic
ularly in rural settings. The aim of this review is to deeply revise and 
critically analyse the scientific and grey literature on chlorination in 
practice to identify the main challenges and research gaps related to 
household chlorination in rural settings, the real scenarios for household 
chlorination, promotion and deployment, compliance, effectiveness and 
sustainability in the field. Special attention is put into the main barriers 
and enablers identified for adequate implementation in the Global 
South. For this, supported case studies from selected countries in Latin 
America, namely Mexico, Colombia, and Brazil have also been 
discussed. 

2. Methodology 

A literature review on household chlorination in rural settings in the 
Global South as well as supporting general technical information was 
performed. More than 3500 manuscripts were identified based on the 
search terms which were reviewed for inclusion of the relevant key
words and combinations of them by checking titles and abstracts. Peer 
reviewed literature was identified by searching electronic databases of 
Scopus, Web of Science, and Google Scholar using the keywords outlined 
in Table 1. Duplicate documents, review papers and publications in 
other languages than English, Spanish, and Portuguese were excluded. 
Research articles unrelated to chlorination in the Global South, to rural 
areas or purely based in lab studies were also excluded. Similar criteria 
were used for searching for grey literature. Additionally, some papers 
were found via reference chaining and information from the authors, 
who represent academics, researchers, and practitioners. Four hundred 
and eight articles were selected and the abstract (and method if neces
sary) were checked. The selected papers was reduced to 202 articles 
which were read in full length and studies were included in the final list 
if they were relevant to the topic. 

3. Challenges with chlorination 

3.1. Source water quality – dosing and storage 

HWT systems must be robust in terms of their capability to treat 
water with variable microbial and physicochemical quality. When 
chlorine is added to water, it reacts with the organic material, metals, 
and other components, which render it unavailable for disinfection. The 
difference between the amount of added chlorine and the free residual 

Abbreviations 

AC activated carbon 
DBPs disinfection by-products 
CD chlorine demand 
CDC centre for diseases control 
CBHI community-based health insurance 
CHWs community health workers 
COFEPRIS Federal Commission for Protection against Health Risks 
DRC Democratic Republic of Congo 
E. coli Escherichia coli 
FC free Chlorine 
FRC free residual chlorine 
HAAs haloacetic acids 
HH households 
HWT household water treatment 
HWTS Household water treatment and storage 
INEGI Instituto Nacional de Estadística, Geografía e Informática 

(Mexico) 

LRV log reduction value 
NGO non-governmental organisation 
NOM natural organic matter 
PSI Population Service International 
RAS Reglamento Técnico para el Sector de Agua Potable y 

Saneamiento Básico (Colombia) 
SS safe storage 
SWS Safe Water System 
TC total coliforms 
THMs trihalomethanes 
TOC total organic carbon 
TTC thermotolerant coliforms 
TTHM total trihalomethanes 
UNICEF United Nations Children’s Fund 
USEPA U.S. Environmental Protection Agency 
WASEH water, sanitation, and education for health 
WASH water sanitation and hygiene 
WHO World Health Organisation 
WS water supply  

Table 1 
Review search keywords, selecting the combination as ((‘chlorination method 
keyword’) AND (‘water treatment keyword) AND (‘setting keyword’).  

Chlorination keyword Water treatment keyword Setting keyword 

disinfect* 
chlorin* 
hypochlorite 
“sodium 
dichloroisocyanurate" 
NaDCC bleach 

“drinking water” potable 
“water treat*" household 
HTW 
“household water 
treatment” “Safe water 
system" 
SWS 
“point-of-use” -POU 

rural 
communit* 
“field trial” 
intervention 
“field implementation" 
“developing countr*" 
LMIC 
“low and middle 
income country"  
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chlorine (FRC) after a given contact time is defined as the chlorine de
mand (CD). This CD depends on various parameters such as tempera
ture, pH, turbidity, and chemical composition of the water and the CD of 
a given water source is therefore prone to temporal variations (WHO, 
2019). This underlines the importance of a more thorough knowledge of 
the water quality on a larger time scale. In terms of chlorination in
terventions, few studies, as in Boisson et al. (2013) and Ercumen et al. 
(2015), have conducted pilot studies to determine the optimal chlorine 
dose based on the relationship between water quality and CD. In some 
cases, the measured water quality parameters are limited to a few 
measurements of e.g. Escherichia coli (E. coli) concentration (Mengistie 
et al., 2013) or FRC (Ercumen et al., 2015); but in most cases, no in
formation is given of the water quality and the dosage is typically based 
on the general recommendations of turbidity (Mohamed et al., 2015). 

Many studies find a correlation between the turbidity and the CD of 
the water (Levy et al., 2014; Mclaughlin et al., 2009; Mohamed et al., 
2015) and the latest recommendations by Wilhelm et al. (2018) for 
dosing, as seen in Table 2, are based on testing of a large range of water 
sources with varying turbidity values. The CD exerted by the turbidity is 
due to the reaction of chlorine with organic and inorganic compounds in 
the water, but since some of the natural organic matter present in water 
is dissolved and it is not reflected in the turbidity. This is rarely taken 
into consideration when deciding the chlorine dosage in an intervention. 

It is recognised by the WHO that chlorine dosing should be site- 
specific due to the varying CD, and therefore their recommendations 
are based on the maintenance of FRC concentrations as listed in Table 2. 
From a health perspective, the WHO further recommends that FRC 
should not exceed 5.0 mg/L at any time (WHO, 2011). 

The FRC concentrations of 0.2–0.5 mg/L are recommended to pro
tect the water from regrowth and recontamination during storage and 
usage, however bacterial regrowth has been observed at the recom
mended FRC levels within this range. Meierhofer et al. (2019) found that 
safe, chlorinated water from a water kiosk with a mean FRC of 0.39 
mg/L was not sufficient to maintain drinking water quality after 24 h of 
storage, when filled into uncleaned jerry cans and used in households in 
Kenyan households. The uncleaned jerry cans contributed to the exerted 
CD and reduced the FRC to a mean concentration of 0.19 mg/L. This fact 
provoked contamination at storage level, E. coli was detected in 15.2% 
of the household stored water after 24 h of storage and a higher chlorine 
dosage would have been required to maintain the FRC level in the water. 
This emphasizes the importance of using clean water storage containers 
to prevent depletion of FRC during storage. 

3.2. Pathogens, dose and contact time 

The efficiency of chlorination depends on dosage and contact time. A 
4-log inactivation of most waterborne pathogens have been shown at a 
dosage of a few mg/L and a 30–60 min contact time. However, several 
pathogens exhibit resistance to chlorination, influencing the required 
chlorine concentration and contact time necessary for sufficient inacti
vation (Clasen and Edmondson, 2006). Pathogens like the protist 
Cryptosporidium parvum, for instance, are highly resistant to conven
tional chlorination due to the production of resistant oocysts during 
their life cycle (Feng et al., 2021). At the household level, under less 
controlled conditions than in a water treatment plant, studies such as 
Mclaughlin et al. (2009) and Levy et al. (2014) have found the efficiency 

to be significantly reduced compared to laboratory testing, which is 
attributed to low user compliance, recontamination during storage, or 
high CD leading to insufficient disinfection and regrowth. 

Although chlorination is supported by leading organisations such as 
UNICEF (Mohamed et al., 2015), the ineffectiveness against some pro
tozoa means that chlorination products can only obtain a limited pro
tection (’1-star’ classification) as reflected in the Household Water 
Treatment Evaluation Scheme by the WHO (WHO, 2011). On this basis, 
WHO recommends that chlorination is only used in situations where the 
causative pathogens for disease are known or as part of a multi-barrier 
treatment approach (WHO, 2019). This is the case of chlorine used for 
emergency responses to cholera outbreaks (Patrick et al., 2013). The 
latter is outside the scope of this review. 

3.3. Chlorine stability 

Another issue that arises with chlorination is the quality of the 
disinfectant used (e.g. sodium hypochlorite solution, tablets, etc.). 
Lantagne et al. (2011) found that the stability of hypochlorite solutions 
from different production techniques (and different target concentra
tions and pH stabilization) were generally stable for up to 19 months 
unless exposed to direct sunlight, which reduces the concentration 
significantly. During normal use in households in Kenya, the stability of 
hypochlorite in 48 sampled bottles showed that 77% of the samples were 
within 20% of the initial concentration of 1.2% hypochlorite. About 
17% were 50% of the target concentration while 4% were only 20% of 
the targeted concentration. The hypochlorite was on average manufac
tured 433 days before the sampling was conducted. It is evident that if 
the product quality is poor either due to poor initial quality (i.e. inac
curate concentration) or as a result of instability and degradation over 
time, there is a risk of underdosing, especially if households do not use 
the product before the expiration date, which Lantagne et al. (2011) 
recommended as a minimum 1-year for 1.25% hypochlorite solution, 
given that the pH is above 11.9 and it is stored below 35 ◦C. 

3.4. Disinfection by-products 

During chlorination there is a risk of the formation of a wide range of 
disinfection by-products (DBPs), which can be harmful to human health 
and thereby give rise to concern. The formation occurs when chlorine 
reacts with organic matter present in the water and the type and amount 
of DBPs formed depends on factors such as the water quality, contact 
time, temperature, and pH (USEPA, 1999). However, research has 
shown that under field conditions, the DBP formation does not exceed 
the WHO guideline values with health significance in drinking water (e. 
g. bromodichloromethane – 60 μg/L, bromoform – 100 μg/L, dibromo
chloremethane – 100 μg/L, chloroform – 300 μg/L, dichloroacetate − 50 
μg/L, dichloroacetonitrile – 20 μg/L, bromate – 10 μg/L) (WHO, 2017), 
even when using highly turbid water (up to 888 NTU) (Lantagne et al., 
2008, 2010). Even so, the fear of DBP formation and the potential 
negative health effects may still pose an obstacle for a high user 
compliance. In centralised water supply (WS) systems, water quality 
monitoring is common to avoid such issue, but the presence of DBP 
precursors is not likely to be regularly tested in self-supplied commu
nities, which may pose an additional risk to this disinfection method and 
might be considered in future research. 

DBPs are present at sub-μg⋅L− 1 or low-to-mid-μg⋅ L− 1 levels in 
drinking water (Xiao et al., 2020). At household level DBPs can be 
controlled by limiting their production which can be challenged by 
reducing the natural organic matter (NOM) before disinfection or 
adopting safer disinfection methods (e.g., ferrate(VI)). When DBPs are 
produced, their removal must be in place, typically by activated carbon 
(AC) adsorption, after disinfection although the volatile DBPs can be 
eliminated using other household water treatments (Deng, 2021). 

According to a recent investigation on the efficiency of several HWTS 
– AC and membrane filtration, boiling, UV lamps, cold storage or a 

Table 2 
Recommendations for chlorine dosage and FRC for drinking water.  

Applied dose/FRC Concentration (mg/L) 

Dosage at low turbidity (<10 NTU) 1.88 (Wilhelm et al., 2018) 
Dosage at high turbidity (>10 NTU) 

(consumed within 8 h) 
3.75 (Wilhelm et al., 2018) 

FRC after 30 min >0.50 (WHO, 2011) 
FRC after 24 h >0.20 (WHO, 2011)  

A.M. Nielsen et al.                                                                                                                                                                                                                              



International Journal of Hygiene and Environmental Health 244 (2022) 114004

4

combination of them – for the removal of DBPs in drinking water 
resulted on a significant removal of trihalomethanes (THMs) and halo
acetic acids (HAAs) using all these HWTs except for storage. Their effi
cacy varied upon their purification mechanisms and depended on the 
chemical characteristic of the target DBPs (Xiao et al., 2020). It is also 
well recognised that pathogen removal should not be compromised in 
attempting to control DBPs, but also that more research is required on 
the trade-off between the chemical and microbiological risk during 
household treatment. 

3.5. Evaluation of household chlorination 

When dealing with chlorination, several indicators can be used to 
evaluate the outcome of an intervention. According to WHO and UNI
CEF (2012), these include the quality/presence of chlorine products in 
the household, FRC in the water, and improved water quality indicated 
by microbial indicators. FRC in the water can be an indicator of correct 
and consistent use as well as water safety and is therefore critical to 
monitor. 

Some research has been done on the evaluation of drinking water 
treatment programs. The evaluation can be based on metrics such as the 
reported use, confirmed use, and effective use as illustrated in Fig. 1. 
Often the reported use is higher than the confirmed use and effective use 
and reported use is prone to being biased e.g. if users are affected by 
their participation in the intervention. Therefore, using self-reporting 
alone as an evaluation tool will typically overestimate the actual use 
of an HWT (Gallandat and Lantagne, 2018). 

The lack of FRC in stored water does not necessarily mean that the 
HWT has not been performed by the user. It could also imply that the CD 
from raw water exceeded the applied dosage. This situation illustrates 
that different approaches are important to evaluate confirmed and 
effective use of the disinfectant. For instance, if there is no FRC, but a 
reduction in the pathogen threshold was found, this could indicate 
underdosing, an example of ineffective use. Incorrect use can be defined 
as either having too low or too high concentration of FRC. The latter will 
still provide safe drinking water, but it increases the risk of odour and 
taste issues. 

4. Promotion of chlorination in rural settings in the Global 
South 

In the 1990’s, the Safe Water System (SWS) was developed by Centre 
for Disease Control and Prevention (CDC) and the Pan American Health 
Organisation, which combined chlorination with safe storage and 

behavioural change communication to improve the practices of safe 
storage, sanitation and hygiene (CDC, 2014b). These principles are 
being promoted worldwide by various non-governmental organisations 
(NGOs) such as Population Service International (PSI) and CARE and 
introduces chlorination both as liquid NaOCl (i.e. WaterGuard) and 
NaDCC tablets (i.e. Aquatabs). 

Table 3 provides a summary of some intervention approaches and 
the key activities and outcomes related to these. The implementation 
strategies often combine collaboration with various stakeholders (e.g. 
governmental bodies, local leaders, and community health workers 
(CHWs)), training of local promoters, and education and information on 
topics such as water treatment, safe storage, hygiene, health, and causes 
of diarrhoea through personal interaction, community meetings and 
other activities in the communities as well as social marketing. These 
approaches built on creating acceptance as well as awareness of the 
products and health outcomes in communities, and in many cases result 
in an increased knowledge of the promoted products. Here, frequent 
household visits are often identified as a key factor in the uptake, where 
e.g. Wheeler and Agha (2013) observed that receiving household visits 
increased the likelihood of using and purchasing chlorine eight years 
after a WS and hygiene promotion campaign in Mozambique. However, 
these approaches do not always guarantee a high uptake of the treat
ment or consistent use as seen in Table 3. 

The strategies vary in their financial approach, where some 
distribute a free supply of products during the study period, while others 
incorporate partly subsidized products or local companies and sales 
agent to ensure affordable products and distribution. The latter may be 
more sustainable in terms of long-term product supply in communities 
since it is not dependent on outside funding and ensures cost recovery. 
The drawback is that it may unintentionally exclude poorer parts of 
populations who are unable to afford the products even if they are 
available at a low cost. This trend was observed by Freeman et al. 
(2009), who found that the proportion of households who had detect
able FRC in their stored water increased with increasing socioeconomic 
wealth and this was also associated with increasing awareness of chlo
rine products. The influence of cost was studied by Ritter et al. (2017) 
who showed higher purchase rates were associated with decreasing 
prices among rural Haitian households randomly assigned to five 
different prices of chlorine. Monthly household visits did not have a 
significant influence on the uptake at the two lowest prices nor at the 
highest price. At the low price, this indicates that some households do 
not need convincing to purchase, while others are unsusceptible to the 
promotional efforts. At the high price, household visits are not sufficient 
to overcome the price barrier. Similar price sensitivity was observed 

Fig. 1. Evaluation metrics for chlorination. Information from (Gallandat and Lantagne, 2018).  
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Table 3 
Summary of strategies, activities, and outcomes for implementation of chlori
nation in rural communities. Sûr’Eau and Klorin are local brands of liquid 
NaOCl.  

Country Implementation 
strategy 

Activities Outcome 

Rwanda ( 
Chankova 
et al., 2012) 

Implementation by 
PSI, the department 
for community- 
based health 
insurance (CBHI) 
scheme technical 
assistance at the 
Rwandan Ministry 
of Health and CBHI 
schemes in pilot 
districts. 
Training of 3,200 
CHW, CBHI 
managers and 
committee 
members to 
promote and 
distribute Sûr’Eau 
to households in 
more than 1,100 
villages. 
Training covered 
the technical 
aspects of 
household water 
treatment, 
management of 
Sûr’Eau stocks, and 
distribution and 
sales at the 
community level. 

Regular small 
group out-reach 
sessions to provide 
education on safe 
water and 
sanitation, as well 
as to promote and 
sell Sûr’Eau at the 
community level. 
Promotion of safe 
water practices in 
general and 
Sûr’Eau in 
particular directly 
to households, 
including through 
interpersonal 
communication 
conducted during 
home visits and at 
community 
gatherings. 
Talks on safe 
water, hygiene, 
and sanitation, and 
promotion of 
Sûr’Eau to patients 
waiting to be seen 
at health centers. 

After 18 months, 
the exposure to 
WASH (water 
sanitation and 
hygiene) messages 
was higher in the 
pilot districts 
compared to the 
control district. The 
knowledge of 
Sûr’Eau and its 
purpose increased 
by 10–35%-point 
among 
communities in 
pilot districts. 
In the pilot districts 
there was a 
decrease in the 
proportion of 
households that did 
not use any form of 
treatment of their 
drinking water, 
whereas this 
increased in the 
control district. 
At baseline, few 
households used 
any other 
treatment than 
boiling. After 18 
months, 60% 
reported using 
HWTs every time 
they collected 
water, although 
this was not in total 
agreement with 
answers later in the 
questionnaires. 

Madagascar ( 
Ram et al., 
2007) 

Implementation by 
CARE Madagascar 
who trained 
community-based 
sales agent in four 
villages trained on 
causes and 
prevention of 
diarrhoea, proper 
use of the SWS, and 
techniques for 
changing health 
behaviours. 

Sales agents 
conducted 
educational visits 
to neighbours to 
inform about the 
need for household 
water treatment 
and safe storage to 
prevent diarrhoea 
as well as to sell 
them Sûr’Eau and 
jerry cans with 
taps. 

After 16 months, 
99% of 242 
surveyed 
households had 
heard of Sûr’Eau, 
primarily through 
CARE or the 
community-based 
sales agents. 
95% of households 
reported using the 
product at least 
once, and of these 
73% were currently 
using the product. 
72% of current 
users were able to 
correctly state the 
dose, waiting time 
before drinking, 
and proper water 
storage procedure. 

Malawi ( 
Wood et al., 
2012) 

UNICEF, Ministry of 
Health and PSI 
promoted 
WaterGuard (liquid 
NaOCl) by 
distributing for free 
at antenatal clinics. 
Promotion of 

Distribution of free 
hygiene kits that 
included 
WaterGuard to 
15,000 pregnant 
women attending 
health facilities. If 
enrolled in the 

Before the 
intervention, the 
awareness of 
WaterGuard was 
high. Three years 
after the 
intervention, the 
awareness of the  

Table 3 (continued ) 

Country Implementation 
strategy 

Activities Outcome 

WaterGuard 
through media 
channels, i.e. radio 
announcements, 
signs, billboards, 
posters, and flyers. 
After the 
intervention, PSI 
continued its 
normal national 
distribution system 
and promotional 
activities for 
WaterGuard. 

program, the 
women were 
eligible to receive 
up to three free 
refills of 
WaterGuard at 
later visits. 
The women 
attending the 
health facility was 
educated by the 
health workers 
about health and 
hygiene, including 
water treatment 
and correct use of 
WaterGuard. 
Home visits by 
health surveillance 
assistants to 
reenforce 
educational 
messages. 

need to treat 
household drinking 
water was high, 
where especially 
the influence of 
interpersonal 
communication 
with health 
workers and health 
surveillance 
assistants was 
reported as an 
important factor. 
After three years, 
participants varied 
between consistent 
year-round users, 
seasonal users, 
switching between 
different methods, 
and some no longer 
used WaterGuard. 

Kenya ( 
Makutsa 
et al., 2001) 

Implementation of 
SWS by CARE in 12 
rural villages by 
adopting 
community 
mobilisation and 
management 
structure of existing 
Water, Sanitation 
and Education for 
Health project. 
Support by Kenyan 
government 
officials, 
community 
management 
committees, and 
leaders of women’s 
groups ensured. 
Agreement with a 
private company to 
produce 1% sodium 
hypochlorite 
(branded Klorin) 
and establishment 
of quality control 
system. 
Development of 
improved clay pots 
for safe storage. 
Subsidized and 
packaged with a 
free bottle of Klorin 
during the 
promotional period 

Village health 
promoters held 
community 
meetings, schools, 
and village health 
training 
workshops to teach 
about SWS. 
Social marketing 
to encourage 
behavioural 
change, i.e. Klorin- 
themed posters, 
puppet shows, 
soccer 
tournaments, 
public product 
demonstrations, 
and Klorin quizzes 
with prizes. 
Village health 
promoters 
received T-shirts, 
water vessels, or 
Klorin bottles as 
incentives for 
meeting sales 
targets. 

Before 
implementation, a 
survey showed that 
90% used boiling as 
primary treatment 
but that most rarely 
treated their water 
even when 
acknowledging 
that contaminated 
drinking water 
causes diarrhoea. 
Six months after 
implementation, 
33.5% of 173 
surveyed 
households had 
detectable FRC and 
18.5% were using 
the promoted clay 
pots. 

Kenya ( 
Freeman 
et al., 2009) 

After receiving 
training on SWS by 
CARE Kenya, a local 
organisation, Safe 
Water and AIDS 
Project (SWAP) 
used a social 
entrepreneurship 
model of SWS 
dissemination. 
Unrelated to the 
SWAP activities, a 
number of self-help 
groups were selling 
PuR (combined 
flocculant- 
disinfectant), and 

Training of SWAP 
group members on 
diarrhoea 
prevention and 
proper water 
treatment 
practices. 
SWAP group 
members were 
offered to purchase 
water treatment 
products (Klorin, 
PuR, and 
WaterGuard) at 
wholesale prices, 
sell them at retail 
prices to 

After 2 years, 33% 
of 485 households 
in 6 rural villages 
and 2 peri-urban 
villages reported 
ever using Klorin, 
9% using 
WaterGuard, and 
10% using PuR. 
FRC attributed to 
Klorin was detected 
in 17.1% of stored 
water samples, 
while this was 
2.5% for 
WaterGuard, and 
0.8% for PuR. 

(continued on next page) 
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among households in rural Kenya, where wealth was also a predictor of 
higher chlorine use, and health messages had little effect on households’ 
decision to purchase chlorine (Blum et al., 2014). 

5. Implementation of household-based chlorination 

When chlorination is performed at the household level, NaDCC 
tablets or liquid NaOCl is often used. The commercially available 
chlorine-based products are typically of a high quality with only small 
deviations from the targeted concentration and are based on providing a 
fixed dosage of free chlorine. Common commercially available products 
such as WaterGuard comes in bottles, where e.g. the bottle cap is used as 
a measuring tool for a predesignated volume of water based on a target 
free chlorine concentration. The drawback with the fixed dosage-based 
products is that they require the household to have a certain size of 
container, which may not always be available. Therefore, there is a risk 
of incorrect dosing or discontinued use if the correct container size 
cannot be found (Kumwenda et al., 2014). 

Field studies show that in some communities, local vendors buy 
concentrated NaOCl (10–15% free chlorine), which is diluted and re- 
sold in smaller plastic containers (Levy et al., 2014). This poses a risk 
of inaccurate dosing e.g. if the dilution is not performed correctly or the 
required dosage is not easily measured. Concentrations ranging from 0.9 
to 15 mg/L in the treated drinking water were observed by Levy et al. 
(2014), when households used a locally diluted product in Ecuador. 
With the high concentrations of chlorine, the issues of increased risk of 
DBP formation and taste acceptability arise. 

Chlorine solutions can also be produced locally i.e. by the electrolysis 
of brine using a simple electrolytical cell (Murray et al., 2020), dis
solving calcium hypochlorite (Ca(ClO)2), or injecting chlorine gas into a 

stream of deionized water (Lantagne et al., 2011). These products will 
have a lower quality in terms of the concentration of free chlorine (FC) 
and its stability compared to commercial products if the manufacturing 
and packaging are not of a high quality and thereby pose a risk of 
incorrect dosing if the target concentration is not met (Lantagne et al., 
2011). 

There can be a significant difference between the chlorination 
practices during drinking water treatment interventions for research 
purposes and the real-world conditions. According to Mclaughlin et al. 
(2009), the compliance rate is often higher in intervention studies 
compared to the actual situation. This can be caused by the oversight of 
investigators or the use of user surveys which may give biased results. In 
a rural community with no previous exposure to interventions or 
training, Mclaughlin et al. (2009) found that among nine households 
claiming to treat their water with chlorine, only two households re
ported always doing so during the 3-week study, while one household 
never chlorinated the water during the study. The remaining households 
reported chlorinating their water 14–77% of the time. There was no 
significant difference in the level of total chlorine between treated and 
untreated samples, but 50%, 58%, and 21% of the treated samples had 
detectable E. coli, enterococci, and phage respectively, compared to 
86%, 82%, and 32% of untreated samples. Much higher self-reporting 
rates were found among 32 rural households in Zambia where about 
42% of the households reported treated their water daily and 39% re
ported treating the water on every collection. However, this was partly 
contradicted by field observations i.e. unavailability of treated water 
upon visits (77%), reports of the available water being treated more than 
two days prior to the visit (50% of self-reported daily users) as well as 
inadequate FRC concentration of the drinking water present in the 
household (100%). In many cases, untreated water supplemented the 
treated water, and even among the self-reported users of chlorination, 
about half of the households reported drinking untreated water although 
they generally were aware of the associated risk to their health (Rosa 
et al., 2016). 

One of the challenges with chlorination and the often-low observed 
effectiveness under field conditions is that, although confirmed and 
correct use can be validated, it does not factor in under which conditions 
chlorination is performed in the households. This is an area that has 
gained little attention and only a few studies have investigated how 
chlorination is practised, as summarized in Table 4. It is evident from 
these few studies, that applying the correct dose of chlorine can be 
problematic and across all three reports, no more than half of the re
spondents used the methods correctly. This proves, that even when users 
have an intent to treat, it may not always be enough to ensure safe 
drinking water. This is further complicated by varying source water 
quality, which would require the users to adjust the dosage. In the case 
of Malawi where 56% of respondents indicated either dosing correctly or 
overdosing, only 8% of water samples taken from storage containers in 
the households had an FRC concentration above 0.2 mg/L (Kumwenda 
et al., 2014). This discrepancy could be caused by non-treatment 
(over-reported use), high CD, or even recontamination during long 
storage time. 

6. Efficiency, compliance, and sustainability of household 
chlorination 

Chlorination of water at the point of use has been shown to reduce 
the risk of childhood diarrhoea (Boisson et al., 2013; Ercumen et al., 
2015; Mengistie et al., 2013). Even so, in the past, field studies have 
shown that adopting and consistently using chlorination have been a 
challenge. If chlorination is practiced frequently, but the user does not 
consistently drink treated water (e.g. consumes untreated water outside 
the home) the compliance will still be low and thereby the health effects 
will also be low or absent (Murray et al., 2020; Patrick et al., 2013). 

Looking at the short-term effect of interventions, case studies from 
Ethiopia have shown that two separate interventions with free supply of 

Table 3 (continued ) 

Country Implementation 
strategy 

Activities Outcome 

Klorin and 
promoted (but not 
selling) 
WaterGuard. 

neighbours, and 
keep the difference 
as an incentive. 

20% of the 
households 
reported repeat 
purchases of Klorin 
or WaterGuard, 
while 10% were 
still using their first 
supply. Only 5% 
reported having 
used more than 1 
sachet of PuR and 
1% had used more 
than 10 sachets. 

India ( 
Boisson 
et al., 2013) 

Implemented by PSI 
by promotion and 
free distribution of 
NaDCC tablets. 
Training of 
interpersonal 
communicators. 

Interpersonal 
communicators 
visited households 
fortnightly 
distributing free 
tablets, instructing 
on use, providing 
information on 
health and 
drinking water 
treatment, and 
engaging the 
households by 
using games and 
interactive 
pictures. 
Community-level 
activities including 
street plays, game 
shows, wall 
paintings, and 
distribution of 
information 
material 

At baseline, 44% of 
households 
reported treating 
their drinking 
water by any form 
of treatment. 
Self-reported and 
confirmed use 
increased over the 
study period, with 
an overall 51% of 
household samples 
reported treated, 
and confirmed use 
was 32%. This 
varied between 
households, where 
20% never had 
detectable FRC, 
and 76% had FRC 
on less than half of 
the visits.  
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WaterGuard had a high compliance during the 16-weeks study period. 
Here, on an overall average around 80% of households had FRC ≥0.2 
mg/L during weekly or biweekly testing, which did not appear to 
decrease during the study period. Additionally, in both studies there was 
a significant improvement in the water quality and the proportion of 
water samples with detectable E. coli as well as the bacterial count 
(Mengistie et al., 2013; Solomon et al., 2020, 2021). 

Similar results were reported by Rangel et al. (2003) in a study 
comparing a combined flocculation-disinfection product to regular 
diluted bleach and safe storage among rural households in Guatemala. 
Overall, water samples collected weekly during 4 weeks from house
holds using bleach showed that 83% had FCR above 0.5 mg/L and 92% 
had less than 1 CFU/100 mL of E. coli, which demonstrates a high initial 
compliance. In contrast to this, a study from India showed a declining 
compliance to chlorine delivered free of charge, where the proportion of 
samples with <1 thermotolerant coliforms (TTC)/100 mL was about 
32% after 1 week and declined to 7% after 4 months. This was attributed 
to inadequate chlorine dosing, low compliance due to a high resistance 
towards chlorination as well as in-home recontamination (Firth et al., 

2010). 
While some authors argue that the uptake of chlorine products is 

likely to be lower in the absence of free provision and intensive pro
motion (Ercumen et al., 2015), Garrett et al. (2008) found that in a 
combined water, sanitation, and education for health (WASEH) inter
vention in Kenya, where a low-cost chlorine product was promoted, FRC 
>0.1 mg/l was measured in 43% of stored water samples during weekly 
visits over 8 weeks. Although this intervention was limited in time, it 
indicates that free product distribution in not always the most essential 
motivator, but user acceptability may play a far more significant role 
when looking at the short-term compliance. Furthermore, comparison of 
short-term interventions can be complicated by the time of the year that 
they are conducted, i.e. during the rainy season, where the perceived 
risk of contamination is higher and therefore the incentive to treat water 
is higher (Wood et al., 2012). 

For chlorination to be an effective and sustainable solution for 
securing safe drinking water, it is necessary to also look at the long-term 
compliance. Table 5 summarises the experiences from studies that lasted 
10 months or longer. The results from these evaluations are varying 
significantly in their level of compliance, where the cases from India and 
Bangladesh are somewhat similar in their approach (frequency of visits, 
free distribution) but the compliance and disinfection efficiency was 
about twice as high in the study from Bangladesh. This suggests, that 
although frequent home visits and educational activities are important 
driving factors for a high and consistent uptake, other factors influence 
this as well and will vary across geographical regions. In the case of the 
Indian study, the intervention did not provide appropriately sized 
storage containers but reported that the typical container size in the 
households was 13 L, which is considerably smaller than the 20 L pre
scribed size for a 67 mg NaDCC tablet used in the study. Overdosing and 
consequently rejection of the treatment could be a contributing factor to 
the lower compliance. 

Although chlorine on its own has been shown to reduce childhood 
diarrhoea (Crump et al., 2005), interventions that combine water 
treatment with other WASH (water, sanitation and hygiene) components 
have shown positive influence on the reduction of childhood diarrhoea. 
It is therefore interesting to look at these types of interventions to see if 
an increased focus on hygiene and sanitation has an impact on the 
compliance of water treatment. For comparison, Table 6 therefore 
summarises three studies where household chlorination has been 
introduced in communities in combination with other WASH compo
nents. In all studies, the compliance increased over time, but in the two 
studies that compared several treatment arms, the chlorine alone 
treatment arm interestingly had the highest compliance. Opryszko et al. 
(2010) argued that when multiple health messages and behaviours are 
promoted in combination, there is a risk that the messages will be 
diluted, and the inconvenient and time-consuming behaviours will be 
downgraded. However, the combined effects (even at lower treatment 
compliance) in terms of health improvements can still be greater 
compared to standalone chlorination. 

7. Barriers and enablers for adequate implementation 

The adequate implementation of chlorination in a household faces 
several barriers and enablers. These have different origins and can be 
divided into user, chlorine product, and correct practice and storage which 
are summarized in Table 7, Table 8, and Table 9 respectively. 

Barriers that are directly related to the user include the user demand 
for HWTs. As seen in many field trials, there is often a lack of motivation 
to use the HWTs or a lack of understanding of the benefits, which leads 
to low user compliance and/or non-use. HWT is a preventative practice 
where the benefit, e.g. the aversion of diarrhoea incidences, is not 
obvious to the user immediately. Geremew et al. (2019) found that 
households in Ethiopia were more likely to use a chlorine product over 
time when they believed that it made their water safer to drink. This 
demands for better implementation strategies, including appropriate 

Table 4 
Practice and knowledge on correct use among rural households. HH: house
holds. Sûr’Eau, Jif, and Clorox are local brands of liquid NaOCl.  

Country Project details Product and correct 
use 

Practice 

Rwanda ( 
Chankova 
et al., 2012) 

2,402 HH 
studied over 18 
months 

Liquid Sûr’Eau: One 
bottle cap/20 L 

About one third of 
respondents, who had 
used the method in 
past, could mention 
all 4 steps correctly; 
1) Fill 1 bottle cap 2) 
Pour in 20 L jerry can 
3) Close jerry can and 
shake well 4) Wait 30 
min before drinking 

Haiti (Patrick 
et al., 2013) 

One-time 
survey of 433 
HH 16 months 
after onset of 
cholera 
epidemic 

- Aquatabs 
(available as 8.5,17, 
33, and 67 mg): One 
67 mg tablet/20 L 
- Jif or Clorox 
(5–15% active 
chlorine): 25 drops/ 
20 L 
- PYAM tablets: two 
tablets (19 mg 
each)/20 L 

Half of the Aquatabs 
users reported 
applying an 
acceptable dose, 
while 25% 
underdosed. 26% of 
Aquatabs users did 
not know how many 
tablets to dose and 
most thought that one 
tablet to 20 L water 
was correct, 
irrespective of tablet 
size. 
Liquid bleach users 
reported using the 
correct dose in 15.9% 
of the case. Almost 
80% of the users were 
underdosing where 
the majority used five 
or less drops. 
All respondents using 
PYAM indicated 
underdosing 

Malawi ( 
Kumwenda 
et al., 2014) 

One-time 
survey of 349 
HH 

WaterGuard: One 
bottle cap/10 L 

330 HH reported to 
have used 
WaterGuard. Of these, 
72% could explain 
how they treated the 
water, where 45% 
used the right dose, 
44% underdosed and 
11% overdosed. 
Of the WaterGuard 
users, 10% did not 
ensure mixing of the 
water after dosing.  
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behavioural intervention, including education and training in health 
and hygiene, to underline the benefits of treating the water both in terms 
of health outcome but also economic benefits e.g. higher school atten
dance, reduced number of missed workdays, and reduced expenditures 
on healthcare. However, even regular educational visits to households 
does not guarantee a high level of compliance (Boisson et al., 2013). 
Other user-related barriers include the user acceptability and prefer
ence. In terms of chlorination, one of the most frequently reported ob
jections to chlorine is smell and taste. This is especially a problem when 
the users are not used to chlorine e.g. in the public WS. The user pref
erence of technologies also plays an important part since some users will 
prefer methods that do not require regular purchases or offer a more 
convenient usage (Ercumen et al., 2015). Furthermore, in rural com
munities there may be cultural factors that cause a low adherence to the 
methods e.g. due to misconception/false rumours of chlorine toxicity or 
if water is associated with healing powers or being of a religious value to 
the people. 

Barriers related to the chlorine product include the affordability and 
supply chain. Although chlorine products are generally cheap, they need 
to be replenished continuously and add an extra cost for households. 
Therefore, their willingness to pay after an intervention is implemented 
is very important, which is related to their awareness of the benefits of 
treating the water and the cost averted as a result thereof. However, in 
cases where chlorine is distributed free of charge, a low compliance can 
sometimes be observed, indicating that other factors contribute as well. 
Furthermore, it is seen that discontinued use after an intervention can be 
related to the lack of a supply chain in the communities, which can 

provide the chlorination products continuously. Prior to an intervention, 
it should therefore be investigated if the supply chain is sustainable. 
Although product quality is not reported as a concern by users, it is an 
important issue as discussed earlier. Therefore, product quality should 
be ensured through quality controls, especially when locally made 
products or diluted commercial products are used, where a poor quality 
may lead to ineffective treatment and false sense of security. 

The lack of knowledge on correct use and practices is a significant 
barrier to the successful implementation of chlorination, where varia
tions in available product concentrations and appropriate storage 
container size can lead to incorrect dosing. Underdosing will give a false 
sense of security, while overdosing may lead to rejection of the method 
due to taste issues. Although chlorination is seen as a simple method, 
identifying the correct practice can be a challenge for users as already 
discussed. Users who feel comfortable using the method have also been 
found to be more likely to continue to do so (Inungu et al., 2016). The 
successful implementation and adoption of HWT requires a significant 
behaviour change since consistent use requires an active choice to treat 
the water every time it Is collected and not just when the perceived risk 
of contamination is high. The behaviour change also means being aware 
of the risk associated with consuming untreated water and to stop that 
behaviour. 

The common trait of many of these identified barriers is their com
mon mitigation measures. Although most interventions are accompa
nied by information, education, and/or training to generate awareness 
of the importance of treating water, it has been shown that users prefer 
clearer messaging about the health benefits of safe water especially from 

Table 5 
Examples of long-term effect of interventions or emergency responses focused on water treatment only. Sample size refers to the intervention participants (not 
including controls) at end line. HH: households. SS: safe storage. Gadyen Dlo is a local brand of liquid NaOCl.  

Location Sample 
size 

Duration and frequency of 
visits/testing 

Treatment Effect on microbial quality Compliance 

Haiti (Lantagne 
and Clasen, 
2013) 

143 HH 10 months 
1 follow up visit 10 months 
after an emergency 
response. 

Free Aquatabs/Gadyen Dlo 46% of HH had E. coli <1 CFU/ 
100 mL 
41% of HH had E. coli <10 
CFU/100 mL 

81% of HH reported as current users. 
90% of the treated samples had FCR 
above 0.2 mg/L 

India (Boisson 
et al., 2013) 

751 HH 12 months 
Biweekly educational visits 
Monthly testing visits 

Free 67 mg NaDCC/bucket 
(about 13 L) 

Overall mean 50 CFU/100 ml 
TTC (control 122 CFU/100 mL 
TTC). 
Reported use mean 24 CFU/ 
100 mL TTC (control 138 CFU/ 
100 mL). 
37% of reported-use samples 
free of TTC (20% in control). 

Confirmed use increased from 14% at 
baseline to 47% at end line. 
30% of samples with detectable FRC 
exceeded the recommended 2.0 mg/L, 
where 11% was equal to or exceeding 
5.0 mg/L. 

Bangladesh ( 
Ercumen et al., 
2015) 

537 HH 12 months 
Monthly promotion visits 
Monthly testing visits 

Free 33 mg NaDCC/10 L 
+ SS 

74% of samples free from E. coli 
(11% in control). 
9% of samples with E. coli >10 
CFU/100 (61% in control). 
2% of samples with E. coli 
>100 CFU/100 (21% in 
control). 

91% of spot checks had stored water in 
the provided container. 
HH who had water stored during visits 
with FRC ≥0.2 mg/L varied between 
76% and 90% during the study period. 

Kenya (Parker 
et al., 2006) 

51 health 
clinic 
clients 

12 months 
Home visits after 2 weeks 
and 1 year 

WaterGuard  71% of stored water samples had 
detectable FRC after 1 year 

Guatemala ( 
Rangel et al., 
2003) 

83 HH 
87 HH w. 
SS 

12 months 
Weekly visits 
3 follow-up testing visits 
and monthly unannounced 
testing visits 

Free chlorine bottles±SS 61% (+SS) and 51% (- SS) of 
samples on unannounced visits 
had <1 CFU/100 mL E. coli 

On monthly unannounced visits, 44% 
(+SS) and 36% (- SS) of HH had FRC 
>0.1 mg/L 

Haiti (Murray 
et al., 2020) 

59 HH 13 months 
4 follow-up testing visits 

Free handheld electro chlorinator 
with target concentration of 2.5 
mg/L chlorine in treated water 

82% of samples free from E. coli 
11% of samples with E. coli 
>10 CFU/100 

Confirmed use ranged from 39% at two 
weeks to 13% at 13 months. 
2% had confirmed use on every visit 
77–91% reported drinking untreated 
water 

Haiti (Harshfield 
et al., 2012) 

201 HH Up to 8 years after 
implementation 
1 follow-up testing visit 

Gadyen Dlo (NaOCl) + safe 
storage  

75% of HH self-reported current use 
(10% of control), where 34% reported 
daily use (11% of controls) 
56% confirmed use in the range 0.2–2.0 
mg/L (10% of control). 

HH: households, SS: safe sanitation, +SS: with safe sanitation, –SS: without safe sanitation. 

A.M. Nielsen et al.                                                                                                                                                                                                                              



International Journal of Hygiene and Environmental Health 244 (2022) 114004

9

highly trusted sources of health advice such as nurses and health 
workers (Makutsa et al., 2001; Parker et al., 2006) rather than mass 
media (Freeman et al., 2009). Ongoing, positive interactions with health 
advisors (Wood et al., 2012) as well as high frequency of receiving in
structions and/or home visits (Loharikar et al., 2013; Parker et al., 2006) 
have been observed to be some of the main driving factors for a high and 
sustainable compliance. This was also confirmed in an exploratory study 
about the challenges of tablet chlorine programs in emergencies. In
terviews with emergency WASH professionals revealed that frequent 
distribution accompanied by education messages was key to a successful 
implementation. However, it was also found that if the individuals 

conducting the training/education lack experience with the technical 
and/or behavioural aspects of water treatment, it will pose a barrier. It 
was also noted that the educational messages should be accompanied by 
implementors drinking water treated in the same way as they promote it. 
In some cases, it can also be relevant to include inputs from social sci
entists, who can assess the cultural and educational needs in a com
munity (Mitro et al., 2019). 

Although chlorination has been shown to be an effective approach to 
the disinfection of potable water, a significant limitation is that it is only 
effective under very specific conditions, and incorrect practices or dis
continued use often lead to low efficiencies in the field. In the past, 
research has focused on either the quality of the water (i.e. in terms of 
presence of pathogens) and/or the presence of FRC concentration 
without considering the actual practices of chlorination. It is therefore 
uncertain if the reported failures are caused by user-dependent factors 
such as insufficient contact time and incorrect dosing, or if external 
factors such as high CD, poor quality of the product, or water/container 
recontamination are causing this. 

While chlorination as an HWT only achieves a 1-star classification by 
the WHO, it can still be a highly effective solution to the disinfection of 
water containing bacterial or viral pathogens as it is easy to use and has a 

Table 6 
Long-term effect of interventions or emergency responses combining water with 
other intervention types. Sample size refers to the intervention participants (not 
including controls) at end line. HH: households SS: safe storage. Clorin is a local 
brand of liquid NaOCl.  

Location and 
intervention 

Sample 
size 

Duration 
and 
frequency 
of visits/ 
testing 

Treatment Compliance 

Afghanistan ( 
Opryszko 
et al., 2010) 
a) Water 
b) Water, 
hygiene 
education, 
and 
improved 
water source 

288 HH 
Water 
255 HH 
Combined 

16 months 
Biweekly 
visits 

FC (0.05% 
NaOCl) + SS 

Self-reported 
use increased 
from overall 
7%–72% in 
Water group 
and to 78% in 
Combined 
group. 
In both groups, 
the majority 
used Clorin as 
treatment (98% 
of Water group 
and 76% of 
Combined 
group). 

Bangladesh ( 
Parvez et al., 
2018) a) 
Water 
b) WASH 
c) WASH and 
nutrition 

698 HH 
Water 
703 HH 
WASH 
686 HH 
WASH +
N 

20 months 
Monthly 
visits 

FC tablets +
SS 

Over 20 
months, 84% of 
households in 
the Water 
group self- 
reported 
treating their 
water, while 
this was 78% 
for the WASH 
group, and 77% 
for the WASH 
+ N group. 
Confirmed use 
was 76% for 
households in 
the Water 
group, 68% for 
WASH and 67 
for WASH + N 
group. 

Malawi ( 
Loharikar 
et al., 2013) 
Water and 
education 
(WASH) 
facilitated by 
antenatal 
care service 

232 
pregnant 
women 
386 
relatives/ 
friends 

3 years 
1 follow-up 
survey after 
1 year and 
after 3 
years 

Free 
WaterGuard 
(up to four 
free bottles) 
+ FC stock 
during rainy 
season 

Self-reported 
use increased 
from 44 to 69% 
of WaterGuard 
and 13–47% for 
chlorine stock 
solution among 
participants. 
Confirmed used 
increased from 
9% to 54% 
among 
participants 
and 9%–43% 
among friends/ 
relatives  

Table 7 
User dependent barriers and enablers to adequate implementation of chlorina
tion based on field experience.   

Barriers Enablers 

Motivation Lack of understanding of the 
importance of consistent use of 
treated water. (Patrick et al., 
2013) 
Inability to acknowledge the 
link between health benefits and 
technology use. (Freeman et al., 
2009; Roma et al., 2014) 
Perception of drinking water 
sources to be safe without 
treatment, i.e. due to natural 
treatment, protection, and 
clarity. (Freeman et al., 2009;  
Kumwenda et al., 2014;  
Lantagne and Clasen, 2013;  
Loharikar et al., 2013; Patrick 
et al., 2013). 

Perceptions of health benefits 
generated by chlorine 
disinfection. (Roma et al., 
2014).  

Perceived need for water 
treatment to prevent diarrhoea 
(Makutsa et al., 2001; Parker 
et al., 2006; Rosa et al., 2016;  
Wood et al., 2012). 
Desire to prevent sickness and 
protect their families. (Wood 
et al., 2012). 

Acceptability Dislike smell and/or taste even 
at low concentrations (Boisson 
et al., 2013; Freeman et al., 
2009; Kumwenda et al., 2014;  
Mitro et al., 2019; Parker et al., 
2006; Roma et al., 2014; Wood 
et al., 2012) 
Preference of other methods. ( 
Kumwenda et al., 2014) 
Distorted perceptions of health 
benefits or problems caused by 
chlorine (i.e. infertility). ( 
Makutsa et al., 2001; Mitro 
et al., 2019; Roma et al., 2014) 
Do not fully trust the method ( 
Rosa et al., 2016) 

Pre-existing experience with 
chlorine can reduce the 
sensitivity to taste and smell. ( 
Mitro et al., 2019) 
Getting accustomed to the 
smell and taste, i.e. associating 
it with safety and good health. 
(Wood et al., 2012) 
Frequent distribution 
accompanied by education 
messages (Mitro et al., 2019) 
Interest in chemical 
disinfection (Makutsa et al., 
2001) 

Culture Cultural perceptions of cause for 
contamination/disease. ( 
Kumwenda et al., 2014) 
Cultural perceptions of chlorine 
products, i.e. causing diseases. ( 
Roma et al., 2014) 
Water may be considered to 
have healing powers. (Roma 
et al., 2014) 
Low uptake of products, i.e. safe 
storage containers due to 
resistance towards 
non-traditional materials. (Ram 
et al., 2007) 

Culturally appropriate 
educational methods (Parker 
et al., 2006).  
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residual effect. This is especially true in emergency situations e.g. due to 
outbreaks of cholera, where Vibrio cholerae is effectively inactivated by 
chlorine. Similarly, chlorination can be an ineffective HWT, e.g. against 
Cryptosporidium. Unfortunately, few studies deal with this topic prior to 
implementing an HWT, which could also influence the effectiveness on 
health outcomes. Pre-intervention screening of the predominant path
ogens in an area could prove to be an important decision-making tool 
when deciding on which HWT to implement. 

8. Safe water and chlorination in Mexico, Colombia, and Brazil 

In Latin America, there has been progress since 2000 in the coverage 
of drinking water service levels, as illustrated for Brazil, Colombia, and 
Mexico in Fig. 2. These countries are part of the GCRF-UKRI funded 
SAFEWATER research program focused on providing safe drinking 
water to rural communities in Brazil, Colombia, and Mexico 
(GCRF-UKRI, 2020). The service level, safely managed water sources is 
seen as a basic human right. These sources are improved sources, which 
have the potential to provide safe water due to their design/construction 
and additionally, the water should be available on premises and when 
needed. The other service levels include basic (less than 30 min round 
trip collection), limited (improved, but more than 30 min round trip 
collection), as well as unimproved (not protected against contamination) 
and raw surface water (WHO and UNICEF, 2017). 

It is evident from Fig. 2, that rural households still lag behind their 
urban counterparts, where only rural households in Colombia are partly 

covered with safely managed drinking water sources. Rural areas pose a 
challenge since they are difficult to reach with on-premises safe drinking 
water. In Mexico, although more than 99% of the population had ach
ieved at least basic drinking water services in 2017, both the rural and 
urban population are challenged by improved sources not being free 
from contamination (UNICEF and WHO, 2020). Although Fig. 2 does not 
show very significant differences between rural and urban areas of 
Mexico in the drinking water service level, there are many specific 
considerations that are not fully evidenced in the current data, and 
which would affect the actual conditions of the service: for example the 
type of basic service, the volume of water served, the continuity, etc. 

Disaggregated data from Mexico shows that there was a difference in 
the coverage when differentiating between the poor and rich, where e.g. 
88% of the poorest rural population had access to the basic service level 
compared to 99% of the richest rural population. This difference was 
even more pronounced in Colombia, where 58% and 93% of the poorest 
and richest respectively had access to at least basic service level in rural 
areas. No disaggregated data is available for Brazil (WHO and UNICEF, 
2020). 

In the following, the real scenario observed in rural communities of 
the three Latin American countries are described, where the focus is on 
household chlorination as an interim solution to provide safe drinking 
water in rural areas. There can be challenges to its implementation and 
compliance that differ on a regional scale and even chlorination of 
public water supplies can be a challenge in these areas as well as in the 
urban areas. 

8.1. Chlorination in Mexico 

In Mexico, chlorination is predominant in public water supplies, 
where the target FRC varies between 0.2 and 1.5 mg/L aligned with the 
Mexican drinking water regulations (Haro et al., 2012). However, it is 
insufficiently and intermittently applied, as confirmed by monthly 
evaluations of disinfection efficiency performed by the Federal Com
mission for Protection against Health Risks (COFEPRIS). The evaluations 
are carried out on sample parts of the public WS throughout the country 

Table 8 
Chlorine product dependent barriers and enablers to adequate implementation 
of chlorination based on field experience.   

Barriers Enablers 

Cost Lack of affordability (Freeman 
et al., 2009; Kumwenda et al., 
2014; Loharikar et al., 2013;  
Opryszko et al., 2010; Parker 
et al., 2006; Patrick et al., 
2013; Ram et al., 2007; Rosa 
et al., 2016). 
Use of less chlorine than 
directed on the bottle in order 
to make a bottle last longer ( 
Mclaughlin et al., 2009). 
History of receiving free goods 
from NGOs, etc. (Makutsa 
et al., 2001) 

Users see an economic value if 
it will save them money spent 
on water from vendors or fuel/ 
wood for boiling. (Roma et al., 
2014). 
Willingness to pay (Makutsa 
et al., 2001; Wood et al., 
2012). 
Affordability, i.e. in 
comparison to other methods 
used by consumer (Makutsa 
et al., 2001; Parker et al., 
2006). 
If perceived benefits outweigh 
the product’s cost as long as 
users have the money to pay 
for it. (Wood et al., 2012). 
Extended free trial allows 
trying unfamiliar products 
without financial risk and 
should give sufficient time to 
experience health benefits. ( 
Wood et al., 2012). 
Free access to products ( 
Loharikar et al., 2013). 

Availability of 
product 

Unaware of the products or 
where to buy them. (Freeman 
et al., 2009; Loharikar et al., 
2013). 
Lack of availability of 
products (Patrick et al., 2013;  
Rosa et al., 2016). 
Not aware of the presence of 
products in community ( 
Freeman et al., 2009;  
Kumwenda et al., 2014). 
Product distribution 
challenged by poor road 
conditions and large distances 
between communities ( 
Makutsa et al., 2001) 

Knowledge of where to buy 
products. (Inungu et al., 2016;  
Loharikar et al., 2013). 
Ease in accessing the products ( 
Makutsa et al., 2001; Wood 
et al., 2012).  

Table 9 
Current practice and storage dependent barriers and enablers to adequate 
implementation of chlorination based on field experience.   

Barriers Enablers 

Knowledge Lack of understanding of correct 
use of products. (Mitro et al., 
2019; Patrick et al., 2013). 
Confusion caused by use of 
multiple product types and 
products with different dosages ( 
Mitro et al., 2019; Patrick et al., 
2013). 
Extended storage time can 
contribute to the loss of FRC. ( 
Patrick et al., 2013). 
One-time distribution without 
proper instruction. (Mitro et al., 
2019) 

Availability of products with 
different dosages may ensure 
that appropriate dosage is 
available for different container 
sizes (Mitro et al., 2019). 
Ease of using (Makutsa et al., 
2001; Wood et al., 2012). 
Users feeling comfortable 
treating the water with product. 
(Inungu et al., 2016). 

Behaviour Lack of time to treat water ( 
Murray et al., 2020; Roma et al., 
2014). 
Forgetting to treat the water ( 
Murray et al., 2020). 
Consumption of untreated water 
when outside of the home. ( 
Murray et al., 2020; Patrick 
et al., 2013). 
Seasonal variation in compliance 
due to e.g. dry season when 
perceived risk of contamination 
is perceived as low (Wood et al., 
2012). 

Support of their family and the 
broader community can give 
incentive for behaviour change ( 
Wood et al., 2012). 
Higher compliance when 
perceived risk of contamination 
is high, i.e. during outbreaks  
Patrick et al. (2013)  
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and showed that in 2016, only 47% of the sampled systems were effi
cient (i.e. more than 90% of the samples in a year meet the Mexican 
standard for FCR). In 22% of the systems, all the samples analysed were 
outside the Mexican standard in at least one of the monthly evaluations. 
In 4% of them, none of the samples from any evaluation met the stan
dard (COFEPRIS, 2016). This poses a risk of deterioration of the water 
quality since most Mexican households store water either in tanks on 
rooftops or underground to ensure access to water, due to the general
ized problem of intermittent WS. Only 45% of the country’s population 
has a daily and continuous service of piped water. The rest of the pop
ulation is subject to intermittent supply with variable frequencies (part 
of the day, every third day, once or twice a week) (INEGI, 2000). 

Concerns regarding insufficient chlorination of public water supplies 
in Mexico are supported by several studies (Félix-Fuentes et al., 2007; 
Galdos-Balzategui et al., 2017; Rubino et al., 2019). In San Cristobal de 
Las Casas, Galdos-Balzategui et al. (2017) found that 32% of water 
samples from the public supply system had detectable E. coli in an 
annual monitoring of the bacteriological water quality, thereby con
firming the irregularity in the disinfection process. In Guadalajara, 
Rubino et al. (2019) found that only 35% of 51 households had FRC 
meeting the required concentration and about 10% exceeded the FRC 
threshold. The FRC values fluctuated even from day to day in the same 
locations. Lower FRC concentrations were observed in water stored in 
households. Coliforms were observed in half of the tanks but in the 
study, only 8% of the households reported using the water for drinking 
and generally had a low confidence in the quality of the supplied water. 

It should be noted that there are no national statistics for water 
quality monitoring of rural WS systems. COFEPRIS only provides sur
veillance to formal denomination systems, that have the necessary 
components to perform chlorination, which most rural systems do not 
have. In Mexico there are 49,440 locations with between 100 and 2,500 
inhabitants, which are not part of the COFEPRIS evaluation system 
(CONAGUA, 2018). A study conducted by the Inter-American Devel
opment Bank and the NGO Cántaro Azul in 300 rural communities 
showed that only around 17% of piped WS systems met the FRC stan
dards and more than 41% tested positive for the presence of E. coli 
(unpublished data). Navarro et al. (2007) found that in four studied 
rural communities, water samples from households at the water intake 
point and after passing through individual storage tanks only met the 
required FRC 59% and 49% of the time, respectively. Félix-Fuentes et al. 
(2007), studied the FRC level in three rural communities in the state of 
Sonora, and found that none of the water samples had detectable FRC in 
two of the communities, while 92% of the water samples from the third 
community were within norm. 

A large part of Mexican rural communities, especially the most 
marginalized areas such as indigenous areas, are supplied with drinking 

water without any treatment. In these locations, not even chlorine is 
added to the community storage tank, since people reject chlorination 
(Soares, 2007). The general poor water quality of public water supplies 
means that many households must treat their own water to ensure 
potability (Vásquez et al., 2009). However, many choose to purchase 
bottled water instead, even in rural communities reaching up to half of 
the rural households (INEGI, 2018). Despite the need for water treat
ment, the research within HWT in rural Mexico is limited. In a study of a 
municipality in an indigenous region, boiling was the most reported 
treatment method among women respondents. The women reported the 
understanding of the relationship between water and health but, in fact, 
this could be associated with conditioning of a grant payment of the 
Prospera Government Program to women who meet the guidelines for 
hygiene behaviour, including boiling water for domestic use (Soares, 
2007). 

Today, to guarantee access to safe drinking water in Mexico, multiple 
strategies are needed. Governments need to develop public policies to 
improve the quality of the service of existing piped water systems and 
guarantee FRC values. Since the situation across the country in not likely 
to change in the short term, HWT is an important solution to increase 
access to safe water in rural and peri-urban communities. Although 
chlorination appears to be a common and effective treatment method in 
public WS, there is no relevant published scientific data on chlorine 
implementation in Mexican rural communities. 

8.2. Chlorination in Colombia 

The incorrect provision of drinking water and sanitation services in 
the rural sector and small municipalities is a common problem in 
Colombia (Quiroga et al., 2015). Although most Colombian rural com
munities have access to water, which is brought to homes through pipes, 
hoses, containers, or wells, only 42% of the rural population consumes 
safe water according to governmental sources (Colombia, 2018). There 
is only scarce information on the water quality in rural areas, which 
prevents knowing the real situation and consequently complicates 
adopting intervention strategies (Guzmán et al., 2015). 

In urban areas in Colombia, chlorination is the most widely used 
disinfection method (RAS, 2010), but its application is not necessarily 
effective. In a study of chlorination in a pilot section of the drinking 
water distribution system in Cali, supplying approximately 30,000 in
habitants, it was found that the FRC was above the recommended 0.3 
mg/L 80% of the time in the nine sampling points and never exceeded 
1.0 mg/L. Lower concentrations of residual chlorine were observed 
when the residence time exceeded 24 h and at low water velocities in the 
pipes (Sánchez et al., 2010). It should be noted that the study did not 
mention the microbiological quality and thereby the potability of the 

Fig. 2. Coverage (%) of drinking water resources at households in rural and urban areas of Brazil, Colombia and Mexico in years 2000 and 2017. Data from WHO and 
UNICEF (2017). 
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water. 
Regarding rural areas, although sodium and calcium hypochlorite 

are available at health posts (RAS, 2010), the use of chlorination is 
challenged by low initial motivation and commitment of communities to 
maintain disinfection on a continuous and reliable basis, the lack of 
understanding of the importance of disinfection, and the scarce financial 
resources necessary for the proper operation and maintenance of the 
disinfection system (Quiroga et al., 2015). 

At community level, Ávila de Navia et al. (2016) studied the water 
quality in the rural community El Charo, which is supplied by an 
aqueduct and the water treatment consists of a decanter tank, a 
multi-layer gravity filtration unit and disinfection with chlorine. The 
aqueduct of the rural community supplies water to 28 houses and a 
school. The water quality was analysed twice at several points, including 
the raw water and three delivery points (taps), namely one school, and a 
house with and without a storage tank. Coliforms and Enterococcus were 
present in the untreated water at concentrations up to 96 and 54 
CFU/100 mL respectively, which was generally reduced during the 
treatment process. At the delivery points, only the household with a tank 
contained coliforms, but on the second sampling event, all delivery 
points had Enterococcus. All samples were free from E. coli (Ávila de 
Navia et al., 2016). The results indicate the need for improved process 
control to ensure that the water is completely disinfected as well as the 
importance of cleaning storage containers at the household level to 
prevent recontamination. 

There is no published literature on the use of chlorination at 
household level in rural Colombia, but according to RAS (2010), laundry 
bleach (5.25% sodium hypochlorite) is used in some rural areas. 
Through interviews in the rural communities of Curití and El Carmelo in 
Antioquia, Colombia in the SAFEWATER project (GCRF-UKRI, 2020), it 
was found that although the communities were aware of the risks 
associated with untreated water and the willingness to implement 
treatments to improve the water quality, there was a resistance towards 
chlorination due to the alteration of taste of the water (unpublished 
data). 

8.3. Chlorination in Brazil 

In Brazil, chlorination is much more widespread in rural and isolated 
communities. Nationally, the most recommended chlorination practice 
for HWT is the use of 2.5% chlorine solution. The national Ministry of 
Health distribute, free of charge, bottles containing a 2.5% sodium hy
pochlorite solution and it is suggested to use 2 droplets (approximately 
0.1 mL) for 1 L of water and a contact time of 30 min (Brazilian Ministry 
of Health, 2011) (Fig. 3a). Commercial and concentrated bleach, 
although it is not recommended, is also used for water treatment in some 
households. However, these methods depend on the user’s proper 
dosage and storage. NaDCC tablets are also used for water disinfection in 
Brazil, where the recommended dosage is one tablet (2g) to treat 1000 L 
of water within 15 min. 

The implementation of these chlorination methods in rural com
munities in Brazil is not consistent. In the Northern region, De Souza 
et al. (2016) showed that the chlorine treatment was performed by 0% 
and 20% of the households in a study of two communities. In another 
study of 97 households across 10 rural communities in the semi-arid 
region, 36% used chlorine tablets for drinking water disinfection, but 
chlorine was only detected in one sample (Peres et al., 2020). In the 
Northeast region, 24% of 66 studied households used chlorine prior to 
consumption (Xavier et al., 2011). The low adherence to this treatment 
was mostly reported due to: i) taste and odour caused by chlorine; ii) the 
lack of convenience to treat water every day; and iii) the belief that the 
water had good quality. 

To increase the compliance and adequate dosage, different types of 
diffusion chlorinators have been used in Brazil. The Brazilian Agricul
tural Research Corporation developed a low-cost chlorinator (Fig. 3b), 
which can be installed by the user with PVC tubes between the water 

intake inlet and the home reservoir (up to 1000 L) (Rodrigues, 2013). 
The Brazilian National Health Foundation developed a similar chlori
nator suitable for reservoirs from 5000 L to 20000 L (Funasa, 2014). 
Both systems use granular calcium hypochlorite with 60–65% of active 
chlorine and consist of a point-of entry intervention, which reduces 
dependence on dosing at the point of use. 

Ribeiro et al. (2018) evaluated the water quality from 20 rural 
schools in the Brazil’s Northern region, prior and after the use of 
diffusion chlorinators. Prior to implementation, the bacteriological 
analysis from the water supplied showed that 100% and 70% were 
positive for TC and E. coli, respectively. After applying the chlorinator, 
only 25% of the schools presented TC and all of them were free from 
E. coli. 

An older and simplified diffusion chlorinator, but still common in 
some Brazilian household wells, is made of a plastic bottle filled with 
sand and calcium hypochlorite (Fig. 3c). The chlorine can diffuse ho
mogeneously into water by the two small holes at the top of the bottle, 
which is immersed in the well. It is reported that this system can ensure 
safe water for up to 30 days, depending on organic matter content in 
water. 

This type of chlorinator was implemented in 11 wells in a rural 
community which were contaminated by TC (8 to >1,600 MPN/100 mL) 
and E. coli (4–50 MPN/100 mL). Ten days after the chlorinator imple
mentation, no samples presented bacterial contamination. After 20 and 
30 days, only one well was presenting TC counting, however the chlo
rine was not detectable. The users reported that in the first 3 days after 
implementation the taste and odour of chlorine was stronger, but after 
10 days there was no more complaining. It is important to highlight that 
despite the efficiency observed in this study, the free chlorine concen
tration was always below the recommend by the Brazilian legislation 
(0.5 mg/L) (Guerra, 2006). 

Another study in Brazil’s Northern region used the same diffusion 
chlorinators in 20 wells contaminated with TC and E. coli. After 2 days of 
implementation only one sample was still contaminated. However, after 
30 days 75% of the wells were presenting TC and 35% were presenting 
E. coli (Ferreira et al., 2016). 

9. Concluding remarks 

Chlorination has many advantages such as being very cost-effective, 
simple to use, and can be made widely available. This suggests that it 

Fig. 3. A) Flask of 50 mL of 2.5% sodium hypochlorite distributed by the 
Brazilian Ministry of Health to population that are not supplied with treated 
water. B) Schematic of diffusion chlorinator developed by The Brazilian Agri
cultural Research Corporation, adapted from (Embrapa, 2015). C) Diffusion 
chlorinator made of plastic bottle fulfilled with sand and calcium hypochlorite, 
from (Ferreira et al., 2016). 
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would be easy to achieve good results when implementing in households 
in rural communities, where the use is promoted by NGOs, local orga
nisations, and governments. 

In this review, we identified the main challenges of chlorination at 
household level, being the most relevant HWT the high user-dependence 
of this method to achieve high efficiency in disinfecting drinking water, 
the necessity of some technological approaches to apply the correct 
chlorination dose, the high risk of producing undesirable taste, smell 
and DBPs when the source of water has a certain organic matter content, 
and the chlorine dose is not accurately estimated by experts. 

Despite that chlorine is the most effective, cheapest, easiest, most 
accessible and affordable household water treatment intervention, this 
paper also recognised the low compliance of chlorination as a big issue 
in rural settings and in the Global South in general. This is often 
attributed to the lack of motivation of the end-users, which points out at 
the need for research on user-behaviour changes in relation to water 
treatment and water quality awareness as well as the risks associated 
with consuming untreated water. 

Social factors are often neglected in research done by scientists and 
engineers. For example, objection to the taste and smell of chlorine may 
even cause households to opt out drinking the disinfected water, as 
illustrated by the status of chlorination in Mexico. Even in public water 
supplies, the use of chlorine is challenged by insufficient dosing, as seen 
in Mexico, Colombia, and Brazil. Very few rigorous studies combine the 
social, scientific and engineering aspects to understand the challenges of 
real domestic scenarios, to investigate the limitations of existing tech
nologies and to propose alternative approaches to face these issues. This 
illustrates the need to carry our more research in this area to change 
users’ behaviour in the long term, improve compliance rates and reduce 
the high rates of users drop from chlorination programmes. 

When the compliance concern is overcome, practical matters rise, as 
insufficient dosing found in Mexico, Colombia, and Brazil. This high
lights the challenges associated with the technology and the need for 
capacity building when introducing an intervention. Here, we recom
mend that any public health solutions are accompanied by in
vestigations aiming to avert taste and disinfection by-product issues at 
household, provide water quality assessment and pathogen screening, 
determine the potential need for multi-barrier approaches, as well as the 
design of user-friendly devices (e.g., inline chlorinators). 

Microbiological contamination of water is a significant risk for rural 
communities in the Global South and is associated with deficiencies in 
water treatment and distribution. Intermittent supply, leaks, poor water 
quality and poor maintenance are common issues in rural areas. Barriers 
for an appropriate implementation of chlorination are responsible for 
low rates of success. The absence of risk assessment and the limitation 
for characterization, sampling and detection of biological contamination 
is a critical barrier. There is a lack of knowledge on the correct imple
mentation of chlorination, which fails due to inadequate dosage, 
incorrect practice, and discontinued use causing low efficiencies in the 
households. Monitoring and evaluation of water sources in rural com
munities is a main barrier. There is general understanding of the benefits 
of chlorination in the community but there are not measures that warn 
the users about biological contamination of the water. Empowering the 
rural communities in water treatment knowledge and skills, via behav
iour changes that include technical training on water quality, cleaning 
habits and water purification, is a necessity to create awareness at user 
level. A challenge for effective and sustainable chlorination is the cre
ation of capacities and capabilities at the community level and for local 
governmental bodies to provide permanent support for sustainability. 

Analysing the general status of the chlorination practice in three 
Latin American countries shows that, although the use of chlorine is 
widely known and considered a classic disinfection method by health 
care bodies, its application in households is not necessarily effective. 
Additionally, monitoring of proper practice is lacking, as well as 
compliance actions from medium to long-term follow-up in all three 
countries. There is a need for more research and solutions to address the 

effective implementation of chlorination at household level, specifically 
addressing compliance. 

This work highlights the challenges associated with the imple
mentation of household-based water treatment interventions and the 
need for capacity building when introducing interventions in commu
nities and households. It is important to address some factors e.g. by 
gaining more knowledge on how chlorination is actually practised 
(dosing and contact time) and the specific water quality (physi
ochemical and microbial) to customize the dose and avert taste issues by 
overdosing as well as identifying the potential need for a multi-barrier 
approach. 
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Galdos-Balzategui and F. Reygadas; Supervision; writing—review and 
editing, S. Golden, P. Fernández-Ibáñez and J.A. Byrne. 
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