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Abstract. Home based interventions are advocated in rural areas against a variety of diseases. The combi-
nation of different interventions might have synergistic effects in terms of health improvement and cost 
effectiveness. However, it is crucial to ensure cultural acceptance. The aim of the study was to develop an 
effective and culturally accepted home-based intervention package to reduce diarrhoea and lower respira-
tory illnesses in children. In two rural Peruvian communities we evaluated the performance and acceptance 
of cooking devices, household water treatments (HWT) and home–hygiene interventions, with qualitative 
and quantitative methods. New ventilated stove designs reduced wood consumption by 16%. The majority 
of participants selected solar water disinfection as HWT in a blind tasting. In-depth interviews on hygiene 
improvement further revealed a high demand for kitchen sinks. After one year of installation the improved 
chimney stoves and kitchen sinks were all in use. The intervention package was successfully adapted to 
local customs, kitchen-, home–and hygiene management. High user satisfaction was primarily driven by 
convenience gains due to the technical improvements and only secondarily by perceived health benefits.

Keywords. Solar water disinfection, improved chimney stoves, home-hygiene interventions, household 
water treatment, Peru.

1	 Introduction

Globally, more than 2.5 million children under five years of 
age die annually from diarrhoea and acute lower respiratory-
tract infections (Black, et al., 2010). In Peru, recent national 
mortality statistics indicate 14% of deaths in children <5 years 
of age were attributable to acute lower respiratory-tract infec-
tions and 12% to diarrhoeal diseases (INIE, 2007, WHO, 2008). 

Several studies demonstrated that simple, efficient and ef-
fective interventions at household level including improved 
sanitation, personal hygiene and improved water supply are 
cost-beneficial and cost-effective approaches in reducing the 
diarrhoeal disease burden (Mäusezahl et al., 2009, Clasen et 
al,. 2007, Clasen et al., 2008, Ejemont et al., 2008, Hunter et 
al., 2008). A recent systematic review estimated that hand 

washing with soap reduced diarrhoea by 43% and household 
water treatment by 17% (Cairncross et al., 2010). This is espe-
cially important for populations with access to sufficient 
quantities of water of inadequate microbiological quality 
(Esrey et al., 1985). A further type of intervention that can 
reduce the burden of childhood disease is the provision of 
improved chimney stoves. A recent meta-analysis on the im-
pact of household air pollution demonstrated a nearly two fold 
increase in the odds of suffering from childhood pneumonia 
if the child was exposed to smoke from incomplete combus-
tion of household fuels (Dherani et al., 2008). Changing from 
open fires to improved ventilated stoves has been demonstrat-
ed to improve indoor air quality and reduce severe acute low-
er respiratory infections among infants (Smith et al., 2011). 

We carried out a study in Peru to provide a basis for de-
signing a “package” of several interventions to tackle both, 
the problem of childhood diarrhoea and respiratory infec-
tions in a rural area in Peru. This was a pilot study for a 
planned larger programme of interventions carried out in a 
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randomised controlled trial (Hartinger et al., 2011). Though 
single interventions can bring benefits, a package can bring 
greater advantages because of synergistic effects. An integrat-
ed package of home-based health interventions on priority 
child diseases will enhance health gains through synergistic 
effects. Synergy effects can be expected because children in-
fected with one infectious disease become more susceptible to 
other diseases and multiple interventions are able to interrupt 
multiple transmission cycles at the same time. Furthermore, 
interventions addressing several health hazards simultane-
ously are more likely to address the caretakers’ perceived 
benefits leading to more sustainable compliance. Finally, the 
associated costs, especially management costs, are lower if 
multiple interventions are being implemented jointly. 
However, interventions can only bring real benefit if they are 
sustainable. This will only be the case if the interventions are 
culturally acceptable to the beneficiaries, and they need to be 
involved in planning and implementation. 

We describe the approach and the initial testing of an effec-
tive low-cost, home-based intervention package (IHIP) which 
would reduce the household burden of disease (acute lower 
respiratory infections (ALRI) and diarrhoea in children) in ru-
ral communities in the Cajamarca region of Peru. The package 
included the development and evaluation of an improved 
ventilated cooking stove together with a kitchen sink, the pro-
motion of a home-based drinking water treatment technique 
combined with hand washing and hygiene education. Potential 
beneficiaries were consulted about their needs and preferences 
before the project started, and asked about their perceptions 
of the project after a year of implementation. The findings of 
the  randomised controlled trial are published in subsequent 
papers. (Trial registry ISRCTN: 28191222).

2	 Methods

2.1	 Study site

The study was carried out in seven communities in San 
Marcos Province, Cajamarca Region in the northern Andes 
of Peru from May to September 2008. 

The majority of the population relies on traditional open 
fire stoves inside the house called Tulpias for cooking 
(Figure 1). Wood for cooking is gathered or bought for an 
equivalent of US$ 2.5 per 20kg. The firewood usually lasts 
for three to four days with daily use for about six hours in a 
typical family of five members. Water supply systems consist 
of natural spring–or stream water led into reservoirs and 
piped to each rural household court yard. These systems are 
managed by small water boards belonging to each commu-
nity, consisting of community members selected every two 
years. The boards are responsible for organizing and main-
taining the use of the water supply systems, including chlori-
nation. They collect monthly payments from each household, 
equivalent to US$0.35 to cover expenses for repair materials. 
Boards also designate work brigades for draining, cleaning 
and repairing the reservoirs and pipes, especially during the 
rainy season. The reservoir water is restricted to household 
water use (drinking, washing); other uses such as irrigation 
are prohibited and misuse is fined. 

2.2	 Intervention development

There were five steps to selected appropriate technologies 
for drinking water treatment, stove improvements to reduce 
household air pollution, and improvements in household 
hygiene that would be culturally acceptable; i) We consulted 
local authorities and community members twice about ap-
propriate designs and options, ii) We selected households to 
install and test the new devices, iii) we assessed the needs 
and concerns of user families, the general population and 
other stakeholders one month after the interventions were set 
up (August 2009), iv) we validated our surveillance instru-
ments and tested our hygiene messages, and, v) we evaluated 
current use, determinants of adoption, rejections or discon-
tinuation of using the stoves, sinks and water treatment and 
recorded users and non-users’ experiences and general per-
ceptions about the different home-hygiene improvements 
12 months after the IHIP had been implemented. 

2.3	 Study sample

 A total of 115 households were purposively selected. In 
46 of these households we collected water samples to test 
solar disinfection and chlorine residue; in 58 households we 
carried out our control cooking and kitchen performance 
tests and in an additional 11 households open interviews 
and 3 focus group discussions were conducted. We selected 
communities that were currently not receiving any govern-
mental or non-governmental aid or services except for the 
national conditional cash transfer programme JUNTOS 
(JUNTOS, 2010) and the Ministry of Health routine health 
programmes. The households had to fulfilled the following 
criteria: i) use of firewood, charcoal or dung as heating 
material for cooking, and ii) have at least one child aged 
between six and 35 months living at home, and iii) the 
households had to have easy access and be close to the city 
of San Marcos. Informed consent was obtained from all 
households willing to participate.

2.4	 Qualitative assessments of cultural  
acceptability and performance 

We carried out anthropological work; i) to assemble general 
knowledge regarding health (diarrhoea, pneumonia, nutri-
tion, health seeking practices) and hygiene, ii) to determine 
the perceptions of the intervention package after one month 
of introduction in the pilot households, iii) for gathering gen-
eral perception of the community’s main stakeholders of the 
San Marcos Province in order to obtain a better understand-
ing of the local framework conditions for a potential scaling 
up activities, and iv) to assess after one year the experiences 
and perceptions of the improved chimney stoves, sinks, water 
treatment and hygiene messages in the pilot households.

The analysis of the data was done according to the meth-
ods described in Dawson, Manderson and Tallo (Dawson 
et al., 1993) for focus group discussion and standard con-
tent analysis of interview data by grouping themes after 
coding the transcripts and selecting appropriate quotes to 
illustrate findings.
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2.5	 Selection, implementation and quantitative 
assessment of improvements 

The selection of the intervention was done in a truly partici-
patory manner over a month interactive phase, were the study 
personnel become trustworthy and equal partners with the 
community. Thus this approach enable us to gain insights into 
cultural beliefs and potential approaches, this the sole aim of 
ensuring adherence, compliance and sustainable use of the 
interventions beyond the life of the project. 

2.5.1	 Improved Chimney Stoves

We modified an existing and culturally well-accepted stove 
type to improve its performance. We assessed the efficiency of 
three existing stove designs called Tulpia, Tradicional and 
SEMBRANDO stoves and two newly developed stove models 
the OPTIMA-I and OPTIMA-II which were built based on out 
consultations with the communities. In 58 households, we 
purposely selected 16 households to built OPTIMA-I (N=4), 
OPTIMA-II (N=8) and SEMRBANDO (N=4) stoves, to carry 
out control cooking tests (CCT). In the remaining 42 house-
holds our kitchen performance tests (KPT) were conducted.

The Tulpia open fire stove consists of three stones placed in 
a triangle holding one pot at a time (Figure 1a). The design of 
the traditional stove (Tradicional) varies, but usually consists 
of two to three potholders built on two piles of mud bricks 
crossed by a metal rod acting as support for the pots 
(Figure  1b). Traditional stoves neither have a combustion 
chamber nor a smoke removal system. The third model, 
SEMBRANDO, was promoted in a national governmental 
programme. The SEMBRANDO stove consists of an L-shaped 

combustion chamber made from a refractory material with 
two potholes and a flue/chimney (Figure 1c). The fourth and 
fifth models (OPTIMA-I and -II) were newly designed by a 
local manufacturer and built from red burnt bricks, plastered 
with a mixture of mud, straw and donkey manure (Figure 1d). 
Both models had three pot holders, a closed combustion 
chamber, a metal chimney with a regulatory valve, a hood, 
and metal rods that provided structure for the stove. The two 
stoves differed only in the number of red burnt bricks used 
for additional support within the combustion chamber 
(OPTIMA-I: 50 bricks. OPTIMA-II: 100 bricks). The research 
costs of the OPTIMA-II stove were US $57, including materi-
als and labour which took four hours to build. Commercial 
mass production could substantially lower purchasing costs 
in the future. The use of local building materials was an 
essential precondition for facilitating future large-scale 
self-dissemination, manufacturing and repair. 

Quantitative and qualitative measures were used to as-
sess the stoves performance and the preferences of the local 
population in order to choose a model for the intervention 
package to be tested in the forthcoming community ran-
domised evaluation trial. 

We conducted stove performance tests using two standard 
protocols in the family homes: the controlled cooking test 
(CCT) and a kitchen performance test (KPT) (Bailis et al., 
2007, VITA, 2004). We deviated from the CCT-standard pro-
tocol in repeating the test twice, instead of three times. In 
each household we applied the protocol to the existing stove 
and the newly constructed OPTIMA stove using the most 
common wood type Hualango (Duranta cajamarcensis 
Moldenke) (Hartinger et al., submitted). Data was gathered 
once for a 24-hour period for the KPT.

Figure 1. Type of stoves found in the Province of San Marcos and the OPTIMA-II improved chimney stove model.  
a: Open fire “Tulpia”; b: “Traditional” stove; c: government design “SEMBRANDO” stove; d: OPTIMA-II stove.
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Testing tools and hardware included local mud pots, 
timers, two spring scales with a 20kg range (precision 
+/- 0.1kg) to measure remaining unburned wood, charcoal 
and ashes. 

Outcome measures for the CCT included a food-to-fuel ra-
tio calculated as the ratio of fuel used by the amount of food 
for a standard cooked meal. Our standard meal consisted of 
500g of unpeeled potatoes, 500g of rice and 1L of water. In 
order to simulate a normal cooking process, we placed pots 
with water in the other potholes. 

Outcome measures of the KPT were daily fuel use (mea-
sured as the total amount of fuel used in 24 hours), daily en-
ergy use (multiplying by the calorific value), fuel use per 
capita (kg/person) and energy use per capita (MJ/person). 
These measures were normalized by the age-corrected num-
ber of people served at the meal. Person-meals were calcu-
lated as number of adult male (15 – 59 years) equivalents. 
Children under 14 years were weighted by a factor of 0.5, 
adult females and males over 59 years by factor 0.8. We used 
the “Shell Foundation HEH Project Kitchen Performance 
Test: Data and Calculation Form” (Bailis et al., 2007) to cal-
culate the calorific value of wood (18 MJ/kg).

Study funding unfortunately did not allow for to measuring 
indoor household air pollutant levels. Additional funding al-
lowed us to assess carbon monoxide (CO) and particulate 
matter of less than 2.5 microns (PM2.5) only seven months 
into the main trial (Hartinger et al., submitted). 

2.5.2	 Household water treatment (HWT) 

We collected a total of 46 water samples. All samples were 
used to analyze solar disinfection; out of these, 26 samples 
were analyzed for free chlorine and turbidity. 

Initially, various options for household drinking water 
treatment that would complement boiling–method officially 
promoted by the Ministry of Health–were discussed (chlo-
rination, solar water disinfection (SODIS) and ceramic fil-
ters). Twenty three family members completed a blind tasting 
of differently treated waters. SODIS had the highest accept-
ance. The SODIS method is a low-cost HWT; requiring water 
in polyethylene terephthalate bottles (PET) to be exposed to 

direct sunlight for at least six hours in order to accomplish 
purification (Berney et al., 2006, Sommer et al., 2997). To 
test the acceptability and usages of the method, we provided 
four 2L PET bottles (cost per bottle US$ 0.20) to 12 house-
holds. Mother/caretakers were trained in the general applica-
tion of the method in daily practice according to standard 
procedures (www.sodis.ch, Figure 2a). 

There is considerable literature on the efficacy of solar 
disinfection (Sommer et al., 1997), however we decided to 
analysed the purifying effects of UV-light on drinking water 
in our setting, which is characterized by an intensive UV ra-
diation, high altitudes and mild to cold temperatures. Samples 
that were collected from household drinking water supplies 
were placed in 2L bottles exposed to direct sunlight, and test-
ed for bacterial load after 0, 2, 4, 6, 8, 24, 48 and 72 hours. 
Control samples were collected from the same drinking water 
source, placed in 2L bottles and kept in the shade for the same 
time intervals. 

Water samples were analysed for thermotolerant (faecal) 
coliforms using a standard membrane filtration method in the 
Oxfam DelAgua® field kit for water testing. This generated 
countable colonies. Samples were analyzed for the occur-
rence of thermotolerant coliforms and coliforms following 
standard procedures from the 2002 WHO guidelines for 
drinking water quality (WHO, 2008). Results were expressed 
as colony-forming units per 100ml of water (CFU/100ml). 

We also analyzed free chlorine residues and turbidity 
(Nephelometric Turbidity Units) in water samples applying 
standard testing provided in the DelAgua water test kit. 
These tests were done to evaluate whether the water quality, 
of different community drinking water sources (reservoirs), 
had chlorine residue, and, thus, determine if they have been 
chlorinated according to local water quality guidelines. 

2.5.3	 Kitchen sinks and cloths, hand washing,  
and kitchen environment

During our preliminary studies we found a high contamina-
tion rate of total and faecal coliforms on mothers’ and chil-
dren’s hands (Gil et al., submitted). Our aim was to reinforce 
official health promotion messages regarding hand-washing, 

Figure 2. Solar disinfection and study kitchen sinks. 
a: Solar disinfection of drinking water and kitchen cloths; b: Study-built kitchen sink.
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by providing a continuous and abundant flow of water in the 
kitchen area to lower barriers for hand washing at home. We 
installed kitchen sinks with pipes connected to the outside 
tap at US $68 (research costs) (Figure 2b). The price included 
materials (cement, bricks, tubing) and labour. Field workers 
encouraged participants to practice hand-washing according 
to the following procedure: wet both hands, lather them com-
pletely with soap or detergent, rub them for at least 45 sec-
onds, rinse them with water and then dry. Mothers were in-
structed to wash their hands and children’s hands after 
defecation, after changing diapers, before food preparation, 
before eating and before feeding infants and small children– 
ideally with soap or detergent, which were universally avail-
able in local homes. 

The second hygiene message was to eliminate animal 
excreta from the kitchen environment and isolate household 
animals from the kitchen area. This was of particularly impor-
tance, because families in rural Andes areas maintain a close 
relationship with their domestic animals mainly guinea pigs, 
chickens and dogs, allowing them to roam freely within the 
house and the kitchen. Small children are particularly exposed 
to infection from animal excreta because they inevitably 
spend a lot of time in the kitchen with their mothers. 
Compliance was not formally assessed during our evaluation. 

Kitchen utensils and kitchen cloths are an additional poten-
tial source of contamination in the kitchens environment. In 
our study households, the kitchen cloths, called Mallas, were 
identified as the most contaminated utensil in the kitchen. 

2.6	 Ethics

This study was approved by the Nutrition Research Institute 
(IIN) Ethical Review Board and the Cantonal Ethical Review 
Board of Basel, Switzerland (EKBB). All participating fami-
lies provided written informed consent. 

3	 RESULTS

3.1	 Qualitative assessment

Several health topics were addressed during personal inter-
views and focus groups. Our aim was to understand the 
concerns and perceptions of the families with respect to re-
spiratory infections, diarrhoea and nutrition and how the in-
terventions were initially perceived also regarding potential 
benefits and obstacles for sustainable use. 

3.1.1	 General perception about health and hygiene

In general, mothers considered respiratory infections being 
caused by cold weather and changing seasons. To prevent 
children from getting sick, mothers thought that they should 
dress children in warmer clothes. “They usually get the flu 
from the cold and the change of the weather, from that they 
get the flu. Sometimes they get fever and a little bit of diar-
rhoea” (Chuquipuquio Community, mother, 39 years). A 
father from Manzanilla, also commented that “up until now 
my child has been sick of the flu, no other disease. The chil-
dren in Manzanilla get the flu and diarrhoea. The flu occurs 

because of lack of cleanliness and cold weather. When the 
mother is sick, the child will get sick through the breast milk 
and that causes disease… for them not to get sick the mother 
has to wrap up the child and herself with lots of cloths 
(Manzanilla Community, father, 24 years). For some families 
it was evident that wood smoke caused health problems in 
children and in grown-ups, causing eye irritation, problems 
in  the lungs and asthma: “the smoke affects the lung” 
(Chuquipuquio Community, mother 39 years). “The smoke 
irritates the child, the child goes in the kitchen and starts cry-
ing and they can’t breath. They can get a disease if they ab-
sorb the smoke” (Pomabamba Community, father, 20 years). 
In contrast, older women seemed to be accustomed to the 
exposure of smoke. They were also more concerned about 
collecting heavy loads of firewood, back pains from this ac-
tivity, and the time spend for collecting wood, a resource they 
perceived as becoming increasingly scarce.

In almost all in-depth interviews contact with dirty floors 
and children putting dirty hands in their mouths or eating 
with dirty hands were the three exclusively mentioned causes 
for child diarrhoeal illness. Respondents were not aware that 
other family members could also be a source for contaminat-
ing the child while cooking or handling. However, when 
asked about hygiene and hand washing, family members re-
sponded always washing their hands and also reported the 
appropriate times for it: “I wash my hands before I eat my 
food and after I go to the bathroom. We are in contact with 
the dirt, because we work in the fields.” (Chuquipuquio 
Community, mother, 39 years). “I wash my hands with water 
and soap. I wash my hands when I sit down for lunch and to 
go for a walk. My daughter does not wash her hands, her 
mother washes them for her with warm water, but without 
soap because her hands are clean, they don’t get dirty she can 
only sit down, she can not crawl” (Pomabamba Community, 
father, 20 years).

Water was not considered on a causal pathway for acquir-
ing child diarrhoea. Water was perceived as clean and many 
families drunk it directly from the outside water faucets. Only 
few said that they boiled water for drinking, but only for the 
child. As described earlier, natural water source were lead 
into reservoirs, and in theory they were chlorinated. However 
we could not find traces of free chlorine in any of the water 
samples taken directly from the faucets (Gil et al., submit-
ted). We later learned that reservoirs were only cleaned once 
a month with chlorine. When we asked community members 
about the mandatory chlorination of their reservoirs all of 
them expressed that they disliking it due to the taste and fear 
of acquiring disease, such as cancer.

Mothers did not mention nutrition as a health problem, 
either because of denial or because of not being able to rec-
ognize under-nourishment in children. A mother said “they 
[health staff] have told me that my daughter is undernour-
ished, because she is now one year and a half and does not 
gain weight. I don’t think she is undernourished because we 
feed her and she eats fine. Why would she be undernour-
ished? None of my other children ever were.” (Socchagon 
Community, mother, 35 years). “I have not seen an under 
nourished child. They are skinny and do not grow.” 
(Sicsibamba, Community, mother 32 years).
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3.1.2	 Perception after one month of implementation

Initial impressions from participating families were impor-
tant to recognize potential problems. Families from one 
community partly misinterpreted instructions on how to ap-
ply the SODIS method: a mother exposed water bottles (and 
her potatoes) only during the night–because of the purifying 
effects of moonlight. 

Faster cooking and resulting time saving allowed mothers/
caretakers to do a variety of other activities e.g. washing uten-
sils, cleaning and tending their animals. This was recognized 
as one of the most important benefit of the improved chimney 
stoves: “There is less smoke in the kitchen environment, and 
my son is exposed to less smoke. We can cook faster and the 
food remains warm for a much longer time. (Manzanilla, 
Community father, 34 years) Additionally, the same father re-
ported that he acquired the skills to build improved chimney 
stoves and would be ready to assist others when ever they 
build a new stove. Kitchen sinks, provided running water in-
side the household and were considered the most important 
benefit of the IHI package and at large. Repeatedly during 
those initial assessments participating mothers remarked that 

they were initially anxious to participate as they strongly 
feared that foreign organizations and mining companies (com-
mon in the area) come to the region to try and steal their chil-
dren. Those experiences were essential for strategizing our 
approach in the project implementation. 

3.1.3	 Perceptions after one year

All improved chimney stoves and kitchen sinks were being 
used on a daily basis after one year. Sixty six percent of 
households claimed that the stoves were in excellent condi-
tions and that no repairs were needed. However, three house-
holds mentioned that they had to repair their stoves twice 
since the installation. All kitchen sinks were in good condi-
tion and no negative remarks or disadvantages were record-
ed. The amenity of the sinks was highly valued, not only due 
to the increase availability of water but also for facilitating a 
much more time-efficient cleaning of the kitchen environ-
ment: “Before I had to carry the water from outside and did 
not use Ayudin [type of detergent] because I needed a lot of 
water,–now I wash everyday with Ayudin” (Manzanilla 
Community, mother, 32 years). 

Table 1. Results from the Control Cooking Test: Total Cooking Time, and Ratio Food to Fuel.

Stove type Total Cooking Time Ratio Food to fuel

n Mean SD Reduction % pa Mean SD Reduction % pa

(minutes)* (kg/g)**

Open Fire 16 78 16   reference 0.49 0.15   reference

SEMBRANDO 8 95 21 -18 0.07 0.45 0.09 7 0.95

OPTIMA-I 8 52 7 33 <0.0001 0.42 0.08 14 0.46

OPTIMA-II 16 64 14 18 0.006 0.41 0.13 16 0.13

a: Mann Whitney pair wise comparisons, open fires were used as reference group. 
* Time required to start the fire and cook the test meal in the main furnace.
** Grams of wood required to cook a Kg of typical noon meal for a family.

Table 2. Results of the Kitchen Performance Test: Comparison of two stoves types under normal household conditions during 
24 h in terms of total and per capita fuel used and energy consumption.

Stove type Daily fuel 
use (kg)

Fuel use 
per capita 

(kg/
person)

Daily 
energy use 

(MJ)

Energy use 
per capita 

(MJ/
person)

N Mean SD Mean SD Reduction 
%

pa Mean SD Mean SD Reduction 
%

p

Open Fire 23 9.3 3.3 2.8 1.1 167 59 51 29

OPTIMA-II 35 7.8 1.5 2.4 0.7 15 0.08 141 29 43 14 16 0.18

a: Mann Whitney
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Mothers confirmed initial impressions that a key advantage 
of the improved chimney stove installed in their kitchen was 
the additional time freed from supervising the cooking,–time 
they used for other household chores. Consistently they re-
ported less eye irritation among their children and among 
themselves, better health in general and well-being and sig-
nificantly less wood consumption “I cook faster using the 
three pot-holders at the same time. I start to cook at 9:00 to 
10:00am and the food keeps warm until 12:00pm. I can knit 
while cooking” (Manzanilla Community, mother, 29 years).

In contrast to the enthusiastic uptake of the indoor air and 
kitchen hygiene devices the SODIS HWT was adopted and 
continued to be used by 30% of the households after being 
instructed on how to apply the method only once on a single 
household visit at the beginning of the study. To apply a 
household water treatment method (boiling, chlorine) was 
not perceived as necessary; families believed that by cleaning 
the reservoir once a month with chlorine the water supply 
would remain clean. The rainy season was also considered an 
inappropriate time to use SODIS: “We don’t have the bottles 
out, because it started to rain and the water turned green, 
rain, rain and rain, we did not change the bottles any more. 
During the summer yes … the bottles helped…we all drink 
from them…but we did not get used to them when there was 
no sun” (Manzanilla Community, mother, 35 years).

3.2	 Control cooking test and  
kitchen performance test

Table 1 summarizes the CCT results. Data showed that both 
OPTIMA models had a significantly shorter cooking time 

compared to the open fires. Similarly, the OPTIMA stoves 
had a 15% lower ratio of food-to-fuel compared  to the open 
fires; however, this difference was not statistically signifi-
cant. The performance of the SEMBRANDO stove was al-
ways below that of the OPTIMA designs.

Table 2 summarizes the KTP results. Overall the OPTIMA-
II stove showed a better performance compared to the open 
fire stove, showing a 15% reduction in daily fuel and energy 
use and 16% reduction in fuel and energy use per capita. 
However, there was considerable variation and the improve-
ments were not statistically significant. 

Despite the fact that the OPTIMA-I model exhibited a bet-
ter performance in the food-to-fuel ratio, we selected the 
OPTIMA-II to be implemented as part of the intervention 
package, since additional bricks within the combustion 
chamber could provide a longer lifespan and sturdiness. 

3.3	 Solar disinfection

To evaluate the perception regarding home-based water treat-
ment techniques we carried out a blind tasting test, were 
23 household members participated. We poured five glasses 
of differently treated drinking water (boiled, solar-disinfected, 
chlorinated, commercially bottled water and untreated tap 
water) in numbered glasses offered to the blindfolded partici-
pants. About half of the participants preferred the solar disin-
fected water and only 9% favoured the chlorinated water. 

To test the efficacy of SODIS, we collected a total of 
46  water samples from different sources, 10 samples were 
initially uncontaminated and further two had contamination 
levels above the detection limit and, therefore, were not 

Figure 3. Thermotolerent coliforms concentration in water samples after exposure to sunlight in normal sunny days.
Sunny days (n = 22, light grey line); cloudy days (n = 3, dark grey line) and control bottles not exposed to sunlight  
(n = 9, black line).
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included for the analysis. From the remaining 34 samples, 
nine samples were used as controls and 25 samples were ex-
posed to sunlight. Three of those 25 samples were exposed 
during cloudy conditions and were analyzed separately. As 
seen in Figure 3, water bottles exposed to direct sunlight, 
reached on average zero thermotolerant coliform counts after 
eight hours. If the weather was cloudy the bottles reached 
zero thermotolerant coliform, counts after 48h of exposure, 
although the counts were already remarkably lower at 8h of 
exposure. The turbidity ranged between 5 to 30 NTU, only 
one sample had a turbidity of 50 NTU and was filtered before 
exposed to sunlight. 

4	 Discussion

The aim of the study was to exploit in a participatory ap-
proach options for an integrated home-based environmental 
intervention package that would address local needs regard-
ing kitchen hygiene and cooking preferences and result in 
well-perceived convenience gains that would not only lead to 
a higher compliance, but also to reduced households burden 
of disease in a forth coming evaluation trail. The locally made 
OPTIMA-II stove was selected as the best improved chimney 
stove model from several options. Families of two test com-
munities chose the OPTIMA-II stove for scale-up in the sub-
sequent community-randomised evaluation of a home-based 
environmental intervention package to improve indoor air 
quality, drinking water quality and home-hygiene. 

Selection criteria were based on a CCT, where the OPTIMA-
II model had the shortest total cooking time, and smallest 
food-to-fuel ratio. The KPT revealed that OPTIMA-II stoves 
used less daily fuel and energy than other locally available 
alternatives. Mothers’ overwhelming acceptance, sustained 
use and the general perception of a massive convenience 
gain, including substantial time saved were also important 
selection criteria. 

The installation of the kitchen sink facilitated hand wash-
ing with soap, and washing of utensils with detergent, gener-
ated a cleaner kitchen environment and fostered home 
hygiene in general. Since water was available all the time–
with exceptions during the dry season–they were not restrict-
ed in using the kitchen sinks. We did not measure the increase 
in water utilization, but it is known that water availability is 
crucial and as important as water quality for hygiene im-
provements (Esrey et al., 1985 Fewtrell et al., 2005). We plan 
to evaluate the increase of water consumption in the forth-
coming trial in order to distinguish also potential effects of 
increased water quantity on health (Fewtrell et al., 2005). 
Solar disinfection was selected as the HWT by the communi-
ties in a participatory manner. The other two options–chlo-
rination and filtration–rendered unfeasible. Chlorination was 
universally rejected, based on bad flavour and a popular 
belief that chlorine could be dangerous for the health of 
children. We searched for ceramic filters as reliable HWT al-
ternative for this population but could not find any local sup-
pliers. Therefore, SODIS was chosen to be promoted as water 
purification technique in the intervention package. Some au-
thors voiced concerns regarding potentially hazardous agents 
being released from PET bottles when exposed to sunlight 

(Shotyk et al., 2006, Sax, 2009). Recent respective evalua-
tions, however, indicated no negative effects (Ubomba-Jaswa 
et al., 2010) and reported comparable levels of contaminants 
among commercially bottled water (Schmid et al., 2008). To 
address potential negative adherence, our SODIS education 
campaign will address this issues. Additionally, our study 
confirmed that water was disinfected after eight hours of so-
lar exposure as indicated by zero thermotolerant coliform, 
growth. Thermotolerant coliforms counts remained high in 
control samples unexposed to sunlight. These, findings are in 
concordance with evaluations in similar mountainous high 
altitude settings (Boyle et al., 2008). However, the educa-
tional messages of the SODIS method had to be adapted to 
local beliefs; mothers thought that exposing water to direct 
sun could cause health problems, by bloating their stomach 
and, hence, they were reluctant to consume it at first. 
However, it should be noted that in this small scale pilot set-
ting the SODIS HWT was not implemented with the intensity 
as indicated in the published guidelines (www.sodis.ch) or 
when going to scale (Mäusezahl et al., 2009).When mothers 
were told the bottles had to be exposed for one day, they 
agreed to consume the water, because this meant leaving the 
bottles exposed to the purifying effects of the moonlight i.e. 
now being fully compatible with local believes that moon-
light has curative effects on humans and environment. 

A general misconception regarding chlorination of the 
reservoir was identified. Cleaning and maintenance with 
chlorine do not equate chlorination. No chlorine dispenser or 
any other chlorination method was found indicating neither 
current nor passed use. This is consistent with other obser
vations of chlorination used in Latin America (Arnold & 
Colford, 2007, Rufener, et al., 2010). Similar results were 
found when testing the San Marcos and Cajamarca city water 
supplies. No trace of residual free chlorine was found, indi-
cating a regional and not just a local problem. In the study 
area, peoples dislike for the taste and smell and fear of poten-
tial health problems were identified as barriers for the adop-
tion of chlorination as a HWT. There is a need to develop a 
specific intervention to bring chlorination to its full use both; 
in cities in the Cajamarca Region as well as in rural water 
supply systems given that an ubiquitous piped water system 
is the ultimate aim of the national water supply programme.

Our microbiological studies indicated that kitchen cloths 
were heavily contaminated21. Many studies in developed and 
developing countries identified kitchen sponges or dishcloths 
as a source of contamination of food and hands (Sharma et 
al., 2009, Hilton & Austin, 2000). Effective interventions 
like the use of disinfectants, hand washing or more sophisti-
cated treatment options have been developed and globally 
promoted (WSSCC, 2010, Luby et al., 2004). We applied so-
lar disinfection based on UV radiation, to disinfect success-
fully and at no cost the malla’s used in our study area as 
kitchen cloths. 

There are limitations to the study. The sample size used in 
this exploratory study was small. The selected families may 
hence not fully represent the population of the study area, 
although they lived in the same area and under conditions 
similar to the communities envisaged to participate in the 
forthcoming evaluation trail. In the selection of the 
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improved chimney stove, we did not include any evaluation 
regarding the reduction of indoor air emissions, due to bud-
get constraints. Air quality measurements were taken in a 
subsequent study. 

In conclusion, this study identified three promising, home-
based interventions that could be implemented in concert as a 
package and at larger scale. We will evaluate in a community-
based cluster randomised trial the efficacy of an integrated 
home-based intervention package (IHIP) in reducing child 
diarrhoea, ALRI and improving child growth combing an im-
proved chimney stove, a kitchen sink with running water and 
solar drinking water disinfection and kitchen–and food hy-
giene education on child diarrhoea, acute respiratory illnesses 
and growth in 51 rural communities in Peru.
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