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Abstract 

Colombia, due to its geographical 
position, receives a high solar radiation 
throughout the year. This implies that the 
country has great potential for solar 
energy production, but can also use this 
resource to enhance the living conditions 
of its inhabitants by using solar radiation 
to improve the quality of drinking water. 
 
Mainly in rural areas, the country has 
serious problems with drinking water for 
its inhabitants. This generates high 
morbidity and mortality, especially in 
children under five. 
 
The main purpose of this preliminary 
work was to investigate if weather 
conditions in northeastern Colombia 
permit to use the sun's energy to disinfect 
water from water sources which are 
normally heavily contaminated. The 
results are encouraging and may lead to 
establish programs for appropriate use of 
this technology in areas where the 
construction of treatment plants very 
difficult. 
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1. Introduction 
 
Due to its geographical position 
Colombia has a great availability of solar 
energy throughout the year. Overall, the 
country has a good sun energy potential 

throughout the territory, with a daily 
average multi-year close to 4.5 kWh / m2. 
The region with the highest solar 
radiation in the country is the peninsula of 
La Guajira and maximum values are  
presented in the month of July, with 
averages higher than 7.6 kWh/m2 . This 
value gradually decreases until 
December, when the minimum value of 
6.2 kWh/m2  is obtained. With the same 
behavior during the year, followed by the 
middle of the geographic valley of Cauca 
river, the Magdalena River valley to the 
Atlantic coast and the area of Cucuta. The 
extreme values occur in July and 
December values of 7.6  and 5.2 
kWh/m2 , respectively. 
 
In the Amazon, however, the maximum 
value occurs in October with 3.8 kWh/m2. 
In the Andean region excels 
Cundiboyacense, with peaks in February 
at levels of 5.6 kWh/m2, then gradually 
descend until June, minimum 4.8 
kWh/m2; again gradually increase until 
September, to descend until November. 
The rest of the Andean region has the 
same behavior during the year with lower 
values, with extremes of 4.6 and 
3.7 kWh/m2 of February and June. 
 
Areas with lower levels of radiation are 
the pacific coast and the foothills ranger 
in the surrounding area of Villavicencio, 
averaging less than 300 kWh/m2 ; during 
the year they have little variability, with 
the months of March and April the most 
radiation, while November and December 
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are characterized by lower radiation 
months, with extreme values of 3.7 and 
3.2 kWh/m2 (1). Specific information on 
solar radiation in different regions of 
Colombia can be seen in Figure 1. 
 

2. Drinking water in Colombia 
 

The environmental factors that contribute 
to premature deaths in Colombia are air 
pollution and indoor and outdoor water 
conditions, sanitation and hygiene (2). A 

study of the social and economic costs of 
environmental degradation in Colombia 
shows that "the adverse health effects 
related to environmental degradation are 
higher than in other countries with similar 
income levels, reaching a mortality and 
morbidity cost 2.8% of GDP" (3), which 
corresponds to approximately 5.2 billion 
pesos a year. The annual cost attributable 
to weather conditions, sanitation and 
hygiene in Colombia represent about 
1.1% of GDP (2). 

 
 
 

 
 

 

 

 

 

 

 

  

                           

 

                                     Figure 1. Colombia map of solar radiation. UPME, I. (1). 

 

According to report by the Ministry of 
Health and Social Protection (4), in 2013, 
large urban centers, departmental capitals 
and the majority of intermediate cities 
were supplied with good quality water, 
while conditions of water supply in 
smaller municipalities and rural areas of 
the country presented a high health risk. 
This condition affects 30% of the 
population. 
 

In rural areas of the country, especially in 
the North Santander department, 
the socioeconomic conditions limit and 
restrict the use of a proper process of 
water treatment and disinfection of the 
same, which causes health problems in 
communities. This fact allows us to 
conclude the urgent need to propose easy 
solutions and immediacy that allow 
resolve this situation. 
 

Republic of Colombia 

Map of solar radiation 
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Currently, the most commonly used 
disinfectant is chlorine. This method of 
disinfection required technical personnel 
and appropriate equipment to control the 
dosage, which increases costs in the water 
treatment process. 
 
Among the different existing alternative 
technologies for water disinfection, 
disinfection by solar energy, could be a 
good choice for the people of the 
Colombian countryside. This technology 
based on a cheap and renewable resource 
has shown to have the potential to achieve 
safe drinking water with minimal 
investment cost, when compared to 
traditional methods used in the country. 
 

3. Solar disinfection 
 

Solar disinfection (SODIS) of water in 
plastic bottles, is a well-known water 
treatment method utilized in communities 
lacking water treatment infrastructure. 
Water disinfection using solar energy has 
gained importance from research 
conducted by Acra and colleagues at the 
American University of Beirut (Lebanon) 
who found that the flow of ultraviolet 
radiation necessary to obtain inactivation 
levels of the order of 90- 99.9%  of 
Streptococcus faecalis, Escherichia coli 
and coliform was in the range of 6.36- 
26.72 Wh / m2 (5,6). 
 
Solar disinfection has been investigated 
by EAWAG / SANDEC Swiss institute 
who have proposed this process for 
treating small amounts of water. This 
technology has also been studied by 
different researchers under a variety of 
weather conditions (7,8,9,10, Dessie, A.et 
al, 2014). Different results have been 
obtained but they show a good possibility 
for using the method for treating water 
under good radiation conditions. 

4. Methods 

The main purpose of this preliminary 
work was to test the efficiency of the 

solar disinfection method under the 
climatological conditions of the northeast 
zone of Norte de Santander, in Colombia. 
The first step included analysis of the 
behavior of different material related to 
transmission of ultraviolet radiation. 
Samples of common materials used for 
packaging or bottling such as glass, 
polyethylene tereftatato (PET), 
polypropylene (PP), low density 
polyethylene (LDPE), were analized  for  
UV transmission. A radiometer (MG-
UVB-101) calibrated by the Institute of 
Hydrology, Meteorology and 
Environmental Studies of 
Colombia,(IDEAM) was used in the 
experiments. 

The proper amount of time needed to 
provide adequate disinfection and the 
effect of the plastic covering were both 
determined from solar exposure 
experiments. Sample water, simulating a 
possible unfit drinking water source was 
collected from a local river with heavy 
microbiological contamination. 
 
The quality of water was quantitatively 
assessed through the enumeration of 
colony-forming units (CFUs) of total 
Coliforms and Escherichia coli, which 
was used as an indicator organism for 
fecal contamination. Analysis were 
performed following the Colombian 
technical standards, NTC ISO 5667-3, 
NTC 3645, NTC 3651, NTC 4707 and 
NTC 4772. 
 
The water was then exposed to sunlight 
for one, three, five and eight hours. Air 
and water temperatures were recorded at 
each sampling. 
 
Two liters PET containers, two liters 
glass and polypropylene bottles and two 
liter bags of low density polyethylene 
were used as reactor vessels. In order to 
evaluate the impact of physical 
interventions on the efficiency of 
microbial inactivation, the back of the 
half of the reactors was painted black. 
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5. Results 
 
The laboratory analyses were performed 
at around five turbidity levels to observe 
five data sets on different days. All the 
samples were analyzed for 
turbidity, bottle temperature, atmospheric 
temperature, and pH. The pH value of all 
the samples ranged between 6.5 and 7.5 
during the entire experiment cycle. 

For PET, at one hour the inactivation was 
10,7% for Coliforms and 23% for E. Coli. 
For five and eight hours the results were 
similar: 99,9% for inactivation 
of Coliforms and E. Coli. Inactivation 
decreased with turbidity, but still at 120 
NTU a 95.2 % of inactivation 
of Coliforms and 97% of E. Coli was 
reached. In some samples, after five hours 
of exposure microbial regrowth was 
found. 

 

6. Conclusions 

The inactivation of pathogens in 
contaminated natural water  was 
investigated. Three different transmisor 
materials were analized. The best material 
for solar disinfection appeared to be 
polyethylene terephthalate, PET. The 
results of solar disinfection experiments 
conducted under local conditions are very 
encouraging. An average of 99,9% 
of microorganism inactivation was 
reached in 5 and 8 hours of exposure. 
More research should be done in order to 
find a process for treating larger amount 
of water. 
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