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Introduction 
 

Water is a necessity for human life.  In many developing countries or in the aftermath of a 
disaster, the amount of clean water available for use and consumption can be severely limited. 
One inexpensive, relatively simple means of improving water quality is slow sand filtration 
(SSF). From our own experience and from many other studies [1,2,3] it has been shown that 
slow sand filtration can remove approximately 90–99.9% of total coliform and E. coli from the 
input water. If the quality of the feed water, however, is poor, total coliform and E. coli may still 
be present in the output from the SSF.  

There are a number of point of use methods that can be used after SSF to further improve 
water quality. In keeping with what is available in third world countries or disaster hit areas, the 
method should be inexpensive, reliable, easy to use and easy to maintain. One simple method is 
addition of a disinfectant chemical such as sodium hypochlorite to the sand filtered water. The 
cost is low, however, there is some complexity to calculating the proper dose of chemical. If the 
dosed amount is too low, adequate disinfection may not be achieved. If, on the other hand, the 
dose is too high, the unpleasant taste and smell may discourage use of the water.[4] With the use 
of chlorine, there is also the problem of the formation of disinfection by products some of which 
are considered carcinogenic.[5,6] 

A better choice may be a UV disinfection unit, which can be as simple as a tube containing 
a germicidal lamp. The disinfection occurs when the input water is exposed to the UV irradiation 
produced by the lamp. Dosing is taken care of primarily in the construction of the unit and UV 
disinfection produces no known disinfection by products.[7]  

A commercial UV unit able to handle flows of 500 ml/min can be as inexpensive as $100 
but may not be readily available at that price everywhere in the world. It is possible to make a 
UV unit for half that cost, but more importantly aside from the germicidal lamp, it can be made 
with locally available materials. A UV unit was made by following a plan presented in a 
Master’s project paper entitled “The UV-Tube as an Appropriate Water Disinfection 
Technology: An Assessment of Technical Performance and Potential for Dissemination” by 
Alicia Cohn. 

The UV unit in the paper was designed so that the germicidal bulb is hung over the input 
water. The water is exposed to UV irradiation as it travels from the input to the output. It is 
relatively easy and inexpensive to purchase a 15W 18” germicidal lamp. It is much harder and 
more expensive to find a germicidal lamp that can be submersed in the sample. Having a bulb 
that is hung above the input water also prevents the problem of lamp fouling by the input water. 

A 15W 18” germicidal lamp, was attached to the top of a 4” diameter 20” long PVC pipe. 
Because ultraviolet radiation is known to degrade plastic, the PVC pipe was lined with 
galvanized steel sheeting used for roofing. Stainless steel is also generally accepted as a safe 
material to use with UV light but galvanized steel is less expensive and readily available because 
of its use for gutters and flashing. The galvanized steel sheet was epoxyed to the pipe so that no 
water would be caught between the sheet and the pipe. Plastic pipe end caps were used to seal 
the ends of the PVC pipe. Tubing was used to deliver water into and out of the pipe. The height 
of the exit tubing inside the pipe determined the maximum depth of the input water and the 
maximum flow rate that could be achieved. The homemade UV unit cost approximately $45. 

After assembly, flow was tested through the unit using both gravity and a pump. It was able 
to achieve a maximum flow rate of 300 ml/min.  
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Mechanism of Disinfection 
 

UV light is generally defined as any wavelength of electromagnetic radiation shorter than 
400 nm. UVA comprises wavelengths from 315–400 nm; UVB from 280–315 nm; and UVC 
from 200–280 nm.   

Ultraviolet light adsorption by bacteria is due chiefly to purine and pyrimidines of nucleic 
acids with maximum adsorption occurring at 260–265 nm (UVC). The adsorption of UVC 
causes alterations in the DNA which block replication. There is, however, a potential for the 
bacterial cells to repair themselves either in the dark or by exposure to visible and near UV 
light.[8]  
 
 
Dose 
 

Dose is the product of irradiance and exposure time. Irradiance is a function of the bulb and 
it decreases with distance from the bulb. The geometry of the UV unit and the composition of the 
input water will determine how quickly the irradiance decreases with distance from the bulb.  
Exposure time of the sample is governed by the geometry of the UV unit.[9] 

The performance of the UV unit is also affected by the quality of the input water. UV light 
is adsorbed by certain substances in the water including natural organic matter (NOM), nitrate, 
iron, and manganese. As the amount of these materials in the water increases, absorbance of UV 
light by them increases and transmittance decreases.[10] 

We did not choose to design a system such that the lowest dose received by any of the 
input water is sufficient theoretically to achieve a certain amount of disinfection. Instead we 
chose to follow the simplest plan and then evaluate performance of the system on an 
environmental sample.  

 
 

Methodology 
 

Input water was fed through the  homemade UV unit using a Masterflex peristaltic pump at 
a specific flow rate. Total coliform and E. coli or fecal coliform were monitored before and after 
UV treatment. To give a better idea of overall performance, sample collection following UV 
treatment occurred over a period of 20–30 minutes. Total sample collected was 1L. The 
homemade unit was constructed so that power could be supplied either by direct current—the 
unit was plugged into an electrical outlet—or by using a solar panel. This allowed a performance 
evaluation of the UV unit itself without the added variable of power supply. For comparison, 
input water was also treated by a commercial UV unit, SunPure Model UST-200EB. 

The amount of total coliform and E. coli were initially assayed using IDEXX, a 
commercial MPN system. However, part way through the study, difficulty reading the results of 
samples containing sewage were encountered which forced a switch to membrane filtration. 
Percent reduction of a microorganism after treatment was calculated using the formula  
(1 – (Ci/Co))*100. 

IDEXX is a commercial most probable number system that uses a defined substrate 
technology to measure both total coliform and E. coli simultaneously. If total coliform are 
present in the sample, the B-galactosidase present in the total coliform act on ONPG in the 
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IDEXX reagent, which is called Colilert 18 and turn the sample yellow.  If E. coli are present in 
the sample, they contain B-glucuronidase which acts on the MUG in the Colilert 18 and turns the 
sample fluorescent blue under long wave UV light. The results are reported as most probably 
number (MPN)/100 ml. Colilert 18 is EPA approved and is included in Standard Methods for the 
Examination of Water and Wastewater.[11] 

Membrane filtration consists of filtering a sample through a 0.45 µm filer. Anything larger 
than 0.45 µm, which includes the bacteria, remain on the top of the membrane filter. The filter is 
then placed on a specific agar medium containing not only necessary nutrients but often selective 
and differential reagents which help separate the bacteria of interest from the rest. For total 
coliform the medium used was mEndo-LES and for fecal coliform the medium was mFC agar. 
Each positive colony is assumed to be the product of one bacteria. Colonies are counted; adjusted 
for inoculum size and any dilution and reported as colony forming units (CFU)/100 ml.   
Membrane filtration is EPA approved and included in Standard methods for the Examination of 
Water and Wastewater.[12] 

The input water was Manoa Stream or Manoa Stream mixed in various ratios with primary 
effluent from Honouliuli Wastewater Treatment Plant. The stream and wastewater mix contained 
more bacteria and more natural organic matter than the stream alone and therefore was a more 
challenging sample. 

A variety of flow rates were used ranging from 55 ml/min to 300 ml/min. The lower the 
flow rate, the longer the sample is exposed to the UV light which should lead to increased 
disinfection of the sample. All the flow rates are within the limits of production by a slow sand 
filter. 

The solar panel was a 20 watt Siemens model SM20 solar panel. Total solar irradiance 
was recorded during the experiments but was unhelpful in predicting when the solar panel would 
generate enough power to keep the germicidal lamp on. It was easier to moniter when the 
germicidal lamp in the unit was “on”. The lamp should not be viewed directly with unprotected 
eyes, but the blue light of the lamp could be seen on the exit tubing. 
 
 
Results 
 
1) The homemade UV unit was first evaluated to see if its performance was comparable to a 

commercial unit. Both the homemade and commercial unit were run with Manoa Stream 
water or Manoa Stream spiked with wastewater (WW) using direct current as the power 
source. 

 • Tables 1 and 2 show that at all flow rates and even with starting bacterial numbers in the 
 100,000 range, the homemade unit performed as well as the commercial unit. 

 • Table 3 shows the results of the same kind of experiment but with even higher starting 
 numbers of total coliform and E. coli. Unfortunately the only assays that could be read 
 accurately were those done at the highest flow rates. Because disinfection is usually better 
 at lower flow rates (longer exposure time of the sample to UV), the results at 55 ml/min 
 and 170 ml/min were probably the same or better than that at 285 ml/min. 

2) The homemade unit was then tested using the solar panel as the source of power. The 
homemade unit was also run using direct current. First tests were done on the lawn in front of 
Holmes Hall.   
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 • In Table 4 the stream water was assayed with IDEXX, and the stream water spiked with 
 sewage was assayed using both IDEXX and membrane filtration.  Because of the difficulty 
 reading the IDEXX results on the samples with sewage, the membrane filtration results 
 were used. In all later experiments, total coliform and fecal coliform are assayed by 
 membrane filtration. 

    The homemade unit powered by the solar panel reduced total coliform by 98–99.9% 
 and E. coli or fecal coliform by 98–100%. Lower flow rates result in better disinfection 
 than the  high flow rates. With identical flow rates, when the homemade unit is run by 
 direct current, there is greater reduction in both microorganisms than when the unit is run 
 by the solar panel. It may be that any slight shadow on the solar panel, a cloud or bird for 
 example, causes the power to drop and the germicidal lamp is momentarily off leaving 
 some sample untreated. 

 • Table 5 is another example of the results when using the homemade unit powered by the 
 solar panel. Although there is little or no reduction in either bacteria in the first three 
 samples, samples done a few hours later on the same day show at least 90% reduction in 
 total coliform and at least 88% reduction in fecal coliform. It was observed during the 
 sample runs that the unit turns off frequently—the solar panel is not able to provide 
 consistent adequate power to keep the germicidal lamp on. The last sample was processed 
 using the UV unit powered by direct current. The resulting 96% reduction in total coliform 
 and 99.8% reduction in fecal coliform can probably be considered the “best” the 
 homemade unit can achieve on this particular sample. 

    Again, better disinfection is obtained with the lower flow rate.   

 • Table 6 shows the results of the experiment done on the roof of Hawaii Institute of 
 Geophysics building. An attempt was  made to use the solar panel under optimal 
 conditions—a very hot, very sunny, cloudless  day.   

    The homemade unit with solar power performed as well as the handmade unit with  
 direct current. With solar power the reduction in total coliform is 98.48% and 99.95%, 
 while with direct current, the reduction is 99.96%. The same is true for fecal coliform. 

    The stream spiked with sewage was also run through a commercial unit powered by 
 direct current. The reduction in total and fecal coliform was more than with the handmade 
 unit powered by direct current. This may be because, in the commercial unit, the sample 
 flows completely around the germicidal lamp rather than flowing below the lamp as in the 
 homemade unit.  

 
 

Conclusions and Recommendations 
 

The homemade UV unit was cheap and fairly easy to make. It did not require any 
sophisticated equipment. 

The homemade UV unit performance was comparable to the commercial UV unit. 
The solar panel was not able to provide consistent and adequate power to the homemade 

UV unit. Instead of looking for a bigger or better performing solar panel, we would recommend 
looking for a germicidal lamp with a lower wattage. Ideally, it would be a submersible 
germicidal lamp. 
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Table 1. Percent reduction of total coliform and E. coli in samples after treatment with the 
 homemade UV unit and a commercial UV unit. 

Total Coliform E. coli 
Sample/Treatment Flow Rate 

(ml/min) (MPN/100 ml) 
%  

Reduction* (MPN/100 ml) %   
Reduction* 

Manoa Stream  1.58E+04  1.31E+03  

Stream/Homemade UVa  55 <1 100% <1 100% 

Stream/Commercial UVb  55 <1 100% <1 100% 

Stream/Homemade UV  170 <1 100% <1 100% 

Stream/Commercial  170 1 100% 1 100% 

Stream/Homemade  285 <1 100% <1 100% 

Stream/Commercial  285 1 100% <1 100% 
* % Reduction = (1 – (Ci/C0))*100. 
aStream/Homemade UV = stream water treated by the homemade UV unit. 
bStream/Commercial = stream water treated by a SunPure Model UST 200 EB UV unit. 
 
 
 Table 2. Percent reduction of total coliform and E. coli in samples spiked with wastewater  
  after treatment with the homemade UV unit and a commercial UV unit. 

Total Coliform E. coli 
Sample/Treatment 

Flow 
Rate 

(ml/min) (MPN/100 ml) 
%  

Reduction* (MPN/100 ml) %   
Reduction* 

Manoa Stream+WW (10:1)a  8.29E+05  3.36E+05  

Stream+WW/Homemadeb  55 <1 100% <1 100% 

Stream+WW/Commercialc  55 <1 100% <1 100% 

Stream+WW/Homemade  170 <1 100% <1 100% 

Stream+WW/Commercial  170 1 100% <1 100% 

Stream+WW/Homemade  285 1 100% 1 100% 

Stream+WW/Commercial  285 1 100% <1 100% 
* % Reduction = (1 – (Ci/C0))*100. 
sStream+WW (10:1) = the sample is stream water mixed with wastewater in a ratio of 10:1. 
bStream+WW/Homemade = stream water mixed with wastewater is treated by the homemade UV unit. 
cStream+WW/Commercial = stream water mixed with wastewater is treated by a SunPure UV unit. 
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 Table 3. Percent reduction of total coliform and E. coli in wastewater spiked samples  
  after treatment with the homemade UV unit and a commercial UV unit. 

Total Coliform E. coli 
Sample/Treatment 

Flow 
Rate 

(ml/min) (MPN/100 ml) 
%  

Reduction* (MPN/100 ml) %   
Reduction* 

Manoa Stream+WW (3:1)a  6.97E+07  1.61E+07  

Stream+WW/Homemadeb 285 <10 99.999% <10 99.999% 

Stream+WW/Commercialc 285 <10 99.999% <10 99.999% 
* % Reduction = (1 – (Ci/C0))*100. 
aManoa Stream+WW (3:1) = the sample is stream water mixed with wastewater in a ratio of 3:1. 
bStream+WW/Homemade = stream water mixed with wastewater is treated by the homemade UV unit. 
cStream+WW/Commercial = stream water mixed with wastewater is treated by the SunPure UV unit. 
 
 
Table 4. Percent reduction of total coliforms and E. coli or fecal coliforms after treatment 
 by the homemade UV unit when powered by a solar panel. 

Total Coliform E. coli 
Sample/Treatment 

Flow 
Rate 

(ml/min) (MPN/100 ml) 
%  

Reduction* (MPN/100 ml) %   
Reduction* 

Manoa Stream  1.83E+04  2.40E+02  

Stream/UV Suna 300 1.09E+02 99.404% 4.1 98.292% 
 

Total Coliform Fecal Coliform 
Sample/Treatment 

Flow 
Rate 

(ml/min) (MPN/100 ml) 
%  

Reduction* (CFU/100 ml) %   
Reduction* 

Stream+WWb  7.00E+06  3.44E+06  

Stream+WW/UV Sunc 100 1.12E+03 99.984% 0 100% 

Stream+WW/UV Sun 300 8.76E+04 98.749% 1.68E+04 99.512% 

Stream+WW/UV 
Electricityd 

300 3.72E+03 99.947% 16 98.999% 

Note: The stream water samples were analyzed with the IDEXX system. Because of a technical difficulty, the stream and 
wastewater mix was analyzed using membrane filtration. 
* % Reduction = (1 – (Ci/C0))*100. 
aStream/UV Sun = stream water is treated by the handmade UV unit which is powered by a solar panel. 
bStream+WW = the sample is stream water mixed with wastewater in a ratio of 5:1. 
cStream+WW/UV Sun = stream water spiked with wastewater is treated by the homemade UV unit which is powered by a solar 
panel. 
dStream+WW/UV Electricity = stream water mixed with wastewater is treated by the homemade UV unit which is powered by 
direct current.  
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Table 5. Percent reduction of total coliforms and fecal coliform in samples after treatment 
 by the homemade UV unit when powered by a solar panel. 

Total Coliform Fecal Coliform 
Sample/Treatment 

Flow 
Rate 

(ml/min) (MPN/100 ml) 
%  

Reduction* (CFU/100 ml) %   
Reduction* 

Manoa Stream  3.72E+04  3.08E+03  

Stream/UV Suna 100 3.92E+04 no reduction 4.40E+02 85.714% 

Stream/UV Sun 300 4.04E+04 no reduction 3.63E+03 no reduction 

Stream+WWb  1.28E+07  2.56E+06  

Stream+WW/UV Sunc 100 5.56E+05 95.656% 5.48E+03 99.786% 

Stream+WW/UV Sun (A1) 300 1.18E+06 90.781% 3.00E+05 88.281% 

Stream+WW/UV Sun (A2) 300 4.84E+05 96.219% 4.12E+03 99.839% 

* % Reduction = (1 – (Ci/C0))*100. 
aStream/UV Sun = stream water is treated by the homemade UV unit which is powered by a solar panel. 
bStream+WW = stream water is mixed with wastewater in a ratio of 5:1. 
cStream+WW/UV Sun = stream water mixed with wastewater is treated by the homemade UV unit which is powered by a solar 
panel. 
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Table 6. Percent reduction of total coliforms and fecal coliform in samples after 
 treatment by the homemade UV unit powered by a solar panel under optimal 
 solar conditions. 

Total Coliform Fecal Coliform 
Sample/Treatment 

Flow 
Rate 

(ml/min) (MPN/100 ml) 
%  

Reduction* (CFU/100 ml) %   
Reduction* 

Manoa Stream  1.60E+04    2.60E+02   

Stream/UV Suna 100 20  99.875%  12  95.385% 

Stream/UV Sun (A1) 300 44  99.725%  0  100% 

Stream/UV Sun (A2) 300 28  99.825%  0  100% 

Stream/UV Electricityb 300 28  99.825%  0  100% 

Stream+WWc   5.80E+06    1.80E+06   

Stream+WW/UV Sun (B1)d 100  7.88E+02  99.986%  1.32E+02  99.993% 

Stream+WW/UV Sun (B2) 100  3.08E+02  99.994%  80  99.996% 

Stream+WW/UV Sun (C1) 300  8.80E+04  98.483%  7.96E+02  99.956% 

Stream+WW/UV Sun (C2) 300  2.80E+03  99.952%  6.64E+02  99.963% 

Stream+WW/UV 
Electricitye 

300  2.28E+03  99.961%  7.64E+02  99.958% 

Stream+WW/Commercial 
Electricityf 

300  84  99.998%  6  99.999% 

* % Reduction = (1 – (Ci/C0))*100. 
aStream/UV Sun = stream water is treated by the homemade UV unit which is powered by a solar panel. 
bStream/UV Electricity = stream water is treated by the homemade UV unit powered by a direct current. 
cStream+WW = stream water is mixed with wastewater in a ratio of 5:1. 
dStream+WW/UV Sun = stream water mixed with wastewater is treated by the homemade UV unit which is powered by a solar 
panel. 
eStream+WW/UV Electricity = stream water mixed with wastewater is treated by the homemade UV unit which is powered by 
direct current. 
fStream+WW/Commercial Electricity = stream water mixed with wastewater is treated by the SunPure UV unit which is powered 
by direct current. 
 
 




