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1.0  Project Overview 

1.1 Introduction  
The Passive Water Distillation Project was created to ultimately improve the quality of life in areas of the 
world most affected by water stress, and assist in breaking through the laborious poverty cycle. The final 
goal was to design a sustainable, scalable, and replicable system that can supplement the drinking water 
supply of refugee camps and communities in developing nations. In partnership with Taylor Henry, this 
project consists of the design and construction of a unit which treats dirty or contaminated water and 
produces an effluent that is safe for human consumption. Installing these units in rural communities will 
enable them to focus on building a better infrastructure instead of spending the majority of their 
precious time and resources obtaining potable water for drinking and sanitation. 

The Passive Water Distillation Project also includes a water sampling instruction component which was 
designed to help guide individuals correctly sample their drinking water using a simple, pictorial 
procedure which was specifically developed for Engaged Learning. With the use of the guide, 
communities will be able to accurately collect water samples that can then be analyzed on-site or sent 
to a laboratory for analysis. The purpose of this analysis is to check the current drinking water quality 
and find out what the specific drinking water needs are.  

Henry’s focus was on the quantitative aspects of designing and structuring the product, while I was 
focusing on the qualitative portions of the technology. My role in the project involved developing 
methods for monitoring and controlling necessary water quality parameters to ensure the drinking 
water is clean and safe for consumption. 

1.2 Purpose  
Water use has been growing at more than twice the population increase in the last century. This effect is 
even more pronounced in developing countries. Originally, Honduras was the selected location to 
implement project, and was chosen because it is classified among the areas experiencing the most 
severe, physical water scarcity. Due to undergraduate travel restrictions, the plan to go to Honduras and 
build the Passive Water Distillation unit was not possible during the time frame of the project. However, 
implementation of the Passive Water Distillation unit in Honduras would work to satisfy basic human 
needs while preserving or restoring ecosystems and their functions. Honduras was an excellent 
candidate for testing and implementing the Passive Water Distillation system because it is an equatorial 
region, and the majority of places across the globe experiencing high levels of water stress share a 
similar climate model, as well as similar defining economic characteristics. 

1.3 Basis of Design 
The Passive Water Distillation system operates free of external energy requirements as it utilizes solar 
energy exclusively. The treatment method used in the system is solar distillation. By selecting this 
technology, the system is capable of successfully cleaning water at different levels of contamination, 
from wastewater to rainfall. This is because solar distillation is an evaporative process that is able to 
extract pure H2O and leave behind the other constituents present in the influent water. 
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2.0  Field Sampling Instruction Kit 
Instruction guide cards were developed with the intension to demonstrate the proper collection of a 
water sample in a manner that is simple to follow. The following images shown are meant to be 
published in the form of 8.5 x 11 inch cards. The hope was to train people on the site to sample their 
water and then ship the samples to me for laboratory analysis.  

At the site, water is collected from the source (tap) into a 500 mL polypropylene Nalgene bottle rinsed 
three times with source water. Sample water is immediately transferred into a 10ml polypropylene 
syringe fitted with a 0.45 PTFE filter and a raw unfiltered sample is collected in a 15ml polypropylene 
centrifuge tube. Six aliquots are filtered into 1.5 mL polypropylene microcentrifuge tubes. Two aliquots 
are acidified with 33% HNO3 to ~pH 2. The other four aliquots are unamended. Simultaneously, the 500 
mL of sample water is analyzed for temperature, pH, dissolved oxygen (DO), conductivity, and oxidation 
reduction potential (ORP) using a YSI 556 MPS meter and probe (YSI Incorporated, Yellow Springs, OH). 

2.1 Drinking Water Sampling Guide: Part 1 
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2.2 Drinking Water Sampling Guide: Part 2 
This set of cards is meant to show field samplers how to acidify water samples so that they can be 
preserved for analysis in a water quality laboratory. 
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4.1 Preliminary Data from Honduras 
A sample was sent from the site in Honduras and analyzed in the Water Quality Lab at Southern 
Methodist University. The procedure that was used in the collection of this sample is unknown, and the 
bottle containing the sample was a beverage bottle, see Figure 4-1. The results from the ICP instrument 
shown in Table 4-1 are corrected sample concentrations in ppb (parts per billion) measured at a dilution 
factor of 50.  
 
Usually, when checking basic water quality the elements the focus is on the concentrations of calcium 
(Ca), magnesium (Mg), potassium (K), and occasionally iron (Fe). Other constituents included in analysis 
are the following:  lithium (Li), beryllium (Be), aluminum (Al), vanadium (V), chromium (Cr), manganese 
(Mn), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn), gallium (Ga), arsenic (As), selenium (Se), rubidium 
(Rb), strontium (Sr), molybdenum (Mo), silver (Ag), cadmium (Cd), cesium (Cs), barium (Ba), mercury 
(Hg), thallium (Tl), lead (Pb), thorium (Th), and uranium (U). Most of these elements are typically found 
at very low concentrations so they are assumed to be not a significant source of contamination. For 
example, the presence of arsenic (As) at 2.4 ppb (parts per billion) would be considered a zero value 
because the concentration is so low. However, it is still important to look at the concentrations of all 
possible constituents in order to accurately quantify the drinking water quality. 
 

Figure 4-1: Sample from Honduras 
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Figure 4-2: Prepping Sample for Analysis 

 

 
 

Table 4-2: Concentrations (ppb) of Constituents Present 

 
Li Be Na Mg Al P K 

59.6 0.2 107121.6 33278.2 140.2 181.4 20215.2 
Ca V Cr Mn Fe Co Ni 

19191.1 2.5 12.6 428.3 217.3 2.4 70.8 
Cu Zn Ga As Se Kr Rb 

582.2 28094.5 584.4 2.4 29.0 514.0 31.7 
Sr Ag Cd Cs Ba Tl Pb 206 

373.7 1.6 10.3 0.1 3352.7 -0.6 4.0 
Pb 207 Pb 208 U 

3.9 4.1 1.2 
 

4.2 Influent and Effluent Data 
To demonstrate and measure the water purification capabilities of the Passive Water Distillation unit, 
water contaminated with a high level sodium phosphate was put into the system (Figure 4-3). A sample 
of the water put into the system (Figure 4-5 and 4-6) was collected and analyzed on the IC instrument to 
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be an initial value for comparison and is labeled as Influent in Table 4-2. The treated water that flows 
out of the system (Figure 4-6) was also collected and analyzed on the IC instrument as the final 
concentration and is labeled as Effluent 1 and Effluent 2 in Table 4-2. The IC instrument ran each of the 
three samples in triplicate as shown on Table 4-2, and a calibration curve for phosphorus was developed 
on the same day the samples were run, see Figure 4-7.  

The comparison of these concentration values shows that the Passive Water Distillation system is 
capable of adequate removal of contaminants. The effluent concentration flowing into the collection 
contained significantly lower amounts phosphorus at an average of 0.03 ppm or 30 ppb in comparison 
to the influent water that was contaminated with phosphorus at a level of approximately 7 ppm or 700 
ppb. The dramatic decrease in concentration demonstrates that the system has verifiable and efficient 
removal capabilities, effectively cleaning water and making it safe to drink. 

Figure 4-3: Adding Sodium Phosphorus to Water 
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Figure 4-4: Contaminated Influent 

 

 

Figure 4-5: Influent Dispenser 
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Figure 4-6: Effluent Collection Bucket 

 

 

Table 4-3: Phosphate Concentration (ppm) 
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Figure 4-7: Calibration Curve 

 

4.3 Discussion 
When taking a closer look that the concentrations of constituents present in the sample from Honduras, 
several observations and inferences can be made. Sodium (Na), magnesium (Mg), and manganese (Mn) 
are all present at normal levels compared with recommendations made by the World Health 
organization as well as the US Environmental Protection Agency. Potassium (K) and calcium (Ca) are 
present at a reasonable level compared with recommended standards. Aluminum (Al) and cadmium (Cd) 
are slightly higher than usual, but it do not exceed standards enough to be considered threatening. All 
other concentrations are classified as normal except for the zinc (Zn) concentration.  

The most notable result from Table 4-1 is the extremely high level of zinc. The concentration of zinc in 
the Honduras sample is 28 ppm. According to the World Health Organization, the highest recorded 
concentration for zinc in drinking water is around 24 ppm. Compared with standards set by the US 
Environmental Protection Agency for secondary drinking water standards, the threshold is 5 ppm. Any 
concentration above 5 ppm is thus considered an abnormal amount. Likely causes of high zinc 
concentrations in drinking water include leaching from pipes and fittings. Galvanized steel pipes and 
fittings contain zinc and could potentially be a source of zinc contamination. It is possible that the site in 
Honduras uses galvanized steel pipes in their plumbing, but it is not known. 

The existing concentration for zinc of 28 ppm is questionable. Upon further investigation, the high zinc 
concentration was reproducibly the same value given by the ICP instrument for several different runs. 
Therefore, it can be confirmed that the zinc concentration shown in the table is valid and actually 
present in the sample. WHO and USEPA report that high concentrations of zinc significantly affect the 
taste and appearance of water so it is likely that consumers are aware there is a problem. No such 
complaints with the Honduras site’s drinking water taste or appearance are known. Additionally, since it 
is not known how the sample was collected or preserved it is necessary to obtain further samples from 
this source to adequately assess the situation.

 


