
Figure 6. A) pe-pH diagram describing As speciation at each site. In oxi-
dizing environments, As (+5) predominates, while As (+3) tends to pre-
dominate in reducing environments. B) pC-pH diagram describing B 
speciation at each site, reflecting the dominance of different species of 
boron for different pHs. C) Relationship between total arsenic concen-
trations and total iron concentrations. D) Borax solubility as a function 
of pH. Higher pH favors removal of boron from solution, so the ability 
to increase the pH of acidic sources will be an important factor for filtra-
tion. Source: Pastén and Pizarro, 2008.
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Drip Irrigation

Estimated Cost: 
$5.00 USD / 215 ft2

Function: To irrigate crops while conserving precious wa-
ter. Drip irrigation can provide water savings up to 30-70 % 
while delivering precise amounts of moisture. Five units are 
needed. Drip irrigation saves water and fertilizer by allowing 
water to drip slowly to the roots of plants, either onto the soil surface or directly onto the root zone, through 
a network of valves, pipes, tubing, and emitters.

Challenges: Cultural barriers are the largest boundary to implementing this technology. The system is easy to 
learn but requires large initial time investments to learn how to optimize flow for individual crops. Possibili-
ties for incorporating solar power for pumps are available.

Solar Distillation Units

Estimated Cost: $500.00 USD / 1,075 ft2

Function: To provide boron and arsenic-
free water for the purpose of crop-irrigation. 
A solar still is a low-tech way of distilling 
water, powered by the heat of the sun. 
Impure water is contained outside the 
collector, where it is evaporated 
by sunlight shining through the 
clear plastic. The pure water 
vapor condenses on the 
inside plastic surface 
and drips down 
into the collection 
groove and 
removed.

Challenges: 
Throughput. 
Distillation of water is 
infamously energy-intensive. In the 
desert, however, this energy is free. Solar 
distillers also have a large footprint. Since drip 
irrigation is so much more efficient, water from solar 
distillation will go three times as far compared to 
traditional irrigation techniques.

Dry Composting 
Toilets

Estimated Cost: $25.00 
USD / Toilet

Function: To provide 
nutrient-rich “humanure” 
for small family-sized 

gardens since distilled water 
is void of essential nutrients for 

growth. In a five-person family, the dry 
composting toilet will be able to provide 100 ft3 per 
year of fertilizers. 

Challenges: The biggest challenge is overcoming 
the obvious cultural barriers since the idea of dry 
composting is not common to the region. Other 
challenges include proper waste removal, supply of 
dry wood chips or similiar organic cover material, 
and maintenance.

OBJECTIVE: Design, implement, and test a cultural appropriate, affordable water system that provides 
safe irrigation water for a 5-person family in Los Molinos, Arica, Chile for a 1,200 ft2 garden.

By taking advantage of the natural resources in the region (namely solar 
energy and human waste), this system aims to function sustainably with little 
to no need for expensive interventions. These simple technologies require less energy, 
expertise, and financing than other alternatives, such as reverse osmosis for water filtration. Since 
the people of Los Molinos have limited variety of foods due to high boron concentrations, the ability to grow small, 
family-sized gardens full of leafy greens and other nutrient-rich foods will enhance nutrition in the region. Clean water 

also ensures that boron does not accumulate in the soils and 
ultimately, the people. Although there lacks a consensus 
on the health effects of boron, high concentrations of this 
metal, arsenic and other contaminants may impact the 
lifespan, reproductive ability, and quality of life of the local 
people.

Our Solution

In the western highlands of Chile, approximately 
13,000 people lack access to safe, clean water to 
drink and irrigate their crops. The region of Arica 
is the driest place on earth, receiving less than one 
millimeter of rain per year. The only water lifeline 
is the Lluta River, which runs 147 miles from the 
highlands and empties into the Pacific Ocean. 
It is contaminated with high concentrations of 
arsenic, boron, and other health-threatening 
elements from volcanic and mining activity. This 
region’s unique aridity, however, creates unique 
environmental, and consequently, public health 
issues by heightened levels of evaporation, which 
intensify contaminant levels.

As a result of boron contamination, reaching 
up to 700 times the permissible concentration, 
crop variety is limited to nutrient-poor foods like 
potatoes and the local corn, “choclo.” Boron is 
an unreactive element that is best removed using 
ion exchange, reverse osmosis, distillation, or 

electrodialysis. Arsenic is best known for its use as a poison; the levels observed in the 
valley causes chronic exposure that can lead to cancer over a lifetime. 

Our partner communities, Los Molinos (n=140) and Chapisca (n=95), are representative 
of other rural highland villages. Most of the residents are subsistence farmers and 
depend on their crops to sustain their families. The average income in the region is  
approximately $2.00 USD/day. Although irrigation water comes from the Lluta River, 
the people are dependent on weekly government trucks to bring potable drinking water. 
To improve the region’s mental, physical, and economical well being, a sustainable 
solution that will reduce boron and arsenic is needed.

Introduction 
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The Thirst Project began in September 2010. Professor J.F. Gaillard (NU) worked to establish an 
engineering exchange program between Northwestern University and the Pontific Catholic University 
of Chile. Professor Aaron Packman (NU) approached a group of students involved in Northwestern 
Engineers for a Sustainable World with the idea of forming a project in collaboration with his 
colleagues in Chile. In Chile, Dr. Gonzalo Pizarro and Dr. Pablo Pastén are continually collecting 
and analyzing water samples. In February 2011, Dr. Pizarro connected Northwestern students with 
Senor Leonel Claros, a social worker in the Community of Los Molinos.

The Thirst Project is an international project of Engineers for a Sustainable World. 
Its mission is to produce a long-term effort to conduct student-focused research and 
community development work abroad. The effort encompasses collaboration within 
Northwestern University with undergraduates and graduate students of environmental 
engineering, civil engineering, and anthropology as well as internationally with the 
Pontificia Universidad Católica de Chile. 

The project proposal is based on research by Professors Pablo Pastén and Gonzalo 
Pizarro. We are collaborating closely with the Chilean university in Santiago in order to 
make professional connections and to provide opportunities to Northwestern students 
to design for real-world challenges.

From December 2007 to April 2008, teams from the Pontificia Universidad Cátolica 
de Chile made several site investigations in order to characterize the water at strategic 
sections along the Lluta River. Information gathered provides detailed descriptions of 
the region’s chemical speciation and behavior of key elements, e.g. arsenic and boron. 

Arsenic

Figure 1: Hydrothermal upwelling at the origin of the 
Azufre River. Photo Credit: Pastén and Pizarro, 2008.

Figure 4: Diagrams showing pH, boron, and arsenic concentrations as measured along the Lluta River and in the various branches, overlaid on a google map image of the 
region. Photo Credit: Adapted from Pastén and Pizarro, 2008; maps.google.com, 2011.

Sustainable development encompasses social, financial, and environmental sustainabil-
ity. Social sustainability requires that basic human rights, including nutrition, labor, and 
self-expression are met. Financial sustainability requires that the solution become self-
financed. Environmental sustainability requires that the ecological and human health 
needs are met without compromising the ability of future generations to meet their own 
needs. We believe that The Thirst Project addresses the following:

SOCIAL: Our solution is socially sustainable in many ways. For example, improved ac-
cess to safe irrigation water also preserves the culture and ancient agricultural lifestyle 
of Los Molinos, a community who maintains its pre-Incan roots. 

FINANCIAL: Safe, accessible water reduces the community’s dependence on weekly, 
government-funded water deliveries. Boron-free water also allows families to diversify 
their crops, which reduces agricultural and economical risks while generating further 
income that can be used to maintain water systems. 

ENVIRONMENTAL: The Thirst Project aims to increase human and ecological health by 
reducing mining pollution in water resources. It will also reduce the carbon footprint of 
water delivery by reducing dependency on water from energy-intensive delivery trucks. 

  Sustainability

Figure 7: Stiff diagrams demonstrating the major aquatic ion composition of cations (Na+, Ca2+, Mg2+) and anions (Cl-, 
SO42- and HCO3-) along the main Lluta at three measurement sites. The graphs show a chemical composition similar for all 
samples plotted, suggesting that changes in conductivity are due to a uniform evaporation of the solution. Source: Pastén and 
Pizarro, 2008.

Benefits and Goals:

Regional Issues: Arica, Chile

pH Boron

Many watersheds are contaminated by arsenic 
(As) and boron (B) derived from natural weath-
ering of earth-surface minerals. One of the most 
severe cases of As and B contamination occurs 
in the Lluta Valley of northern Chile. We are fo-
cusing on the Lluta River system, which is the 
only significant surface water body in this area. 
As and B enter the river system primarily through 
geothermal input. As and B are concentrated 
enough to influence substantially dissolved and 
particulate phase As migration within the entire 
river system.

Here we describe the chemical characterization 
of the Lluta River in an attempt to understand the 
speciation of As, B and other metals and metal-
loids. We consider both the results available in 
the literature and from our partners at the Pon-
tificia Universidad Católica de Chile. Using these results, we designed a sustainable 
solution for filtering the contaminants from drinking and irrigation water.

The Atacama Desert in Chile is one of the most severe cases of As contamination, fol-
lowing only Bangladesh and India. The Lluta river system is the main water source for 
the region. Levels of As and B in branches of the Lluta river are significantly higher 
than the WHO recommended 10 ppb and are a serious environmental health concern, 
especially in rural areas without access to treated water. Other contaminants include 
various salts, iron (Fe), chlorine (Cl), and sulfates (SO4). In addition, acidity can be as 
low as pH 2.11, which is another major concern.

Both natural processes and anthropogenic activities can lead to toxic levels of As. The 
greatest contribution of As and B in the system comes from geothermal springs near the 
Tacora volcano. The primary source of B is the salt flat called borateras. The system also 
receives anthropogenic input from nearby mine runoff.
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Lluta River System

Figure 3. Crops in the Arancha and Vinto sectors of the Lluta valley. Crop growth is limited by the soil quality, altitude, cli-
mate, and especially water quality.The evaporation process that occurs with water brought to the fields leaves accumulations 
of salts in the soil or concentrated runoff that rejoins the river downstream. The main species grown are alfalfa, maize, and 
carob tree. Many other crops cannot tolerate the concentration of boron in the water. Photo Credit: Pastén and Pizarro, 2008.

Figure 5. Entire system of the Lluta river showing branches with good quality wa-
ter in blue and poor water quality in red. The Río Azufre and Río Colpitas are the 
main tributaries that contribute As and B to the river. The table shows the con-
centrations of various contaminants and pH in each branch of the Lluta. Source: 
Pastén and Pizarro, 2008.

Figure 2. The mixing of the Río Colpitas and Cara-
carani with precipitation of dissolved compounds. 
Accumulation of iron oxides near the river. Photo 
Credit: Pastén and Pizarro, 2008.

 In the Lluta water, there is an increase in the concentration of chemical species due to high rates of evaporation and evapotrans-
piration. In addition, dilution occurs due to surface runoff during storms associated with the Bolivian winter. Other concerns include 
the acidification of water by oxidation of sulphides and chemical reactions that occur due to mixing at the intersection of tributaries. 
Boron can be found as dissolved species, as part of a colloidal suspension or in sediment. The speciation determines important as-
pects such as its toxicity and applicability of technologies for removal. A contaminant that is present as a dissolved species is likely 
to pass through cell membranes and reach places where it can exert its toxic or inhibitory action. In contrast, a contaminant that is 
in solid phase can be more easily removed by sedimentation and filtration. 
 Boron and arsenic have similarities and differences in speciation: both are highly soluble, which means that only solutions with 
high concentrations form precipitates under certain chemical environments. But B and As have different behaviors in the aquatic en-
vironment and affinity for environmental surfaces. As can be commonly found in natural aquatic environments under two oxidation 
states (+3 and +5), while B is only one oxidation state (+3). This affects the reactivity and toxicity: As +5 (arsenate) is less toxic and 
easier to remove, while As +3 (arsenite) is more toxic and more difficult to remove. B is found only in oxidation state +3 and is gen-
erally difficult to remove because it has little affinity with environmental surfaces, whereas As has an affinity for metal surfaces such 
as aluminum and iron. 

Drinking water

Estimated Cost: PRICELESS
Function: To provide boron and arsenic-free water for the purpose of sustaining human life on a daily 

basis. Water from the solar still will be collected and if appropriate, channeled 
into a storage container from which people can fetch water according to their 
convenience. 
Challenges: Household and community management. The sustainability of this 
approach to clean drinking water depends on the acceptance of the users. A 
reliable source of clean water will only be possible through the cooperation of 
the people.
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Photo credits: lettuce (itp.us.com), solar still (reuk.co.uk), basket (inmagine.com), drip irrigation kit (irrigationdirect.com), poop 
(manandhisbaby.com), glass (loripalooza.wordpress.com)
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