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Water Purification and Ocean Salinity: The Colligative Properties 
and Engineering Naval Solutions (Resource Exchange) 

 
The National Academy of Engineering’s (NAE) Grand Challenges of Engineering (GCE) [1] are 
a list of 14 critical challenges that society faces and that can be addressed by engineers. The GCE 
highlight the ways engineering works to help others and emphasizes the collaborative, creative, 
and interdisciplinary work engineers do. Framing engineering as an altruistic career is believed 
to increase interest for more girls, underrepresented racial/ethnic minority, and first-generation 
college students [2] - [4]. In a grant funded by the Office of Naval Research (ONR), our 
interdisciplinary team has developed multiple hands-on lab and classroom activities for the high 
school classroom that use the Grand Challenges and Naval contexts as a motivation for the lab. 

In this lab, students explore the 
relationship of boiling point and salinity 
in the context of purifying water. Prior 
to this lab, students should know about 
colligative properties and factors 
impacting boiling point. In this lab, 
students are tasked with helping the 
Navy adapt their water purification 
systems for different regions of the 
ocean where salinity varies. The lesson 
has both a scientific and engineering 
briefs. The scientific brief describes 
variation of ocean salinity.  

The engineering brief shows how a still 
can produce fresh water from a salt water source. 
Students determine how the local salinity of the ocean 
affects the efficiency of producing fresh water. 

Grade level: Grade 8-12 
Duration: One 90min or 2 50min class 
Learning objectives: Students will be able to… 
 calculate the expected change in boiling point 

based on a specified salinity, with the provided 
equation, and compare this result to observed data. 

 connect this real-world example of intensive or 
colligative properties, including osmotic pressure 
and boiling point elevation. 

 discuss how colligative properties have real world 
consequences for providing access to clean water 
through engineered solutions. 

 identify strengths and weaknesses of their boiling water still and describe improvements to 
the design. 

 

Fig 2. Engineering brief: Boiling 
Desalination Still 

 

Fig 1. Scientific brief: Map showing how regions of the 
ocean vary in salinity. 



Materials/procedure: Students use a hot plate and a “still” comprising an Erlenmeyer flask with 
a rubber stopper that has a thermometer and hose inserted. “Ocean” water of different salinities 
are provided. Water vapor travels up the hose and is collected in a small beaker. Students 
monitor the boiling point and the amount of water produced over a specific time period. Students 
can also use test strips to ensure the water produced is less salty. Each group is provided with 
one salinity level and differences across groups provide additional comparison points. 

Evaluation: Each has been evaluated through student surveys and through implementation by 
teacher. Students in a variety of classrooms have found the lab engaging.  

Reflection questions: 
1. Which properties from this exploration are extensive and which are intensive? 
2. The diagram to the right shows the phase change 

of pure water from liquid to gas. Using your data, 
draw in the phase change of your salt water. 
Label the liquid, gas, and phase change portions 
of the diagram. Assume 1atm of pressure.  

3. The following table shows the output of several 
common desalination processes. Complete the 
table with your data and analysis of the pros and cons of your system compared to other 
processes. How does your system compare to the others? 

Process mL/hr L/day Pros and cons 
Solar still 53 0.6 No active maintenance required; must 

remain at surface and sunny. 
Hand-operated reverse 
osmosis pump 

946 22.7 Requires active work of pumping device; 
can run day and night 

Boiling desalination still ? ? ? 

Alignment to Next Generation Science Standards:  
HS-PS1-3. Plan and conduct an investigation to gather evidence to compare the structure of 
substances at the bulk scale to infer the strength of electrical forces between particles.  
Practices: Apply scientific principles and evidence to provide an explanation of phenomena and 
solve design problems, taking into account possible unanticipated effects. (HS-PS1-5) 
Alignment to Project Lead The Way:  
PLTW Unit 1 Design Process; PLTW Unit 6 Reverse Engineering. 
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