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Using Silver Nanoparticles to Reduce 
the Effects of Biofouling On Water 

Filtration Membranes 
Subject Area(s) Biology, Life Science, Engineering – Relating Science and/or Math Concepts to 

Engineering.  
Associated Unit – Water Filtration and Quality 

Lesson Title - Using Silver Nanoparticles to Reduce the Effects of Biofouling On Water 
Filtration Membranes 
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Grade Level   12 (9-12) 

Lesson #    1 of 1 

Lesson Dependency  None 

Time Required  11 Sixty Minute Class Periods and 1 Half Day Field Trip 

Summary At the conclusion of the unit, students will understand the following concepts as they 
relate to water filtration: nanotechnology, biofouling, and silver nanoparticles as a 
microbial inhibitor. Students will construct 

 

Engineering Connection Students will construct a water filtraiton system using a membrane 
house, a pressure pump, water source and various types of membranes and silver 
concentration solutions. This is a challenge faced by Environmental Engineers in a 
research or industry setting. 

 

Image 1 
Image file: 

http://www.merckmillipore.com/INTE
RSHOP/static/WFS/Merck-Site/-

/Merck/en_US/Freestyle/BI-
Bioscience/Chromatography-Sample-
Prep/chromatography-sample-prep-

images/filtrationtypes_474px.jpg 
ADA Description: This is a graphic to 

show the different pore sizes of the 
various membranes. 

Source/Rights: Copyright © Merk 
Millipore 

Caption: The various pore sizes for 
each membrane are illustrated here to 

show students what types of molecules 
are filtered by each membrane. 
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Engineering Category =  
1. Relating science and/or math concept(s) to engineering  
2. Engineering analysis or partial design 

 

Keywords 
• Nanotechnology 
• Silver Nanoparticles 
• Water Filtration 
• Membrane 
• Millipore Nylon Membrane 
• Cellulose Ultra Filtration Membrane 
• Reverse Osmosis Membrane 
• pH 
• Conductivity 
• Spectrophotometer 
• Biofouling 
• Raw Water 
• Distilled Water 
• Nanopure Water 
• Water Filtration Flow 
• Water Filtration Flux 
• Normalized Flux 

 

Educational Standards  
State STEM Standard 

Grade Level Standards: 
Concept 1, PO 1.  Evaluate scientific information for relevance to a given problem. (See R09-

S3C1, R10-S3C1, R11-S3C1, and R12-S3C1) 
Concept 2, PO 3.  Design an appropriate protocol (written plan of action) for testing a hypothesis: 

• Identify dependent and independent variables in a controlled investigation. 
• Determine an appropriate method for data collection (e.g., using balances, thermometers, 

microscopes, spectrophotometer, using qualitative changes). 
• Determine an appropriate method for recording data (e.g., notes, sketches, photographs, videos, 

journals (logs), charts, computers/calculators). 
Concept 4, PO 4.  Support conclusions with logical scientific arguments.  

Concept 2, PO 4.  Analyze the use of renewable and nonrenewable resources in Arizona: 
• water 
• land 
• soil 
• minerals 
• air 

 

 

ITEEA Standard  

 

https://www.teachengineering.org/search_standards.php
https://www.teachengineering.org/iteea.php
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NGSS Standard  

HS-ETS1-1. Analyze a major global challenge to specify qualitative and 

quantitative criteria and constraints for solutions that 

account for societal needs and wants. 

HS-ETS1-2. Design a solution to a complex real-world problem by 

breaking it down into smaller, more manageable problems 

that can be solved through engineering. 

 

CCSS Standard 
Writing for Technical Subjects: 

Write arguments focused on discipline‐specific content. a. Introduce precise, knowledgeable claim(s), establish the 
significance of the claim(s), distinguish the claim(s) from alternate or opposing claims, and create an organization 
that logically sequences the claim(s), counterclaims, reasons, and evidence. b. Develop claim(s) and counterclaims 
fairly and thoroughly, supplying the most relevant data and evidence for each while pointing out the strengths and 
limitations of both claim(s) and counterclaims in a discipline‐appropriate form that anticipates the audience’s 
knowledge level, concerns, values, and possible biases. 
 
Writing for Science: 
Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, 
or technical processes. a. Introduce a topic and organize complex ideas, concepts, and information so that each new 
element builds on that which precedes it to create a unified whole; include formatting (e.g., headings), graphics (e.g., 
figures, tables), and multimedia when useful to aiding comprehension. b. Develop the topic thoroughly by selecting 
the most significant and relevant facts, extended definitions, concrete details, quotations, or other information and 
examples appropriate to the audience’s knowledge of the topic. 
 

Pre-Requisite Knowledge 
 

Learning Objectives 
After this lesson, students should be able to understand: 

• The steps in a water filtration system: sediment removal, carbon filtration, 
nanofiltration, microbial removal and basic filtration. 

• Biofouling in water filtration membranes, which is the buildup of microorganisms on the 
membrane that limits its efficiency. 

• The different types of water filtration membranes in commercial use today. 
• The effects of silver nanoparticles on biofouling and membrane filtration efficiency. 
• The effects of silver nanoparticles on individual and large scale Reverse Osmosis water 

filtration systems. 
 

Introduction / Motivation 

https://www.teachengineering.org/ngss.php
https://www.teachengineering.org/common_core_math.php
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The Friday before the lesson begins, instruct students to travel around their local community and 
gather water samples from various sources: gas station, fountains, parks, mall, housing, etc. over 
the weekend. 
The next Monday of class, students will conduct basic water quality testing on the collected 
samples, including a test for E. Coli that involves bacteria growth, to determine what molecules 
are present in raw water and which molecules are removed during industrial water filtration 
systems. Once students have a chance to compare their findings, present them with the following 
scenario: “You have been tasked with the goal of determining the type of water filtration 
membrane and the optimal concentration of the silver solution to present to the Scottsdale 
Wastewater Treatment facility for commercial use. How might you go about figuring this out?” 
 

Lesson Background & Concepts for Teachers 
What type of information should the teacher need before address the lesson? 
 The teacher should have a basic understanding of water filtraton systems, biofouling, the three 
membrane filters (Nylon, UF and RO), nanotechnology, common uses for silver nanoparticles 
and community data regarding water use, filtration, cost and source. All of this information 
should be addressed with the students before the start of the lesson. 
 Are there any setup requirements or research needs? 
 This lesson will require student set up of the membrane housing, various sources for water 
collection, an in depth examination of the three membrane filters we will use, and basic water 
filtration system background information. 
 Are there common misconceptions students may have? 
 Students may think that biofouling refers to the harmful effects of bacteria build up on 
humans. 
 Students may have questions about industrial sized and individual home sized water filtration. 
We are examining the harmful effects of biofouling on membrane efficiency systems. We will 
visit a water filtration plant in Scottsdale, Arizona to address their misconceptions. 
Image Insert Image # or Figure # here [use Figure # if referenced in text] 
 

 

Figure 1 
Image file: 

http://www.intechopen.com/source/html/37
613/media/image26.png 

ADA Description: This is a potential 
system setup. 

Source/Rights: Copyright © Intech 
Publishing 

Caption: The system begins with a 
pressure source that forces water into the 

Amicon cell housing and through the 
membrane. The filtered water is measured 

on the balance and recorded on the 
computer. 
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Materials: 
 Silver Nitrate powder: https://www.sargentwelch.com/store/product/8887388/silver-nitrate 
 Sodium Borohydride powder: https://www.fishersci.com/shop/products/sodium-borohydride- 98-
powder-acros- organics-5/p- 41817 
 Distilled Water 
 Millipore Nylon Membranes: https://www.fishersci.com/shop/products/emd-millipore- nylon-
hydrophilic-membrane- filters-0- 2-m- pore-size- dia-25mm/gnwp02500 
 Cellulose UF Membranes: 
 Reverse Osmosis Membranes 
 45 mm Membrane Housing Unit 
 Two 500mL amber containers 
 Nanopure Water 
 Three 100mL beakers 
 Graduated Cylinder 
 Micropipette 
 Sterile Disposable Pipettes 
 Balance with weigh paper 
 Spatula to scoop powder 
 Stir Rod with Automatic Stirrer machine 
 Water Chamber 
 Pressurized water pump 
 pH Probe 
 Conductivity Probe 
 Spectrophotometer 
 

- The students will research the organic and inorganic molecules detected in the Introduction section. 

 The students research the concept of biofouling and its impact on the human body, water filtration 
systems, and membrane efficiency. 

 The students will visit the NEWT labs in the School of Sustainable Engineering and Built 
Environments at Arizona State University, or another local research institution, to see a lab based 
experimental setup of this lesson plan. If able to attend ASU, they will meet with Dr. Paul Westerhoff and 
Dr. Shahnawaz Sinha to discuss the current implications and research of biofouling on membrane 
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efficiency. It is recommended that the teacher contact the chair of the Engineering College at the local 
research institution to facilitate a meeting. 

 The students are presented with three different membranes and will research the differences between 
them, including (but not limited to): chemical make-up, pore size, current uses, and cost, lifespan and 
production sites. 

 The students experiment with the Water Filtration Pressurized Membrane Housing system to 
familiarize themselves with the device and how to calculate the water filtration flow, the flux and the 
normalized flux. 

 This experiment is inquiry based with the following basic requirements: To conduct the investigation, 
each group will select at least two different membranes and two different concentrations of the silver 
nanoparticle solution to test determine the membrane type and silver concentration that produces the 
highest water output. To determine if their membranes were successful, student groups will run the 
following water quality tests (but are not limited to only these): pH, conductivity, UV with the 
Spectrophotometer. Students will design and run the experiment and water quality testing as they see fit. 

***Please see Appendix A for the procedure to prepare the Silver Solutions and coat the membranes. 

 After testing all three filters and three different concentration of the silver nanoparticle solution, each 
group will create a poster to illustrate their findings and support their recommendation to the Scottsdale 
Wastewater Treatment campus, or a local wastewater treatment facility. This tour can be arranged through 
the contacts at the local research institution. They will also include how this recommendation can support 
the global issue of water quality, filtration and availability. 

 Each student group will write an abstract to submit to the NSF (National Science Foundation) to apply 
for a research grant to further study the silver nanoparticle use in water filtration membranes. This will be 
completed in conjunction with the NEWT partnership at Arizona State University under the direction of 
Dr. Paul Westerhoff and Dr. Shahnawaz Sinha if applicable. 

 

Vocabulary / Definitions 
Word Definition 

Nanotechnology 
The branch of technology that deals with dimensions and tolerances 
of less than 100 nanometers, especially the manipulation of 
individual atoms and molecules. 

Silver Nanoparticles Small silver solution used to inhibit microbial growth 
Water Filtration 
Membrane The act of purifying water through a membrane. 

Millipore Nylon 
Membrane Membranes with a pore size of 0.1 – 10 microns. 

Cellulose Ultra 
Filtration Membrane Membranes with a pore size of 0.001 to 0.1 microns. 

Reverse Osmosis 
Membrane Membranes with a pore size smaller than 0.001 microns. 

pH A measurement of the amount of hydronium ions in a solution. 
Conductivity A measurement of the amount of salts in a solution. 

Biofouling The buildup of microorganisms on the membrane that limits its 
efficiency. 

Raw Water Water that has not been filtered. 
Distilled Water Water that has filtered of all ions. 
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Nanopure Water Water that has filtered of all substances. 
Water Filtration Flow The rate that water moves through a membrane. 
Water Filtration Flux The rate that water moves through a membrane of a specific area. 

Normalized Flux A way to compare the flux rates of one membrane over a long period 
of time. 

 
Associated Activities 
None 

Lesson Closure 
Assessment 
Pre-Lesson Assessment  
The students conduct small group and whole class discussions about their misconceptions with water 
treatment procedures.  

Post-Introduction Assessment 

 The students will present their posters in a lunch symposium for the whole school to see. 

 The students will culminate the membrane water filtration unit with a guided tour at the Scottsdale 
Wastewater Campus facility. After working with the membranes on a small scale, they will see 
Nylon, UF and Reverse Osmosis membranes in a large-scale practical situation. At the facility, they 
will be expected to prepare questions ahead of time, write a summary essay on the different types of 
membranes in a real world setting, and compile an online-shared folder of labeled photos for their 
peers. They will present their research findings to the scientists at the facility for potential commercial 
use. 

Lesson Summary Assessment 

 The teacher will grade the abstract using the Rubric in Appendix B. 

 -The teacher will grade the Research posters using the Rubric in Appendix C during the Symposium. 

Lesson Extension Activities 
The students could conduct a microbial test on the filtration membranes to compare the growth 
on coated and uncoated membranes. 
Additional Multimedia Support 
None. 
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Appendix A 
Silver Nanoparticle Solution Preparation and Membrane Coating Procedures 
 
*Here are the procedures to make the various concentrations of the nanosilver solutions and how 
to coat the membranes. 
 
Materials: 
*AgNO3 powder 
*NaBH4 powder 
*Two 500mL amber containers 
*Nanopure Water 
*Balance with weigh paper 
*Spatula to scoop powder 
*Stir Rod with Automatic Stirrer machine 
*Membrane housing container 
*Various membranes 
 
Formulas: 
Solution Prep: # grams = (Desired Volume)*(Desired Concentration)*(Molecular Weight) 

*Molecular Weight AgNO3 = 169 g/mol 
*Molecular Weight NaBH4 = 38 g/mol 

 
Dilutions: S1V1 = S2V2 

*S1 = Stock solution concentration 
*V1 = Volume of stock solution required 
*S2 = Desired Concentration 
*V2 = Total Desired Volume 

 
Calculations: 

A. Stock Solution of AgNO3 – 0.025M in 0.1L 
a. # grams = (0.1L)(0.025mol/L)(169g/mol) 

i. 0.4225g AgNO3 in 0.1L Nanopure Water required 
ii. # grams = 0.4225g AgNO3 
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B. Stock Solution of NaBH4 - 0.025M in 0.1L 
a. # grams = (0.1L)(0.025mol/L)(38g/mol) 

i. # grams = 0.095g NABH4 
ii. 0.095g NaBH4 in 0.1L Nanopure Water required 

C. 50 mL Dilution of AgNO3 
a. 1mM AgNO3: (0.025 mol/L)(V1) = (0.001 mol/L)(50mL) 

i. V1 = 2mL 
ii. 2mL AgNO3, 48 mL Nanopure Water required 

b. 3mM AgNO3: (0.025mol/L)(V1) = (0.003mol/L)(50mL) 
i. V1 = 6mL 

ii. 6mL AgNO3, 44 mL Nanopure Water required 
c. 6mM AgNO3: (0.025mol/L)(V1) = (0.006mol/L)(50mL) 

i. V1 = 12mL 
ii. 12mL AgNO3, 38 mL Nanopure Water required 

D. 50 mL Dilution of NaBH4 
a. 1mM NaBH4: (0.025mol/L)(V1) = (0.001mol/L)(50mL) 

i. V1 = 2mL 
ii. 2mL AgNO3, 48 mL Nanopure Water required 

b. 3mM NaBH4: (0.025mol/L)(V1) = (0.003mol/L)(50mL) 
i. V1 = 6mL 

ii. 6mL AgNO3, 44 mL Nanopure Water required 
c. 6mM NaBH4: (0.025mol/L)(V1) = (0.006mol/L)(50mL) 

i. V1 = 12mL 
ii. 12mL AgNO3, 38 mL Nanopure Water required 

E. 400 mL Dilution of AgNO3 
a. 1mM AgNO3: (0.025 mol/L)(V1) = (0.001 mol/L)(400mL) 

i. V1 = 16mL 
ii. 16mL AgNO3, 384 mL Nanopure Water required 

b. 3mM AgNO3: (0.025mol/L)(V1) = (0.003mol/L)(400mL) 
i. V1 = 48mL 

ii. 48mL AgNO3, 352 mL Nanopure Water required 
c. 6mM AgNO3: (0.025mol/L)(V1) = (0.006mol/L)(400mL) 

i. V1 = 96mL 
ii. 96mL AgNO3, 304 mL Nanopure Water required 

F. 400 mL Dilution of NaBH4 
a. 1mM NaBH4: (0.025mol/L)(V1) = (0.001mol/L)(400mL) 

i. V1 = 16mL 
ii. 16mL AgNO3, 384 mL Nanopure Water required 

b. 3mM NaBH4: (0.025mol/L)(V1) = (0.003mol/L)(400mL) 
i. V1 = 48mL 

ii. 48mL AgNO3, 352 mL Nanopure Water required 
c. 6mM NaBH4: (0.025mol/L)(V1) = (0.006mol/L)(400mL) 

i. V1 = 96mL 
ii. 96mL AgNO3, 304 mL Nanopure Water required 

 
Procedures: 
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1. Prepare Stock Solutions: 
a. Measure out Nanopure Water. 
b. Slowly add solute. 
c. Mix by shaking until dissolved. 

2. Prepare Dilutions: 
a. Measure out Nanopure Water. 
b. Add Stock Solution. 
c. Shake until Mixed. 

3. Coat Membranes: 
a. Insert membrane into appropriate house based on size. 
b. Pour the diluted AgNO3 solution into the house and let stir for 10 minutes. 
c. Discard the AgNO3 solution in a waste bottle to leave only a thin layer on the 

membrane. 
d. Pour the diluted NaBH4 solution into the house and let stir for 5 minutes. 
e. Discard the NaBH4 solution in a waste bottle. 
f. Rinse the membrane with Nanopure water for 10 seconds. 

*It is recommended to make the stock solutions and dilutions the same day you coat the 
membranes as they do not have a long shelf life. 

4. Carefully remove the membrane from the house and store in a plastic bag. It is 
recommended to filter water through the membranes the same day you coat them. As 
the membranes dry, the edges will curl. To prevent this, place under a large flat 
object, like a book. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix B 
Abstract Rubric 
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Appencix C 
Research Poster Rubric 
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