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Purpose of this Study 

• During our July 2014 research project, we found that E. coli levels increased considerably 

during a rainstorm. 

 

• At the below Milton site (UNB016), the rainstorm caused the E. coli count to exceed the 

State of Massachusetts E.Coli limit of 235 MPN (single sample). 

 

• Purpose of Oct 2014 study: Can a sand filter decrease E. coli counts to acceptable levels? 
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Approach 
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Step 1: Build two sand filters 

Step 2: Collect water samples 

Step 3: Pour water samples through filters 

Step 4: Perform E. coli tests 

Step 5: Analyze the results 



Step 1: Build Sand Filter 
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Gravel Course Sand Fine Sand 

1 liter plastic paint bucket 

used as a container 

250 ml each of gravel/ 

course sand/fine sand 

placed in container 

5 holes were punctured in 

bottom and covered with 

screen; Duct tape used to 

hold the screen in place 

Screen was placed on top, 

and a rubber band was used 

to hold it in place 

The sand filter price was 

minimal with these simple 

materials from Home Depot 



 Two Sand Filter Designs 
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Filter #2: Gravel on Top 
 

Top: Gravel (250 ml) 

 

Middle: Course Sand (250 ml) 

 

Bottom: Fine Sand (250 ml) 

Filter #1: Fine Sand on Top 
 

Top: Fine Sand (250 ml) 

 

Middle: Course Sand (250 ml) 

 

Bottom: Gravel (250 ml) 



 Step 2: Collect Water Samples 
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Sample Location: 

• Samples were collected at a brook in Milton, MA  

(1 of 41 sampling sites in Neponset River Watershed)  

• Site name: Unquity Brook @ Squantum St (UNB016) 
 

Sample Days (1 sunny day, 1 rainy day): 

• Oct 10, 2014 (3 pm, sunny day, no rain) 

• Oct 11, 2014 (3:20 pm, rainy day, 0.35 in rain) 
 

Sampling Methodology: 

• We used sterile bottles purchased from Micrology 

Laboratories to collect water samples. 

• We also used the Coliscan Easygel test from 

Micrology Labs to test for E. coli bacteria.  

• Note: This E. coli test is used by volunteers at several 

state environmental agencies, including the  VA DEQ, 

and is more cost-effective than the standard Colilert 

18 test. The results, while not lab quality grade, are 

accurate enough to give a directional assessment of 

the water quality. In addition, this test gives a high 

impact visual of bacteria growth. 

Milton 



Step 3: Pour water through sand filters 
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Sample poured  

in through top 

Sand 

filter 

Filtered 

water 

Methodology: 

• After we collected the water samples from the 

brook, we poured 300 ml through the top of Sand 

Filter #1 

• After the water flowed through the 3 different 

sand filter medium, the water was collected in a 

beaker at the bottom 

• We then repeated the same procedure in Sand 

Filter #2. 

 

6 Samples Tested for E. Coli: 

Sunny Day 

• 1st sample: Untreated Water from the brook 

• 2nd sample: Sand Filter #1 (fine sand on top) 

• 3rd sample: Sand Filter #2 (gravel on top) 

 

Rainy Day 

• We repeated the above using samples collected 

the following day during the rain 



Step 4: Perform E. Coli Test 
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Methodology: 

• We placed 1 to 5 ml of water sample into the 

Coliscan bottle 

• We gently swirled the bottle and poured the 

sample into the pre-treated Coliscan petri dish 

• We let the petri dish sit in room temperature for 

1 hour until solidified 

• Then we placed the petri dish was in a 

preheated incubator @ 35-37 deg. C 

 

E. Coli Count: 

• After 24 hours, we counted the total # of dark 

blue dots, which are E. coli colonies. (We did 

not count the pink dots, which are general 

coliform.) 

• If a 5 ml sample was used, then we multiplied 

the total purple dots by 20 to get the total E. coli 

count in CFU/100 ml. If a 1 ml sample was 

used, we multiplied the total dots by 100. 

(Typically a 1 ml sample is used when there are 

too many to count in the 5 ml sample.) 



Friday Oct 10th E. Coli Results 

(Dry Weather) 
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No Treatment 

680 CFU/100 ml 

High E. coli count 

Filter #1: 

Fine Sand on Top 

100 CFU/100 ml 

85% reduction in E. coli 

Filter #2: 

Gravel on Top 

20 CFU/100 ml 

97% reduction in E. coli 

Petri dishes contain 5 ml of sample: 

Blue/Purple dots = E. coli (counted) 

Pink dots = general coliform (not counted) 



Saturday Oct 11th E. Coli Results 

(Wet Weather) 
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No Treatment 

3200 CFU/100 ml 

Very high E. coli count 

Filter #1: 

Fine Sand on Top 

1120 CFU/100 ml 

65% reduction in E. coli 

Filter #2: 

Gravel on Top 

120 CFU/100 ml 

96% reduction in E. coli 

Petri dishes contain 5 ml of sample: 

Blue/Purple dots = E. coli (counted) 

Pink dots = general coliform (not counted) 



Step 5: Analyze the Results 
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On both experimental days, Sand Filter #2 was the most effective. The E. coli count 

decreased by more than 96-97%. 
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My Hypothesis vs. Actual Results 

12 

At first the results surprised me. I expected a ~50% reduction in E. coli bacteria, not 

96-97% from Sand Filter #2. Given that E. coli bacteria is 0.2 to 0.5 microns in size, 

and the fine sand is 125 to 250 microns in size, I was perplexed that more E. coli 

bacteria did not travel between the sand filter crevices and escape through the end of 

the filter. 

 

Secondly, I expected Sand Filter #1 (fine sand on top) to perform better than Sand 

Filter #2 (gravel on top). Engineers Without Borders uses sand filters similar to Sand 

Filter #1 to provide clean water in developing countries, so why did my sand filter of 

similar design not work? After researching the science behind the filtration techniques, 

I was able to answer both questions (next slide)  

Sand Filter #1 Sand Filter #2 



Explanation of the Results, page 1 
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Question 1: Why did Sand Filter #1 not perform as well? 
 

Sand Filter #1 is similar in design to a BioSand filter (fine sand on 

top and gravel on the bottom). Engineers without Borders (EWB) 

uses this design to create potable drinking water and reduce 

diarrheal illnesses in the developing world. If this is the case, why 

did my Sand Filter #1 (with the fine sand on top) not work as well 

as the EWB design?  

 

In my research I learned that BioSand filters, in contrast to my filter 

design, require the formation of a biolayer in order to capture the 

the vast majority of the E. coli bacteria. To form this biolayer, 

contaminated water should be poured through the filter over a 

period several weeks. The “mature” biolayer then captures most of 

the bacteria effectively.  

 

In my sand filter, I never created a biolayer on the top sand. 

Instead I used the sand filter shortly after building it, which helps 

explain why the EWB filter had a biolayer and mine didn’t. 

Sand Filter #1 

Sand Filter #2 



Explanation of the Results, page 2 
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Question 2: Why did Sand Filter #2 perform better than Sand Filter #1? 

Sand Filter #1 

Sand Filter #2 

Sand Filter #2, with gravel on top and fine sand on the bottom, worked 

better than Sand Filter #1. One key observation I made during the 

experiment was that when I poured water through Sand Filter #1, the 

flow rate was fast and the beaker filled up quickly. However, with Sand 

Filter #2, the water collected at the top of the filter and slowly seeped 

through the sand filter medium. 

 

The reason why the flow rate was slow in Filter #2 was because the 

water first had to flow through the tortuous path between the gravel 

pieces. The large space between the gravel then turned into a smaller 

space between the course sand, and then an even smaller space 

between the fine sand. This decrease in space slowed down the flow 

and allowed for more time for the bacteria to be caught in the filter. 

 

The sand filter captures the E. coli bacteria in two key ways. One, the 

E. coli bacteria may stick directly to the sand. This process is called 

adsorption. Two, the E. coli may stick to each other in clumps or to the 

particles in the water, and then be physically trapped between the 

sand spaces. This physical process is called mechanical trapping. 



Conclusion 
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Result of My Experiment 

The purpose of this study was to determine if sand filters have the ability to 

decrease the E. coli count. The answer is yes, sand filters are indeed effective. 
 

However, this approach is not yet scalable to a large body of water, such as the 

Neponset River. For example, the flow rate through Sand Filter #2 is too slow to be 

convenient. In addition, when the sand filter is used over a long period of time, the 

sand filter may become overloaded with contaminants and need to be cleaned, 

which would make regular maintenance required. 
 

Next Steps 

I am considering one of the following for my next research project: 

• Test various sand filter depths to increase the flow rate without sacrificing the E. 

coli capture rate. 

• Test the effectiveness of UV light in killing E. coli bacteria. (See Appendix A: My 

initial experiment with a Steri-pen yielded promising results.) Possibly look at how 

long it takes for UV exposure to disinfect the water and/or the impact of cloudy 

vs. clear water in disinfection efficiency. 

• Perhaps test a combination of the above two techniques, as both methods may 

work synergistically to decrease bacterial counts while at the same time allowing 

for high-speed water flow. 



Questions 
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If you have any questions, feel free to reach me at: 

Ishan Shukla 

ishukla300@gmail.com 



APPENDIX 
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Appendix A: 
UV Light Treatment of Oct 10th Water Sample 
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UV Treatment 

1 liter water treated 

with Steri-pen 3x 

Results 

<20 CFU/100 ml 

No Treatment 

680 CFU/100 ml 

Petri dishes contain 5 ml of sample: 

Blue/Purple dots = E. coli (counted) 

Pink dots = general coliform (not counted) 



Appendix B: Bacteria size 
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http://www.princeton.edu/~oa/manual/water.shtml 

Organism Examples General Size Filter Type Particle Size Rating 

Protozoa Giardia, Cryptosporidium 
5 microns or 

larger 
Water filter 1.0–4.0 microns 

Bacteria Cholera, E. coli, Salmonella 
0.2–0.5 

microns 
Microfilter 0.2–1.0 microns 

Viruses 
Hepatitis A, rotavirus, Norwalk 

virus 
0.004 microns 

Water 

purifier 
to 0.004 microns 



Appendix C: Grain size 
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φ scale 
Size range 

(metric) 

Size range 

(approx. inches) 

Aggregate name 

(Wentworth 

Class) 

−8 < 256 mm < 10.1 in < Boulder 

−6 to −8 64–256 mm 2.5–10.1 in Cobble 

−5 to −6 32–64 mm 1.26–2.5 in 
Very coarse 

gravel 

−4 to −5 16–32 mm 0.63–1.26 in Coarse gravel 

−3 to −4 8–16 mm 0.31–0.63 in Medium gravel 

−2 to −3 4–8 mm 0.157–0.31 in Fine gravel 

−1 to −2 2–4 mm 0.079–0.157 in Very fine gravel 

0 to −1 1–2 mm 0.039–0.079 in Very coarse sand 

1 to 0 ½–1 mm 0.020–0.039 in Coarse sand 

2 to 1 ¼–½ mm 0.010–0.020 in Medium sand 

3 to 2 125–250 µm 0.0049–0.010 in Fine sand 

4 to 3 62.5–125 µm 0.0025–0.0049 in Very fine sand 

8 to 4 3.90625–62.5 µm 
0.00015–0.0025 

in 
Silt 

> 8 < 3.90625 µm < 0.00015 in Clay 

> 10 < 1 µm < 0.000039 in Colloid 

http://en.wikipedia.org/wiki/Grain_size * 1 micron = 1 micrometer = 1x10-6 m 


