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Problem: Waterborne Bacteria

 2 billion people around the world use 
fecal coliform-contaminated water 
(WHO, 2017)

 6,883 rivers and streams in the US 
have Total Maximum Daily Load 
plans for fecal coliform under the 
Clean Water Act (US EPA, 2016)

 Virginia alone has nearly 11,000 miles 
of bacteria-impaired streams 
(VADEQ, 2014)



Current methods

 Accurate but expensive and require 
lab setting

 Ex: Colilert
 ~ $4 per test
 Quanti-Tray Sealer - $2500
 Incubator – a few hundred to a few 

thousand dollars
 Trained lab technician and 

laboratory needed
 Inexpensive tests are inaccurate due 

to counting methods that produce 
inconsistent results

Colilert



Goal

Reduce the cost of monitoring waterborne 
bacteria while maintaining sufficient accuracy to 
meet EPA Tier 2 method validation standards, 
thus expanding the capacity of organizations to 
perform comprehensive waterborne bacterial 
monitoring at a low cost.



Coliscan Easygel

Quantitative bacterial assay
Pros

< $3 per test
No incubator or additional lab 

equipment required
Can be conducted by citizen 

scientists
Accurate enzyme-based 

colony detection



How Coliscan Easygel Works

 Enzyme-based detection method

 Substrate contains sugars broken 
down by bacterial enzymes to make 
different-colored dyes

 Galactosidase produces red dye

 Glucuronidase produces blue dye

 Non-E. coli fecal coliform colonies -
galactosidase, appear red

 E. coli colonies - both galactosidase and 
glucuronidase, appear blue to purple



Cons: Reading Coliscan Easygel

 Counters must:
 Identify candidate colonies based 

on shape
 Differentiate between non-E. coli

fecal coliform colonies and E. coli
colonies based on colony color

 Keep an accurate count of the 
colonies



Strategy: ColiFind

 Create an application that can 
classify and count the E. coli 
colonies through digital image 
analysis, providing automatic 
and objective data on E. coli
levels





Numeric RGB (Red Green Blue) value:
150, 151,197



Phase 1: E. coli Signatures

E. coli Red Intensity Signature



Phase 1: E. coli Signatures

E. coli Saturation Signature



Phase 1: E. coli Signatures

Radial Segmenting Function Saturation Signature Matrix

E. coli Saturation Correlation Signature



Phase 1: Scoring E. coli Signatures
 Strength of each signature is 

measured for each candidate 
colony

 Strength of each signature is 
compared to a manually-set 
threshold

 Colony classified as E. coli if it 
passes two out of the three 
signature tests



Phase 1: Results

Target

 Gen-6 (current code 
generation)
 E. coli Detection Rate: 92%
 False Positive Ratio: 0.07
 Overall Accuracy: 0.92 



Phase 2: Neural Networks
 Learns to predict patterns 

in data by “practicing” 
with training data

1. Calculates output for 
each set of inputs

2. Compares calculated 
output with output 
provided by the 
programmer and 
determines error

3. Adjusts each weight
4. Repeats until a weight 

combination is found 
that minimizes the error

weights weights



Phase 2: Neural Networks
 Will train neural network 

using the Phase 1 E. coli 
signatures

 In training, neural network’s 
bacterial classification of a 
candidate colony will be 
compared to candidate's 
actual classification

 Neural network training error 
will be used to adjust 
weights and maximize 
ColiFind classification 
accuracy

weights weights



ColiFind System
ColiFind ColiFind

Four Mile Run (Site B)
Last Sample:
75 E. coli per 100 mL 
09/03/2017
Historic Data



ColiFind Needs Your Help!

 More data is needed to 
 train neural networks
 validate ColiFind accuracy

 Helping is easy
1. Run a Coliscan Easygel Test
2. Take an image following the 

ColiFind Imaging Protocol
3. Count the E. coli colonies
4. Upload image at 

colifind.com
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