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INTRODUCTION 

 

Contamination of drinking water by pathogenic microorganisms is one of the 
crucial issues with regard to human health (Ashbolt, 2015). Coliform bacteria 

like Escherichia coli (E. coli) is universally present in large numbers in the feces 
of warm-blooded animals and thus their presence in water bodies and food has 

been adopted as an indicator of fecal contamination (Martin et al., 2016; 

Odonkor and Ampofo, 2013). Coliform contamination in drinking water is 
primarily tested by widely accepted traditional methods such as most probable 

number (MPN) and the membrane filtration (MF) technique (APHA, 2012). 

These methods mainly use specific growth medium and incubation conditions 

that favor the growth of these bacteria while suppressing the growth of others. 

The growth is usually observed as turbidity in liquid media or colonies on solid 

media. The major limitation of these methods is that they are time consuming and 
takes a minimum of 24 - 48 hours to provide results. Without timely intervention 

the community could be exposed to severe health risks (Heijnen and Medema, 

2009; Holme, 2003; Nygård et al., 2006; Mendes Silva and Domingues, 2015). 
For example, a Salmonella outbreak in Alamosa city, Colorado led to 442 

reported cases of illness and one death. The severity of the outbreak could have 

been prevented if the authorities had known about the contamination at an early 

stage (Haas et al., 2011; Falco and Williams, 2009).  

Different molecular and immunological methods of bacteria detection such as 

enzyme-linked immunosorbent assay (ELISA) (Esfandiari et al., 2017; 

Ezenarro et al., 2018), polymerase chain reaction (PCR) (Atlas and Bej, 1990; 

Horakova et al., 1991; Kong et al., 2002; McMahon et al., 2018; Fatemeh et 

al., 2014; Walker et al., 2017), reverse transcriptase polymerase chain reaction 
(RT-PCR) (Bellin et al., 2001; Takahashi et al., 2017) and fluorescent in situ 

hybridization (FISH) (Del'Duca et al. 2015; Oliveira et al., 2016; Price and 

Wildeboer, 2017; Zulkifli et al., 2017) although specific and viable alternatives 

to the conventional culture-based methods for delivering quantitative result in a 

fairly short period of time (6 to 8 hours), still require expensive laboratory 

equipment and skilled technicians (Girones et al., 2010; Rompré et al., 2002). 
Moreover, as a preventive measure, frequent monitoring of water for bacterial 

contamination is required to be carried out at places where there is a possibility 

that the population will suffer from waterborne diseases. In such cases, setting up 

a testing facility equipped with the necessary equipment and technicians is often 

not possible for short term projects. Also, due to poor infrastructure facility, in 

most remote areas in developing countries, transportation of samples to the water 
testing laboratories is difficult, especially within the recommended time frame 

(usually 6 hours) (APHA, 2012). Such delays in testing can potentially lead to 
false negative results due to the alteration in the sample characteristics 

(McDaniels and Bordner, 1983). The outbreaks of waterborne diseases at 

different locations like Cabool in 1989, Milwaukee in 1993, Gideon in 1993 and 
Washington in 1999 are well-known examples associated with false negative 

errors in monitoring water bodies (Hasan et al., 2009; Hrudey et al., 2006). 

Mobile laboratories, a possible means to solve this issue, are expensive to set up 

and maintain, while a temporary laboratory is justified only if a large sampling 

and analysis is scheduled to be carried out within a relatively small area. Field 

water test kits may be suitable alternatives to the classical techniques (Bain et al., 

2012; CDC, 2010), but they too take up to 24 to 48 hours to provide the results 

because the detection is usually based on manual interpretation. Other issues with 

these include, poor consolidation of the data by the field workers due to the lack 
of specific skills in interpreting the tests and sometimes error due to incorrect 

labeling or missing of labels on sample vials, errors while recording data on 

paper or during data entry on computer is also possible (Rangeti et al., 2015; 

Rizak and Hrudey, 2006; Rizak and Hrudey, 2007). 

Considering the limitations of available coliform detection methods for a mass 

screening of possible microbiological contamination in an acceptable time frame, 
a fast and low-cost detection method suitable for screening microbial 

contamination in the field is highly desirable. Recently, use of smartphone has 

been gaining popularity in the field of rapid detection methods for analyzing 
contamination in water. The different features of smartphone such as digital 

camera, sufficiently fast processor, visual display and wireless data transfer 

capabilities makes them ideal detection system for measuring and simultaneously 

transferring data to cloud databases. Recently, several research articles have been 

published demonstrating feasibility of the smartphone for detecting chemical and 

microbiological contaminants in water, food and clinical samples. For example, 
an enzyme-substrate based colorimetric detection platform for analyzing water 

contaminants using smartphone (Gunda et al., 2014; Gunda et al., 2016); a 

smartphone based fluoride detection device (Levin et al., 2016); evaluation of 

We present a proof of concept for quick screening and alerting of coliform/E. coli contamination in water samples using a device 
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Mie scatters using gyro sensor and digital camera of a smartphone for analyzing 
bacterial contaminants in food sample (Liang et al., 2014); smartphone for 

detecting pH and nitrite in water sample (Lopez-Ruiz et al., 2014); use of 

smartphone camera to evaluate Mie scatter of immunoagglutination reaction 
(Park and Yoon, 2015); a paper based sensor for monitoring pesticide using 

smartphone (Sicard et al., 2015); and development of a smartphone app for 

quantifying pH, protein, and glucose (Yetisen et al., 2014). A comprehensive 
review on smartphone application as a detection tool was done by Rateni et al. 

(2017). However, most of the work described in the art required manual 

intervention either in terms of capturing images or for transferring data to the 
user. Moreover, the methods used for detecting microbial contaminants based on 

cultivation approach do not explain systems required for on-site cultivation of 
bacterial cells. Considering these aspects a smartphone based platform has been 

explored in the present work for detection of microbial contaminants in water.  

The paper describes a proof of concept for a low-cost preliminary screening tool 
to detect and provide an early warning for coliform contamination in drinking 

water using a smartphone with a custom designed attachment. The system 

augments the proven principle of measuring the growth of bacteria by automating 
the detection, thereby, dispensing with a delayed and error prone manual 

interpretation. The concept is to incubate the water sample along with a coliform 
specific growth media and monitor the gradual increase in turbidity due to 

multiplication of bacteria. A smartphone app was developed to capture and 

analyze images of the sample to detect any increase in turbidity over time. It is 
expected that as a consequence of bacterial growth, images of the sample taken at 

regular intervals should show an increase in blurriness over time. Once the 

system detects a sign of bacterial growth, an alert is immediately communicated 
to any interested parties via a messaging system. The turnaround time for sending 

the alert could be around 4 to 12 hours depending on initial concentration of 

bacterial cells. Other information such as geo-location, water source, pictures, 
etc. can also be captured on-site, and communicated as an early warning signal 

on any possible outbreaks of waterborne diseases. 

 

MATERIAL AND METHODS 

 

Design concept 

 

The schematic diagram of the hardware setup designed to detect coliform using a 
smartphone is illustrated in figure 1.  

 

 
Figure 1 Schematic diagram of the coliform detection system using a smartphone, The key components of the hardware setup include 

  

Test Chamber 

 

The test chamber can be made up of sterile glass or plastic, and is designed to 
hold the water sample with coliform specific growth media. Although we 

sterilized the test chamber by autoclaving it at 121 °C for 15 minutes to enable 

reuse, in the field the test chamber would be provided as disposable one time use 
consumables with sterile growth medium in the powdered form (to avoid 

contamination while transferring growth media in the test chamber). During the 

test, the outer surface of test chamber was decontaminated by wiping with 70% 
isopropyl alcohol. After that sample and growth medium were poured into the 

test chamber via the opening on the top, which is then closed with a lid. The 

bottom of the test chamber is made of clear transparent plastic material, allowing 
the camera to take photos of the content. The height of the test chamber is about 

5 cm providing an optimum focal length for the camera to perceive a black and 

white pattern that is placed beneath the inner side of the lid. 

 

Incubator 

 
The cylindrical incubator, made from plastic, holds the heating coil around the 

test chamber. It consists of a heating element (Resistive heating pad by SparkFun 

Electronics®) and a microcontroller-based thermostat to maintain the 
temperature at 37 °C or 44 °C required for optimum multiplication of target 

bacteria. The incubator requires a power supply of 9V/1Amp. Although we used 

an AC/DC adapter to power the incubator, a motorcycle or car battery can be 
used in the field. The incubator can be set to 37 °C to detect total coliform or 44 

°C to detect thermotolerant coliform. The temperature would oscillate at about ±2 

°C from the set temperature due to the heating pad being turned on and off by the 

microcontroller based on the readings of a temperature sensor placed on the test 
chamber. 

 

 

Back case 

 

A plastic rig glued to the outer surface of a removable smartphone back case 
(commonly available in the market) allows for the device to be attached to the 

smartphone. By this, the smartphone itself needs no modification. The back case 

was attached to the phone and the device was then fastened to the rig. This 
arrangement also ensures that the test chamber correctly aligns with the phone 

camera. On completion of the test the device can be removed by detaching the 

back case from the smartphone.  

 

Smartphone Model 

 
The data presented in this work were collected using Asus Zenfone C model 

smartphone (Android version 4.4.2). The built-in camera in this model has a pixel 

density of 5 Megapixel (MP) with autofocus feature, which is modest as 
compared to the market standard (approximately 10 MP). The test should be 

reproducible with other smartphone models. Figure 2 is a photograph of the 

coliform detection device (laboratory prototype) and its components fabricated 
based on the concept as shown in figure 1.  



J Microbiol Biotech Food Sci / Patil et al. 2019/20 : 9 (3) 539-547 

 

 

  
541 

 

  

 
Figure 2 Coliform detection device (Laboratory prototype) a) working prototype, b) individual components 

 

Experimental 

 

Test culture 

 
The present study was conducted using Escherichia coli (E. coli) NCIM 2277 as 

a model coliform bacteria for validating the test concept. The stock cell 

suspension of E. coli was prepared by growing the cells on A1 agar (HiMedia® 
Laboratories, India) at 37 °C for 24 hours. The grown cells were washed off 

using sterile normal saline. The sterile saline was prepared by adding 0.85 g 

(w/v) sodium chloride in 100 ml of distilled water followed by autoclaving at 121 
°C for 20 minutes. The washed cells were pelleted out by centrifugation at 4500 

RPM for 20 minutes. The cell pellet was washed twice using sterile normal saline 

followed by centrifugation for 10 minutes. Finally, the washed cell pellet was 
suspended in 100 ml normal saline and use as a stock cell suspension. The cell 

density of this stock cell suspension was adjusted to obtain a final cell 

concentration in the range of 108 - 109 CFU/ml using McFarland turbidity 
standard. The actual concentration of stock cell suspension was determined using 

pour plate method. This stock cell suspension was used for preparing artificially 

contaminated test water with different concentrations of E. coli. 
During the study two bacterial strains viz., Bacillus subtilis (NCIM 2920) and 

Pseudomonas aeruginosa (NCIM 2036) were used as negative control, whereas, 

Citrobacter freundii (NCIM 5315) was used as a positive control strains in 
addition to E. coli NCIM 2277. These positive and negative control strains were 

mainly used to conform to specificity of selective growth media used during 

analysis of water samples collected from different locations. The positive strains 
used were group of coliform bacteria which supposed to show growth and color 

formation in the media. Whereas, the negative strains used were of Bacillus sp. 

(Gram positive, non coliform) and Pseudomonas sp. (Gram negative, non 
coliform) should not show any growth or color formation in the media. While 

testing, we have manually spiked the positive and negative strains in sterile tap 

water, and the tests were run in parallel as a reference of positive and negative 
control. These control bacterial strains were cultured in nutrient broth medium 

(HiMedia) overnight at 37 °C. The stock cell suspensions of these bacteria were 

prepared by following similar procedure as described for E. coli. All the strains 
used in the study were obtained from National Collection of Industrial 

Microorganisms (NCIM), Pune, India.  

 

Test water 

 
During the study, water samples contaminated with different concentrations of E. 

coli ranging from 100-101, 102, 103, 104, 105, 106, 107, 108, and 109 CFU/100 ml 

were prepared by further diluting the stock E. coli suspension using sterile 
normal saline. At each testing point a specific amount of bacterial cell suspension 

was spiked in 2 liter of sterile tap water as per the required cell concentration and 

used to test the performance of the prototype with respect to detection time. The 
actual concentration of bacterial cell in the test water was determined using pour 

plate method after diluting the sample appropriately in case the bacterial cell was 

assumed to be in the range above 103 CFU/100 ml. Whereas, for determining 
bacterial concentration in the range of 1 to 10 CFU/100 ml membrane filtration 

assay was used (APHA, 2012). 

 

Growth media 

 

A ready-to-use, rapid HiColiform™ broth, recommended for specific growth of 
coliform/E. coli from HiMedia® Laboratories, India [Composition: peptone, 5 g; 

sodium chloride, 5 g; sorbitol, 1 g; dipotassium hydrogen phosphate, 2.7 g; 

potassium dihydrogen phosphate, 2 g; sodium lauryl sulphate, 0.1 g; 
chromogenic substrate X-Gal (5-bromo-4-chloro-3-indolyl-β-D-galactoside), 

0.08 g; fluorogenic substrate MUG (4-methylumbelliferyl-beta-D-glucuronide), 

0.05 g; IPTG (Isopropyl β-D-1-thiogalactopyranoside), 0.1 g per liter of distilled 
water and having a final pH of 6.8±0.2] was used throughout the study. The 

media were sterilized by autoclaving at 121 °C at 15 lbs pressure for 15 minutes. 

The presence of total coliform after incubation is indicated by the bacterial 
growth and development of blue-green colorations in the medium due to the 

cleavage of the chromogenic substrate by β-D-galactosidase enzyme found in 

coliform.  

 

Test Procedure 

 
The experimental procedure used for validating the concept using the laboratory 

prototype involves filtering 100 ml of artificially contaminated water sample 

through sterile 0.45 µ membrane filter paper (Millipore, India) using a membrane 
filtration unit. After filtration the bacterial cells trapped on the membrane filter 

were suspended in a sterile vial with 5 ml of coliform specific growth media by 

moderate shaking. The growth media suspended with bacterial cell was then 
transferred into the sterile test chamber (Note: the industrial design of the test 

chamber will be integrated with filtration unit and provided with sterile growth 

media in powdered form to avoid contamination while eluting bacterial cell in 
growth media and transferring the same in test chamber. Description of such 

design is beyond the scope of this study). The test chamber was then fixed above 

the mobile phone camera using a plastic rig attached to the back case as shown in 
figure 2. During the study, a total of 200 samples spiked with different E. coli 

concentrations were tested to the concept. The actual concentration of E. coli 

present in the water was determined using the pour plate and membrane filtration 
technique (mainly to capture low concentration of bacteria) as per the procedure 

described in APHA (APHA, 2012). In addition, at each test point, two additional 

control tests were run, one solely with growth media to test it’s sterility and the 
second with sterile unspiked test water to determine any variation in growth 

media after adding test water. All experiments were conducted in triplicate using 

independent test chamber and smartphone. The incubation time derived was 
based on an average obtained with at least three tests.  

 

Testing water samples collected from different locations 

 

In addition to the artificially contaminated water sample, the system was also 
tested with 35 different drinking water samples collected randomly from different 

location of Bangalore city, India. The samples were mainly collected from the 

small roadside restaurants, tea stall, households located at Kalyan Nagar, 
Rabindranath Tagore Nagar (RT Nagar), Uttarahalli and Nandini layout. For each 

test, sterile polystyrene bottles (capacity 250 ml) were used to collect at least 

three replicates for each sample. Before analyzing, each sample was tested for the 
presence of residual chlorine using Test-Chlor reagent (Merck, India) as per the 

procedure described on the reagent bottle. If positive for chlorine, the samples 

were neutralized using neutralizing agent (0.1% w/v sodium thiosulphate in 
distilled water) before commencing for actual test as per the UNEP/WHO (1996) 

guidelines for collecting water samples for microbiological analysis. The 

presence/absence of coliforms in these water samples were also evaluated using 

the standard membrane filtration technique (APHA, 2012). In parallel, the device 

was also tested with positive and negative control test water as a reference. The 

controls were prepared by adding the stock cell suspension of the respective 
bacterial strains in a sterile tap water to generate concentration of these bacteria 

in the range of 102 CFU/100 ml. The control samples used during analysis 
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includes, i) sterile tap water spiked with positive and negative control bacterial 
strains and ii) sterile tap water, iii) media control.  

 

RESULTS AND DISCUSSION 

 

Coliform detection via smartphone app 

 
The smartphone app developed for this purpose monitors the sample for a certain 

length of time, typically about 12 hours. During this period, the images of the 

water sample with the growth media in the incubated test chamber were taken at 
an interval of 10 minutes via the smartphone camera. These images are analyzed 

over time by the app to check for the presence of bacterial activity by measuring 

the increase in turbidity. The change in color of the growth media due to 
enzymatic breakdown of chromogenic substrate was also captured in the photos. 

Figure 3 shows images of progression of growth of E. coli with an initial 

concentration of 1.5 × 103 CFU/100 ml captured by smartphone camera through 
bottom transparent window of test chamber.  

 

 
Figure 3 Progression of E. coli growth in coliform specific growth media captured by smartphone camera through the bottom transparent 
window of the test chamber (the time in hours is indicated beneath each image) a) the backdrop pattern is clearly visible, b) the pattern 

starts to become unclear, c) the pattern is completely obscured, d) color change in growth media becomes distinct (yellow to bluish green) 

 
As seen in figure 3, the backdrop pattern was clearly visible up to 1:20 hours (a). 

After that images started to become unclear up to 4:20 hour (b and c) and all the 

following images were completely obscured (d). The color change in growth 
media (yellow to bluish green) starts becoming distinct after 4:30 hours. The app 

will consider the point where the image starts becoming unclear from the original 

image (as can be seen after 2:50 hours) as detection time for determining 
coliform contamination. This information was saved on the app, and uploaded to 

the cloud when possible for dissemination either by short message service (SMS), 

Bluetooth or Wireless Fidelity (Wi-Fi) network. In addition, the app will also 
provide a simple traffic light form indication for bacterial contamination at the 

sample source. This would be especially useful for communities and the general 

public. Without using image processing app and automated alert system the same 
test would need the expected time of 18-24 hours.  

 

Image analysis by smartphone app 

 

Table 1 illustrates the sample of images taken during a test with an initial E. coli 

concentration of 103 CFU/100 ml using coliform specific growth medium and the 
threshold values. After gray scaling the images, the first image being the clearest 

is used to select the areas to analyze. Firstly, the app uses the HoughCircles 
function from the Open Source Computer Vision Library (OpenCV) library to 

find the large circle in the image which constitutes the underside of the test 

chamber lid. Next the app recognizes the dark and light halves of the pattern 
within that circle. Small rectangular portions of the dark and light areas are 

selected (depicted by dotted lines within the images in Tab 1). The same two 

areas are analyzed across all the images. The average pixel value (𝑥 = 𝛴𝑥/𝑛) is 

taken, and the difference (∆ = 𝑥𝑑 − 𝑥𝑙) between these averages were calculated 

(where, 𝑥𝑑 and  𝑥𝑙 are defined as average dark pixel values and average light 
pixel values respectively). A reducing difference signifies an increase in 
turbidity. To prevent the possibility of floating particles from affecting the result 

the app also uses the OpenCV thresholding function to confirm turbidity, wherein 

if the pixel value is lower than the threshold value then it is assigned 0 (black) as 
per the OpenCV Reference Manual (2017). A threshold value of 90 was 

selected by a method of trial and error. The reducing count of non-black pixels 

after applying the thresholding function across the images indicates an increase in 
blurriness.  

 

 

Table 1 Black pixel count after applying the threshold function on images at various stages of E. coli growth 

Count of black pixels Image (Threshold applied) Image taken Description Time 

61864 

  

The backdrop of the test chamber is 

clearly visible.  
At start 

80169 

  

Turbidity is noticed and presence of 

coliforms can be confirmed. 

5 hours 

later 
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85410 

  

The backdrop of the test chamber is 

completely obscured.   
After 6 

hours 

 

Table 1 shows that by applying the threshold function on the images we see the 
count of black pixels gradually increase signifying an increase in turbidity. Figure 

4 shows graphical presentation of the point at which the app detects possible 

contamination and notifies the user about the same. Figure 4a is a line graph 
plotting the values determined by the two methods across the elapsed time and 

figure 4b is the notification that the user would receive once the test has 
completed. This detection time and auto alert method is much faster when 

compared to the traditional manual system of visually determining the presence 

after 24 to 48 hours of incubation period. 

 

 
Figure 4 a) Line graph showing the decreasing clarity in images as analyzed by the two methods b) notification of result 

 
As shown in figure 4, the decision is made at the point where a sufficient change 

has been observed between white and black pixel values. The app continuously 

monitors the difference between the calculated values of initial image against the 
latest image. Once the app detects that the difference has crossed a preset 

threshold value the sample is considered to be contaminated and a notification is 
sent to the concerned parties.    

 

Response time of device with different concentrations of E. coli 

 

In order to determine the response time of coliform detection device for different 

concentration of coliform bacteria, the device was tested with water sample 
spiked with different concentrations of E. coli, i.e. 100-101, 102, 103, 104, 105, 106, 

107, 108, and109 CFU/100 ml, in triplicate for each concentration. The same tests 

were repeated for at least five times during the course of study. The water 

samples were simultaneously tested with a membrane filtration test (as a standard 
reference test). To confirm low level of coliform contamination i.e. in the range 

of 1-10 CFU/100 ml, a membrane filtration test was carried out by filtering 100 
ml and 500 ml of test water in replicates. A representative test data obtained with 

water samples having a concentration in the range of 1-10 CFU/100 ml is shown 

in figure 5. As seen in the figure 5a, the test water with 1-10 CFU/100 ml 
analyzed by membrane filtration assay shows bacterial colonies after 24 hours of 

incubation. Since the tests were done in replicates, some plates have not shown 

any colony formation. Similar results were obtained by the coliform detection 
device for the same water samples. 

 

 
Figure 5 Analysis of test water contaminated with coliform at concentration of  1-10 CFU/100 ml test water by, a) 

membrane filtration assay (coliform is counted as the dark blue colonies on the membrane filter) b) images taken by the 

coliform detection device during the test 
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Figure 6 illustrates the variation in the response time of the system for different 
concentrations of E. coli in the test water ranging from 101 - 108 CFU/100 ml. As 

seen in figure 6, it was found that the detection time reduces from 12 to 4 hours 

when E. coli concentration was increased from 1-10 CFU/100 ml to 108 CFU/100 
ml. The data also show a linear relationship between cell concentrations with 

respect to the time and thus the test could possibly also be used to interpret data 

semi-quantitatively or quantitatively with further optimization.  

 
Figure 6 Time response of detection system with respect to E. coli concentration  

 

Data of water samples collected from different locations 

 

In addition to the artificially spiked E. coli samples, the system was used to test 

35 water samples collected from different locations in Bangalore city, India. The 
water samples were mainly from roadside restaurants, households, municipal tap 

water, hand pumps and wells which people used for consumption. To confirm the 

actual concentration of E. coli, all the samples were also tested using a standard 
membrane filtration assay after appropriate dilution. All the controls were run as 

a reference test during observation. Figure 7 illustrates a representative test data 

obtained from control samples. As seen in the figure 7, test water spiked with 
Bacillus subtilis (Gram-positive bacteria) and Pseudomonas aeruginosa (Gram-

negative bacteria) show no evidence of growth. Whereas, the test water spiked 
with Citrobacter freundii (Gram-negative coliform bacteria) and E. coli shows a 

positive test for coliform detection. Sterile test water and media control does not 

show any presence of bacterial growth. 
  

 

 
 

 

 

 

 

 

 
Figure 7 Data from control samples a) water sample spiked with Bacillus subtilis b) water sample spiked with 

Pseudomonas aeruginosa c) water sample spiked with Citrobacter freundii d) water sample with sterile tap water e) 

media control. 
 

Table 2 depicts the data obtained by testing water samples collected from 

different locations in Bangalore city using coliform detection device and 
membrane filtration assay. As seen in Table 1, the time required for detecting 

presence/absence of coliform depends on the concentration of bacterial 

population present in the water samples. Thus, data on a high risk water sample 
can be communicated at an early stage. 

 

Table 2 Testing presence coliform bacteria in water samples collected from 
different locations in Bangalore, India. 

 

Sample 

# 

 

Locations 
Proposed device 

Membrane 

Filtration 

 

 

Presence/A

bsence 

per 100 ml 

sample 

Detectio

n time in 

hours 

(Hours: 

Minutes) 

Number of 

coliforms 

per 100 ml 

sample 

1 Household, Kalyan Nagar Present 08:45 13 

2 Household, Kalyan Nagar Present 11:30 3 

3 Restaurant, Kalyan Nagar Present 05:30 1.2 × 103 

4 Office tap water, Kalyan Nagar Present 08:40 41 

5 Roadside meal, Kalyan Nagar Present 03:40 2.52 × 105 

6 Roadside stall, Kalyan Nagar Present 06:00 1.3 × 104 

7 BDA complex, RT Nagar Present 12:00 2 

8 Roadside meal, RT Nagar Present 06:00 1.46 × 103 

9 Restaurant, RT Nagar Present 07:00 122 

10 Restaurant, RT Nagar Present 04:30 4.9 × 103 

11 Tap water, RT Nagar Absent 12:00 0 

12 Juice shop, RT Nagar Present 03:50 5.5 × 104 

13 Tap water, Nandini Layout Present 08:10 12 

14 Fast food stall, Nandini Layout Present 02:40 7.2 × 106 

15 Borewell water, Nandini layout Present 04:10 6.2 × 105 

16 Bakery, Nandini Layout Present 07:40 87 

17 Bakery 2, Nandini Layout Present 05:30 4.9 × 103 

18 Pool site, Uttarahalli Present 11:50 3 

19 Borewell water, Uttarahalli Present 07:50 68 

20 Construction site, Uttarahalli Present 06:00 9.15 × 102 

21 Tap water, Uttarahalli Present 10:10 8 

22 Sweet shop, Uttarahalli Present 05:40 1.2 × 103 

23 Tea stall, Chowdaiah layout Present 08:30 56 

24 
Roadside meal, Chowdaiah 

layout 
Present 05:10 2.4 × 103 

25 Household, Chowdaiah layout Present 07:30 45 

26 Tea stall, Sultanpalya Present 05:30 1.1 × 103 

27 Hotel, Rajaji Nagar Present 09:50 6 

28 Hotel, Richmond Circle Present 08:30 58 

29 Hotel, Langford Road Present 05:00 1 × 103 

30 Tap water, Yelahanka Present 05:50 6.4 x 102 

31 Tap water, Gokarna temple Present 09:30 12 

32 Tap water, Kamalashile temple Present 07:10 120 

33 Filtered water, Dharwad Present 04:50 2.52 × 105 

34 Tap water, Bilekahalli Present 03:10 1.3 × 106 

35 Tap water, Bilekahalli Absent 12:00 0 
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Most traditional methods of bacterial detection either in the laboratory or field are 
based on observing bacterial growth in specialized growth medium which favors 

selective growth of the target contaminants. In such methods the results are 

observed only at the completion of the test which could be after 24-48 hours of 

incubation. Generally, in a clear liquid growth medium the sign of bacterial 
growth starts appearing when the cell density reaches at a level of 106-107 

CFU/ml (Lewis et al., 2014).  

 

 

Table 3 Comparisons of coliform detection test kits available in the market 

Product Manufacturer/Website Type of test 

Sample 

volume 

(ml) 

Detection 

time 

(Hours) 

Automatic 

detection 

/Early 

warning 

Accessories/ 

Other 

requirements 

Cost 

per 

test  

(USD) 

Proposed Device - P/A* 100 4-8 YES Smartphone 0.50 

3M Petrifilm™ 

 

3M 
www.3m.com 

 

CFU/ml (Q)** 
1 24 NO - 1.59 

Aquatest 
University of Bristol 

www.bristol.ac.uk 
P/A 100 24 NO - 4.24 

Bactaslyde  
Rakiro Biotech Systems Pvt. Ltd. 

www.rakiro.net 
CFU (SQ)*** ~1 18-24  NO - 21.20 

ChekNsee  
Rakiro Biotech Systems Pvt. Ltd. 
www.rakiro.net 

P/A 100 24-48  NO - 4.63 

Colifast 
AquaFluor 

www.turnerdesigns.com 
P/A 10 2-11 NO 

Fluorescence 

detector, incubator 
8.00 

Colilert (P/A) 
IDEXX 

www.idexx.com 
P/A 100 24 NO Incubator 5.97 

Colilert 250 
IDEXX 
www.idexx.com 

P/A 250 24 NO Incubator 5.76 

Colilert Quanti-Tray/2000 
IDEXX 

www.idexx.com 
MPN (SQ) 100 18-24  NO Sealer, UV light 6.94 

Colilert®18 (P/A) 
IDEXX 

www.idexx.com 
P/A 100 18 NO Incubator 5.76 

Coliplate 
Bluewater Bioscience Inc. 
bluewaterbiosciences.com 

SQ 100 24 NO Incubator, UV light  10.88 

Coliscan CWK10 
Micrology Laboratories 

www.micrologylabs.com 
P/A 5 36-48  NO - 3.28 

Coliscan® MF 
Micrology Laboratories 

www.micrologylabs.com 
CFU/100 ml (Q) 100 18-24  NO - 4.75 

Colisure® (P/A) 
IDEXX 
www.idexx.com 

P/A 100 24 NO Incubator 5.76 

Compartmentalized bag test 

(CBT) 

Aquagenx 

www.aquagenx.com 
MPN (SQ) 100 24 NO - 7.39 

E*Colite 
Charm Sciences, Inc. 

www.charm.com 
P/A 100 24-48  NO - 9.64 

EC Blue100P 
Nissui Pharmaceutical Co. Ltd. 
www.medica-tec.com 

P/A 100 24  NO UV source  6.12 

EC BlueQuant 
Carl Roth GmbH + Co. KG 

www.carlroth.com 
MPN (SQ) 100 24  NO Incubator, UV light  19.04 

Hach Bacteria Bottle 
Hach 

www.hach.com 
P/A 100 24 NO - 4.21 

HiWater Test Kit 
Hi Media 
www.himedialabs.com 

P/A 100 24  NO - 8.33 

Lamotte® Total Coliform Test 

Kit  

LaMotte 

www.lamotte.com 
MPN (SQ) 100 40-48  NO UV light 15.80 

Microtester Pro E.coli water 

testing Kit 

Simpltek 

www.simpltek.com 
CFU/ml (Q) 10 2-15  NO UV light 7.71 

Modified Colitag™ 
CPI International 

www.cpiinternational.com 
MPN (SQ) 100 16-48  NO 

                                                                                                                         
Incubator, UV 

lamp  

6.06 

mWater test kit  
mWater 
www.mwater.com 

CFU/ml (Q) 1 24 Yes - 8.94 

Rapid Hicoliform Test Kit 
Hi Media 

www.himedialabs.com 
P/A 100 24  NO Incubator, UV light  3.47 

Readycult® 
EM Science EMD Chemicals 

www.vgdusa.com 
P/A 100 24  NO - 5.42 

Water Pollution: Coliform 

Presumptive Test Kit 

Carolina Biological 

www.carolina.com 
P/A  10 24-48  NO Incubator  4.96 

Water Works Bacteria test kit 
Filterwater 
www.filterwater.com 

P/A 100 24 NO - 10.55 

Watercheck™[BWB] 
Bluewater Bioscience Inc. 

www.bluewaterbiosciences.com 
P/A 100 48-72  NO - 8.21 

WaterWorks™ EZ Coliform 

Cult Bacteria 

Industrial Test Systems Inc. 

www.itseurope.co.uk 
P/A 100 24-48  NO - 8.68 

WaterWorks™  
Industrial Test Systems Inc. 
www.itseurope.co.uk 

P/A 100 24-48  NO - 5.21 

Zayho Zayho/www.zayho.com P/A 10 24-48  NO - 13.73 
*P/A, Presence/Absence; **SQ, Semiquantitative; ***Q, Quantitative 

Disclaimer: The information in this price list is presented in good faith and believed to be correct at the time of this article. The prices were obtained from the vendors’ websites and we make 

no representations or warranties as to the completeness or accuracy of the information. 

 

Considering the bacterial generation time, the time required to achieve this 
threshold depends on the initial number of bacterial cells (Powell, 1956; Wang et 

al., 2015). Thus, higher levels of contamination can be detected at a much earlier 

stage. Although the system described in this work measures growth of coliform 
like any other conventional method, continuous monitoring of bacterial growth 

and receiving of an early alert as soon as a visible sign of contamination is 

http://www.3m.com/
http://www.bristol.ac.uk/
https://www.idexx.com/water/products/colilert-250.html
https://www.idexx.com/water/products/colilert-250.html
https://www.idexx.com/water/products/colilert-250.html
https://www.idexx.com/water/products/colilert-250.html
http://bluewaterbiosciences.com/
https://www.idexx.com/water/products/colilert-250.html
https://www.aquagenx.com/why-the-cbt/
http://www.medica-tec.com/
http://www.carlroth.com/
https://nl.hach.com/e-coli-and-total-coliforms-p-a-test-pk-12/product?id=24759897259&callback=qs
http://www.himedialabs.com/HML/images/literature/pdf/100000021/23.pdf
http://www.lamotte.com/en/microbiological/coliform/4-3616-uv.html
http://www.cpiinternational.com/products/microbiological-testing/colitag.html
http://www.mwater/
http://www.himedialabs.com/HML/images/literature/pdf/100000021/23.pdf
http://www.vgdusa.com/ReadyCult.htm
http://www.filterwater.com/pc-359-9-bacteria-water-test-coliform.aspx
http://bluewaterbiosciences.com/index.php?main_page=product_info&cPath=&products_id=3
http://www.zayho.com/
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detected is an innovative features in the work. In addition, the changes in color of 
the media are captured by the camera, which happens as a result of breakdown of 

chromogenic and fluorogenic substrate, X-Gal (5-bromo-4-chloro-3-indolyl-β-D-

galactoside) and (4-methylumbelliferyl-beta-D-glucuronide) respectively due to 
the presence of enzyme β-D-galactosidase and β-D-glucuronidase in a coliform 

group of bacteria. This also signifies confirmation of target bacteria. The 

laboratory prototype of coliform detection device (figure 2) has been repeatedly 
tested at least five times with different concentrations of coliform to determine 

the sensitivity of the test. The results obtained showed that to detect 1-10 

CFU/100 ml it requires approximately 8-12 hours. It was found that for samples 
having a concentration in the range of 103-106 CFU/100 ml, the results can be 

interpreted within 4-6 hours time (figure 5). In addition, the user gets an alert as 
soon as the system detects the presence of coliform, which reduces the time 

required for observing and interpreting data visually. This was further confirmed 

by analyzing water samples collected from different locations. The membrane 
filtration technique, used for confirming the results, estimates coliform 

contamination only after 24 hours irrespective of the level of contamination in 

water samples, whereas, the testing done with the proposed device was able to 
detect contamination within 4-12 hours. Further, the results may also be 

extracted, transferred to a database and used for mapping high risk area with 

respect to waterborne diseases. The detection system developed in the work if 

implemented, would be simple to use and can be easily carried to almost any site, 

thus benefiting regions that lack access to water testing facilities and thus has 

potential to use in the field. The costs involved are minimal and the test chamber 
and incubator that is used can be produced in small facility with minimal 

investment. The consumables are also easily available or can be prepared as a 

batch and stored. The selective media used in the system is commercially 
available. Old unused smartphone can be utilized to further reduce the initial cost 

of the system. Table 3 provides a comparison of the coliform detection method 

developed in the current work against most commonly available coliform 
detection kits in the market. Costs mentioned in the table are per test without 

considering the upfront costs of equipment and accessories and based on 

consumable required per test.  
As seen in the Table 3, all the tests are based on three main approaches to detect 

coliform contamination i.e. Presence/Absence based on detection of growth or 

color change, quantitative enumeration as colony forming unit using membrane 
filtration or plating and a semi quantitative most probable number (MPN) test 

where a dilution and a statistical method is used to estimate the level of 

contamination. Also evident is that the estimated cost of current test device is 

comparable to the other test kits. 

In the current study, on-site analysis using the device was not carried out and 

would be scheduled for later stages. One of the challenges we may face during 
on-site analysis could be dealing with high levels of turbidity at some sources due 

to the presence of suspended particulates. This issue can be tackled by passing 

the water sample through a pre-filter before passing it through the membrane 
unit. In conclusion, for resource poor settings or regions that does not have access 

to water testing laboratories, or technical expertise, the smartphone-based 

detection system developed in the work holds promise. 
Future scope of the present study involves, extensive study on performance of 

device in presence of mixed bacterial strains, analysis of different smartphone 

models and its effect on the quality of pictures taken by its built-in camera, 
enhancing the sensitivity of the detection system to further reduce the time frame, 

externalizing the camera so that multiple tests can be carried out using a single 

smartphone and investigating the possibility of optimizing the image processing 
software for quantitative test. Application of the above test system for detection 

of other pathogenic microorganisms present in water and food is also one of the 

focus areas of our present work. 

 

CONCLUSION 

 

We have proposed a proof of concept for a low-cost device that can be attached 

to a smartphone, custom designed test chamber and image processing software to 

detect the presence of coliform/E. coli contamination. The smartphone camera 
and image processing software are designed to monitor active multiplication of 

bacteria in a selective growth medium and programmed to send an alert as soon 
as the sign of growth is evident within a time period of 4 to 12 hours. The test is 

suitable for on-site field application and can be performed without the 

requirement of expensive laboratory facilities. The software application 
integrated with the test was also designed to eliminate the scope of user errors in 

interpretation of the test result.  
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