Summary

The purpose of this research is to create an innovative, hand-held
measurement device, using typical Smartphone technology, that can
measure nitrates in contaminated bodies of water, and
geographically share that information via the web. The intent is to
create a crowd-sourced GPS map of nitrate water contamination, to
alert consumers of the hazard, and assist in pollution remediation
and prevention.
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Figure 3a-c: (a) UV/Visible spectra of the serial dilutions of nitrate standard, so that the absorbance at 540 nm can be measured to validate standard linearity; (b) 540nm Absorbance
data for 10-100 ppm Nitrate calibration standards; (c) Nitrate UV/Vis Calibration Curve for Absorbance readings at 540 nm indicates that the standards show excellent linearity
throughout the concentration range using a typical (PerkinElmer Lambda 2) spectrometer, with a 10mm pathlength cell.
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Countless fertilizers and plant-conditioning products utilize nitrates,
which catalyze the process of eutrophication when introduced into
an aquatic ecosystem. Due to the frequent fluctuation of dissolved
oxygen levels in hypoxic waterways, it is difficult to accurately
detect nitrate levels without the use of a crowd sourcing platform.
During the day phytoplankton populations grow exponentially
where nitrates are present in abundance, while at night most die off,
which results in a serious drop in dissolved oxygen levels because
of the hyper-active feeding frenzy of decomposers. To combat this
drop in dissolved oxygen levels effectively, a crowd-sourcing
detection method is essential in order to accurately, efficiently, and
rapidly tag problematic zones. By introducing both a
Sulphanilamide coupled with N-(1-naphthyl)-ethylenediamine
dihydrochloride compound and zinc powder into the water sample,
and by measuring the color emitted from the solution, through
image analysis and supervised machine learning, the mobile
platform will be able to measure the quantity of nitrates that are
present in the given water source. The mobile image analysis
system uses a picture's RGB values to correlate color intensity to
nitrate concentration through an R-based Shiny web application.
The method has a minimum detectable limit of 2 ppm, and a percent
error of 3.8%. Through the implementation of colorimetric analysis
of given solutions by the utilization of the user’s phone camera, one
may attain information on nitrate concentration levels in the tested
body of water, which will be uploaded to a database that all
contributors may access, thus allowing for the general population to
acquire data about their surrounding aqueous environments.

Crowd-Sourced Detection and Mapping of
Nitrate Water Pollutants via a Mobile WebBased Image Analysis System
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Figure 4: Photography of 10-100 ppm Nitrate Calibration standards, in the same 10mm cuvette used in the traditional UV-Visible Measurements.

Nitrate pollutants in water will be detectable by visible (pink) color
change, via the addition of Griess reagents. The concentration of
nitrates (in water) will be directly related to degree of color after the
addition of Greiss reagents, so that Red-portion of the RGB (red,
green, blue) values of a Smartphone-derived image can be
correlated to Nitrate concentration through an R-based Shiny
application. Nitrate content within the polluted body of water will
be shared via the web, along with the GPS location, to create a
crowd-sourced map of problematic areas.

Mobile Camera Remote
Detection Scheme

The analysis of treated solutions with MIAS, a image
analysis software, determined that solutions with darker
shades of pink will provide higher R values in the RGB
color spectrum. As seen above, from 100 ppm to 10 ppm,
the linear regression of red value outputs, corresponds to
the level of intensity of color. Thus the inference is that
the disparate intensities of color, in the above mentioned
solutions, will relate to the absorbance levels determined
by the UV spectrophotometer. Finally, R values may give
insight to the parallel between intensity and absorption
rates, which will be utilized to determine concentrations
of Nitrate in given areas of water.
Figure 5 (above): Nitrate Calibration Curve for iPhone Camera Images of 10-100 ppm Nitrate serial dilutions, where the
RGB values were determined using FIJI, a shareware application. The linearity of the RGB values with concentration
demonstrates the efficacy of a mobile image color-to-concentration technique and algorithm.

Remote Sensing & Linearity of Nitrate Calibration Standards in
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Figure 6: Smartphone image sensing of 30ml of 17.5, 35, 70, and 100ppm Nitrate Calibration Standards when collected and later treated with coloring
reagents in individual Collection Cups.

A white, opaque Dixie cup is submerged into the contaminated body
of water; a ~30 ml water sample is withdrawn. In step 2, Greiss
reagents and zinc powder are added to the water sample, mixed, and
allowed to sit for 3-5 minutes for development of the pink color
associated with the presence of NO3- contaminants. The solution
(within the cup) is then photographed; the R value is determined via
MIAS, followed by the NO3- concentration.
This NO3concentration is then shared via the web, along with the GPS
location of the measurement, to build a water contamination map.
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Figure 2a-c: Creation of Serial dilutions from a 0.1 Molar NaNO3 standard, to eventually
be used to validate linearity of the Smartphone-image detection system

A 0.1M NaNO3 solution was created in deionized water, and used to
eventually create 10-100 ppm calibration standards. Greiss reagents
and zinc powder from a NO3- Profi testing kit were added to each
calibration standard, producing a pink color that darkens with NO3concentration. The Absorbance at 540nm was measured for each
calibration standard, to produce a Beer’s Law calibration curve
(Figs. 3a-c).

To validate whether the Mobile Image Analysis
System could accurately detect nitrates when
collected in the collection tube, NO3- calibration
standards ranging from 17.5–100 ppm were each
sampled, and the coloring reagents were added.
After 5 minutes of, an image of each solution
within the collection tube was taken (through the
viewing port) via a mobile camera. The Red
Color Value was determined for each calibration
standard (Fig. 7a), and plotted against the original
nitrate concentration. The relation is remarkably
linear, with a R2 correlation of 0.987. This linear
fit highlights the predictable and accurate
response for remote nitrate detection using the
proposed “Collection Cup – MIAS ” system.
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Figures 7a-b. (a): MIAS software was used to determine the Red Color values for each
Nitrate Calibration Standard, from 17.5-100 ppm. (b) A plot of Nitrate concentration versus
Red Color value shows remarkable linearity., with an R2 = 0.987.
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The Mobile Image Analysis System application was largely created
through the use of the R programming language. A Shiny
application was integrated in order to account for the users intended
mobile experience, which may be accessed through the web. As
seen below, the user interface displays a leaflet (map API for R) that
contains key markers, which are placed down by corresponding
users that upload an image of their intended water sample and
location. The data is then presented to any user entering the
application, in which the user may click on the marker in order to
ascertain the corresponding nitrate value detected. The app utilizes a
supervised machine learning algorithm to create an inferred
equation that is used to subsequently correlate un-tested values
(essentially all values not analyzed in Figure 4). This equation runs
in parallel with the breakdown of the photo into its subsequent
hexadecimal identifiers, and then further into their subsequent
nitrate values. The hexadecimals are those values seen in Figure 9b,
where a string of numbers and letters is combined in order to
identify a color.
Figure 9a: Mobile
Image Analysis System
screenshots from web
hosted session with input
values of benchmark
nitrate values used
above. User interface
(UI) displays leaflet map
API and the process by
which images are broken
down into hexadecimals
and further correlated
using supervised
machine learning in
order to ascertain
nitrate concentration.
Figure 9b: An overview
of the general UI is
presented which shows
the screen the user is
presented with when he
or she loads the
application. This screen
displays all data points,
which are interactive
with a plot of the user’s
taken photo and
displayed Nitrate
concentration.

Discussion
Current methods of detection include the use of expensive and
impractical devices that are submerged at a few points along the
coat of a body of water. Because of the inefficiency of this
conventional detection system, a much needed remote nitrate
sensing has been devised and proven functional, using the portable
and easy-to-use imaging capabilities of a mobile phone’s camera. In
this Mobile Image Analysis System (MIAS), ~100ml of a standing
body of water is collected via an easy-to-use collection cup. The
water is then treated for colorimetric analysis using inexpensive
reagents known as the Griess reagent and zinc powder. After 5
minutes, the solution’s Red Color Value is determined by the MIAS
detection application, and compared to a calibration of Red Color
vs. Nitrate Concentration (ppm), to determine that water’s nitrate
contamination. This method has been proven valid and linear by in
lab testing that has compared the R values between 100, 70, 35, and
17.5 ppm of nitrate in the collection cup (after the Griess reagent
was introduced with zinc powder), due to there being an R2 value of
approximately 0.987. The important part of this project is included
in its ability to detect for Nitrate concentrations that border on levels
that are safe for human consumption, which is 2.0 ppm. At this
level, the MIAS application has a percent error of approximately
4%, yielding its conclusion to little speculation on its reliability.
Lastly, the crowd sourcing aspect of this method encompasses the
utilization of a google spreadsheet and R leaflet app to pool data
and their subsequent location points.

Conclusions

-

To examine the technique’s validity
beyond the excellent linearity that Red
Value calibration produced (R2=0.987),
images were taken (in the collection cup)
for 2-100ppm NO3- standards, and Red
Color
values
were
calculated.
Experimental NO3- was determined for
each via MIAS, and compared to actual
nitrate concentration (in Figures 8a-b).
Results indicate that the newly proposed,
portable, and easy-to-use Mobile-based
MIAS system can detect nitrate levels
from 2-100ppm with an accuracy of +/4%.
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Figures 8a-b.
(a, above): Comparison of
MIAS Nitrate Detection versus
the Actual value for solutions
measured; (b, right) Graphical
comparison of measured vs.
known nitrate concentrations
for 2-100 ppm “simulated”
contaminated water samples.

All aspects of the original hypothesis were met. Specifically:
• A simple and easy to use Remote Sensing System (MIAS) was
devised, based on a Smartphone mobile camera, to detect Nitrate
pollutants in a standing body of water.
• The MIAS is based on Image Interpretation of an image’s Red
color values using supervised machine learning software.
• The MIAS detection for 0-100 ppm nitrate is highly linear (R2 of
0.987), with an accuracy of +/- 4%.
• The minimum detectable limit (MDL) for NO3- in water via the
MIAS system is ~2 ppm, which is below the “safe for human
consumption” threshold of 3 ppm.
• Using MIAS, the nitrate levels are shared, along with GPS
coordinates, to create a crowd-sourced water-quality map, to be
used for consumer protection and remediation planning.

Future Research
In order to further my research, the implementation of this detection
method in regard to other pollutants could further produce
substantial and accurate data that a community could access. The
detection of a whole range of harmful pollutants could allow for a
community to understand their environment further, and take
additional precaution if necessary.
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Unless otherwise noted, all images and graphs were taken and created by the student
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