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Measuring the spectra of incident light via a diffraction grating system enables the 
chemical composition behind what emitted such incident light to be measured. Such a 
principle, which is one of the primary uses of a spectrometer, is the foundation for 
enabling the realization of our intent to evaluate the quality of water on the UGA 
campus in a systematic fashion. Applying a design structure that enables the back-
illuminated sensor (BI) camera system of the iPhone and an optical spectrometer 
apparatus was facilitated by 3D printing, following consideration of the dimensions of 
the iPhone itself as well as the dimensions of the diffraction grating. After such a system
was constructed, the water quality from various drinking fountains located on 
representative locations of the campus was evaluated via quantitative comparisons with 
a reference sample of pure distilled water.

I. OBJECTIVE

The composition of water within various 
sources located upon the UGA campus is a 
system of interest, appropriately analyzed using a
spectrometer. In particular, contaminants of 
water has widespread causal implications, the 
manner of which can be inferred not only from 
the composition of such contaminants itself, but 
also the sources from which they originate. As 
such, the local water quality of the University of 
Georgia system will be inferred by the presence 
of detected pollutants1 in conjunction with 
region-specific samples within the campus 
system. However, evaluating the results from a 
spectrometer is limited in that such an apparatus, 
without additional accessories, indicates the 
composition of a system but not the abundance 
of its components. Therefore, it is not 
methodologically appropriate to draw 
conclusions on the degree of contamination 
present, but rather on the traits of water on the 

1 "USEPA List of Priority Pollutants." The Environmental 
Science of Drinking Water (2005): 243-45. USEPA Priority 
Pollutant List. Environmental Protection Agency. Web. 10 
Dec. 2016. 
<https://www.epa.gov/sites/production/files/2015-
09/documents/priority-pollutant-list-epa.pdf>.

basis of the set of generally-regarded pollutants 
with distinctive line profiles. Regardless, a 
proper treatment of such a goal necessitates a 
more sophisticated apparatus than what is 
available, therefore the methodology must be 
reconsidered as in section V.

The overall goal for this project is to 
provide a better understanding of the relation 
between water source and water composition; as 
a typical university campus provides a dynamic 
spatial variety of such sources, it is particularly 
appealing for such a purpose. In order to increase
the resolution of information, these sources will 
be restricted to the quality of drinking water from
fountains. The use of data from other sources 
outside the campus is expected to either highlight
important relations and/or distinctions, or 
provide little additional information.

II. BACKGROUND: THE
INTERSECTION OF SPECTROMETRY

AND EVALUATING POLLUTANTS

In a macroscopic fluid distribution, it is 
an extremely improbable event for there to exist 



a single compound distributed throughout the 
entire volume. Metrics of pollution, therefore, 
are generally truncated. Justifying an acceptable 
standard of what constitutes an impurity depends
on many variables, namely the complexity of the 
dihydrogen monoxide spectrum and the 
limitations of the experimental system. Merely 
taking note of anything that does not conform to 
the water spectrum is not a trivial matter, as the 
water molecule demonstrates a great deal of 
complexity at its various degrees of freedom.2 To
do so would necessitate extensive error reduction
and interpolation from a comprehensive backlog 
of chemical spectra, and distinguishing between 
them would also require permutation operations.

Figure 1: The absorption spectrum of water, as a
function of photon wavelength; in the case of our
experiment, the visible range absorption well 
occupied the effective bandwidth of 
measurement.

It is therefore desirable to search for the 
pollutants generally expected from the 
surroundings based on industrial and 
environmental behavior. In this circumstance, the
corresponding spectra to these pollutants may be 
added to the basic water line profile (see Fig. 1) 
and compared statistically with the 
experimentally-observed line profile of the given
samples.

2 Chaplin, Martin. "Absorption Spectrum." Van Nostrand's 
Scientific Encyclopedia (2005): n. pag.Water Absorption 
Spectrum. Web. 10 Dec. 2016. 
<http://www.acamedia.info/sciences/J_G/envrad/microwav
es/Water_absorption_spectrum.pdf>.

In the actual measurements of the sample,
a light source of a given bandwidth (which is 
adjustable by passing photons of multiple 
frequencies through a slit) should pass through 
the sample prior to reaching the 
spectrophotometer. 

III. NECESSARY MATERIALS AND
SCHEMATICS

The use of a phone addresses the need for
a BI device system; with the appropriate 
hardware attachment, it is straightforward to 
open the camera app native to the phone – and 
development efforts will be based around the 
iPhone – and then capture a picture. The question
of analysis behind this picture, in being applied 
to the framework of water quality concerns, is 
elucidated in section III. The spectrometer case, 
while serving its primary purpose of optimizing 
incident intensity, would appropriately be created
using PLA filament from a 3D printer. Of 
important consideration in deciding upon the 
dimensions of a well-made spectrometer shell 
enclosure is the dimensions of the iPhone and its 
camera. Details follow in section III. 

The proper orientation of these materials 
will further simplify analysis (e.g. Eq. 1). In 
other words, the angle of incident light through 
the grating should be equal to zero owing to the 
reduction of multiple functions, such as Snell’s 
Law, that such a condition brings. Since the 
engineered grating will be fixed, the angle of 
incidence will need to be modified via proper 
orientation of the sample. This may be done via 
trial and error or by plugging in the refractive 
indices of the sample and container into Snell’s 
Law followed by utilizing an angle measuring 
tool to have the sample orientation conform to 
the foregoing results. 



Figure 2: The spectrometer case, prior to being 
attached to phone via clip and having a 
diffraction grating inserted.

IV. CALIBRATION PLAN

The 3D printer interface used was a CAD
program, namely tinkercad, that facilitates 
correspondence to the general design principle 
outline. The iPhone areal dimensions, with a 
height of 138.1 mm and width of 67.0 mm, must 
be conformed to by the base of the spectrometer 
case. The case must also accommodate, via an 
appropriately-sized and positioned slot hole, a 
cylindrical attachment that contains a diffraction 
grating. 

Another aspect of calibration to be 
considered is ensuring uniformity in the 
conditions of the experimental procedure, given 
the relative sensitivity to environmental 
influences, the components of which is outlined 
in the following section.

V. EXPERIMENTAL OUTLINE AND
DATA ANALYSIS

Water sourced from drinking fountains 
distributed throughout representative sections of 
the north, south, east, west, and central campus 
was collected, for a total of six water 
measurements from five locations (see Fig. 3). 
All glass containers used for acquiring samples 
were of the same variety, conforming to the same
manufacturing standards. 

White light was chosen as the input 
source passing through the samples prior to 
being fed through the spectrometer. The higher 

bandwidth offered by such a spectrum had the 
benefit of being able to more easily detect 
symmetries in the spectral patterns of the various
measurements taken. 

Each of the measurements done with the 
spectrometer apparatus were taken at the same 
location under the same conditions (to the 
greatest degree possible; uncertainty propagation
will account for any other sources of error). 

Analysis is permitted to be facilitated via 
the use of a free app. In this case, we utilized the 
LearnLight Spectrometry app, then exported the 
line profile data to a spreadsheet format.

Figure 3: Locations where samples were 
retrieved are circled in blue. They are, from 
north to south: the Main Library, Brumby Hall, 
Physics Building, Joe Frank Harris Commons, 
and the Center for Applied Isotope Studies.

Beer’s law may be necessary for 
converting the output intensity measurements to 
an absorption profile, via the relation



       (1)

where  is the absorption,  is the intensity, and
 is the wavelength of the transmitted light. 

Transmittance is a trivial calculation with this in 
consideration, via the relation:

   (2)

Due both to the ease and informativeness 
of such calculations, it is common to see these 
values recorded alongside intensity as functional 
outputs of spectrometric measurements.3

Two complementary sets of these outputs 
were recorded: one corresponding to the water 
samples collected from the sources disclosed in 
the foregoing, and another control set 
corresponding to a reference sample of clean 
water. The choice of clean water was 
commercially-available boiled and distilled 
water. Therefore, in evaluating either a modified

 algorithm (where the expected curve was 
instead replaced with the data set corresponding 
to the clean water reference) or the more 
computationally-straightforward column 
correlation between the two sets of data, the 
overall purity of the water (limited by the optical 
range of the BI device itself) could be derived. 
Plotting the two data sets along the same axes, 
with the results seen in the appendix, contributed
further to a qualitative understanding of 
impurities, to be discussed in the following. 

VI. RESULTS

In evaluating the measurement results 
through the first processing step of utilizing the 
app on hand, multiple outputs were retrieved. 
These corresponded to both the observed 
solution’s and the reference solution’s intensity 
spectrum (in RGB components and in total), in 
addition to the converted (via a simple algorithm 

3 21, Lecture, and 
Www.physics.uoguelph.ca/~Pgarrett/teaching.htm. (n.d.): 
n. pag. Absorption and Transmission of Light and the Beer-
Lambert Law. University of Guelph. Web. 10 Dec. 2016. 
<https://www.physics.uoguelph.ca/~garrettp/teaching/PHY
-1070/lecture-21.pdf>.

utilizing Eqs. 1 and 2) absorbance and 
transmittance. However, since both absorbance 
and transmittance depends on intensity 
measurements, the total intensities of the two sets
of solutions as a function of wavelength was the 
priority interest. Additionally, since the program 
required the experimenters to hand-calibrate the 
reference spectrum orientation and width, there 
was a good deal of variation for each of the 
reference measurement results despite all of them
conforming to the same sample measured under 
the same conditions. Therefore, further statistical
data reduction was necessary in order to evaluate
the overall standard deviation, variance, and 
standard errors between these six sets. That with 
the lowest values of these outputs (with

 and ) was selected as the 
reference spectrum to be used for all evaluations 
of observed sample purity.

The following values for column 
correlations corresponding with  are 
outlined in Table 1:

Sample 1 (Physics Building - 
Central)

           -0.0811

Sample 2 (Physics Building 
[control] - Central)

           -0.2716

Sample 3 (Main Library - 
North)

            0.3743

Sample 4 (Brumby Hall - 
West)

            0.3577

Sample 5 (Center for Applied
Isotope Studies - South)

            0.2355

Sample 6 (Joe Frank Harris 
Commons - East)

            0.4827

Table 1: Correlations between observed and 
reference samples as measured for each location
from which the observed samples were retrieved.
The degree of correlation (e.g. a higher value) 
corresponds to the degree of water purity to the 
extent that is reasonably attainable.

Standard Deviation            0.1347
Variance           0.01815

Table 2: The standard deviation and variance 
for each sample measurement, taken on the basis



of the two samples retrieved from the central 
physics building. 

As can be seen, both samples from the 
central part of campus in the physics building 
have a negative correlation, indicating especially 
poor water quality. Other factors of consideration
behind these outcomes will be outlined in section
VII. Given the resultant standard deviation value 
for any particular sample seen in Table 2, it can 
be stated with a confidence interval of 95% (by 
taking ) that the fountain used in the physics
building contains the poorest water quality of the
locations tested. Excluding this outlier from 
consideration, there was not a significant 
variation of water quality as a function of 
location. 

VII. SUMMARY AND CONCLUSIONS

From the data, a hypothesis on the 
relation between water quality and function may 
be inferred. Specifically, the purity of water is 
assumed to be contingent on how close to the 
central part of campus the sources are; if near the
perimeter of the campus, the water may be more 
likely to be pure. This is further testable by using
an extended version of the foregoing 
methodology in conjunction with information on 
the civil architecture of the pipe network. All of 
these arguments depend on the assumption that 
each of the fountains tested were representative 
of all the fountains within the building, and that 
the building’s drinking water quality was 
representative of the drinking water quality in its 
neighborhood.

Reasons behind this new hypothesis is 
contingent on the previous arguments as well as 
qualitative distinctions that are evident from 
further data analysis, and visualized in the 
appendix. Namely, the physics building (samples
1 and 2) related differently (with respect to the 
other samples) to the pure water reference in two
fundamental ways. One was that the overall 
observed intensity as a function of wavelength 
was much greater than the reference intensity. 
The other was that the overall intensity 

agreement was closer over the 400-500 nm range
than the higher-wavelength ranges. This latter 
relation is in strong contrast to the rest of the 
samples, in which the 400-500 nm range 
demonstrated the greatest disagreement in 
intensity.



VIII. APPENDIX: LINE PROFILES






