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Figure 1: Process overview of how the smartphone-based spectrophotometer is used in practice for micronutrient analysis.

Abstract

Micronutrient imbalance is a global issue, and its detection
is invasive and expensive. Despite being largely preventable,
imbalances of one or more micronutrients is pervasive and
has major downstream health effects [1]. Women, children,
and underserved populations in particular bear the great-
est burden of micronutrient imbalance [4-6]. However, the
true scope of this issue is often unseen and unaddressed
because of the barriers to accessible micronutrient status
assessment [2]. Status assessment of micronutrients is often
done via indirect, subjective dietary logs, in-person clini-
cal examinations, or complex analyses on blood (e.g. liquid
chromatography-coupled mass spectrometry). While valu-
able, these assessments are expensive, flawed, and burden-
some on the patient and the clinician.

As a step towards mitigating this barrier, we explore the
application of mobile spectrophotometry to determine con-
centrations of B vitamins in a solution. Spectrophotometry is
the analysis of light (primarily visible light) as it is absorbed
and transmitted by a constituent in a solution [10]. By ana-
lyzing how much light at a particular wavelength is absorbed
by the sample, we can determine the relative concentration
of a constituent or even its identity.
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A smartphone’s camera can be a valuable tool for accessi-
ble spectrophotometric analysis [3, 7, 9, 11], but smartphone-
based spectrophotometry has yet to be explored for the high-
impact problem area of micronutrient assessment. After ex-
perimenting with multiple prototypes, we found that a design
based on Bruininks and Juurlink [3], modified with a custom
cuvette holder attachment, was the best-performing for spec-
tral imaging (Fig. 1b). To extract absorbance spectra over the
visible range (400 to 700 nm) from the smartphone camera
(iPhone XR), we formalized an image analysis pipeline using
Image]J [8] and Python (Fig. 2).

Preliminary studies revealed that of three different mi-
cronutrients (vitamins B2, B7, and B12), vitamin B12 would
be the best candidate for further experimentation because
of its distinct, pink-red color when dissolved into distilled
water. Next, we experimented with different light sources
(compact fluorescent light (CFL) bulb, light-emitting diode
(LED) bulb, a single two-lead LED, and a matrix of three two-
lead LEDs), image processing parameters (reference calcula-
tion and averaging methods), and sample concentrations (1
to 20 mcg/mL) to optimize the quality of the derived spectra.
Finally, we compared our results from the smartphone-based
spectrophotometer to a laboratory device (Hach DR6000).

We found that the two most common forms of B12 (the
synthetic cyanocobalamin and the biologically-active methyl-
cobalamin) follow Lambert-Beer’s law at distinct absorbance
peaks (Fig. 3). Although results from the smartphone device
exhibited high inter-trial variance, Lambert-Beer analysis
demonstrated promising performance for determining un-
known concentrations of vitamin B12 (R? of 0.913 vs 1.0 for
the laboratory device).
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Figure 2: Flowchart of the image analysis pipeline devel-
oped extract the absorbance spectra of a sample from a smart-
phone image.
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Figure 3: Absorbance peaks for different concentrations of
Vitamin B12 at 361 & 551 nm for lab device (top) and 577 &
690 nm for smartphone device (bottom).
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Demo

Our demonstration will involve educating attendees on the
working principles of the smartphone-based spectropho-
tometer, demonstrating its application for micronutrient as-
sessment, and letting attendees get hands-on to experience
the general ease of use of the system.

First, conference attendees will be shown the 3D-printed
prototype device and the specifics of its design, as well as
the principles of spectrophotometry, will be explained. In
summation, light from a controlled source enters the smart-
phone attachment by passing through a very small slit. This
slit is formed by two razor blades which serve to limit and
direct the light transmitted through the sample. Once inside,
the light bounces off a mirror and into the polycarbonate
substrate of a DVD, where it is refracted (akin to prism).
This refracted light is ultimately imaged by the smartphone
camera sensor, where it appears as a “rainbow” of all the
wavelengths of light that make up the source radiation. By
attaching our cuvette holder and inserting a sample of vita-
min B12, we can demonstrate in real-time how the intensity
of the wavelengths as imaged by the smartphone changes.

We will then transition to a demonstration of our im-
age analysis pipeline (Fig. 2). The smartphone image will
be imported into Image], where an intensity profile will
be extracted and ran through our automated spectral pro-
cessing program. We will demo the interactive graph of the
absorbance spectra side-by-side with the original image, ex-
ploring how the rainbow-like bands translate into relative
intensities for each wavelength of visible light. Finally, we
will apply our calibration equation obtained by prior exper-
imentation to determine the amount of vitamin B12 in the
sample.

Last, we will offer a hands-on experience to the conference
attendees, allowing them to step through a mock sample
analysis with the handheld device. Two pre-made solutions
of vitamin B12 (a 1 mcg/mL ’low’ concentration and a 20
mcg/mL ’high’ concentration) will be pipetted into a cuvette,
placed in the sample holder, and imaged by attendees (see
the process described in Fig. 1). This way, the change in
absorbance due to different concentrations of vitamin B12
can be observed directly by attendees via comparing and
contrasting between their own spectral images. We will also
have three different light sources set up (CFL bulb, LED bulb,
and a single two-lead LED) to demonstrate the impact of a
well-selected light source on spectrophotometric results.
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