Index of Applications

Contact Us Today!
European Sales Headquarters
info@oceanoptics.com
+31 26-3190500

France Sales Office
info@oceanoptics.com
+33 442-386 588

Germany Sales Office
info@oceanoptics.com
+49 711-341696-0

UK Sales Office
info@oceanoptics.com
+44 1865-811118

North and South America
Sales Headquarters
info@oceanoptics.com
+1 727-733-2447

Environmental Monitoring
Ultrasensitive Detection of Mercury: Beyond FRET................ 4
Oceans Help Predict a Wave of Climate Change.................. 5
Spectroscopy Versus the Volcano.............................................. 6

Energy Technologies
Biodiesel Quality: Harnessing Good Emissions.................... 7
Improving Organic Solar Cell Efficiency................................. 8
Turning Up the Heat on Solid State Lighting.......................... 9

Asia Sales Information
(All Countries)
asiasales@oceanoptics.com
+86 21-62956600

Life Sciences
Dental Curing Lights: Clinical Reality........................................ 10

Japan and South Korea
info@oceanoptics.com
+82 10-8514-3797

Bringing New Life to Old Arteries with Oxygen.................... 11

Farm to Table Technologies
India, Middle East,
Africa Sales Information
EMEAsales@oceanoptics.com
+31 26-3190500

NIR on the Range: Grazing Animal Nutrition........................ 12
Crop Monitoring Reaches New Heights.................................. 13
Sorting Out Gluten Intolerance................................................. 14

Australia / NZ Sales Information
info@oceanoptics.com
+61 8-8443-8668 (AU)
+64 9-273-2080 (NZ)

2

To see more incredible applications using Ocean
Optics spectrometers, visit our Applications Blog
at OceanOptics.com.

Spectroscopy: Sparking Change
Fire was one of civilization’s first technologies, a turning point in our development.
The ability to harness flame had a profound impact on food, health, energy and environment for early humans. With it, man could generate light.
Today, light is being used in a multitude of creative ways to solve the problems facing
our world, and spectroscopy is the tool used to measure and refine those solutions.
The applications gathered here are just a few examples of how spectroscopy can be
an important tool for global change.

The Power of Portable Spectroscopy
The invention of the Ocean Optics modular
spectrometer 25 years ago made spectroscopy
portable, inexpensive and accessible. For the first
time, the measurement could be brought to the sample,
enabling optical techniques to be used in non-traditional
fields and in remote locations. Offering good resolution and
wavelength coverage in a cost-effective manner, these spectrometers began to find their way into research labs across
many disciplines as a general purpose tool, and beyond,
into industry.
The concept of modular spectroscopy has really caught fire, and is now being applied to global problems like those featured
here. In some cases, Ocean Optics spectrometers act as the primary analytical instrument. In others, they are used to solve just
one piece of the puzzle, reflecting the complex nature of science and industry and the need for many different complementary
techniques to drive progress.

Building Blocks for a Better Future
The true power of Ocean Optics products lies in their versatility and configurability. Our broad range of
mix-and-match modular components means we can customize a system specifically for your work, adapting
it to accommodate new needs over time.
•

Spectrometers optimized for sensitivity, acquisition
speed, resolution and more

•

Light sources from the ultraviolet through
near infrared

•

Fibers to guide light easily between components
and sample

•

Sampling accessories to facilitate measurement
of solids, liquids and gases

•

Complete solutions for rapid, applicationspecific deployment

Spectrometer w/200 µm slit
UV Light Source

Computer
Solarization Resistant
Optical Fibers

1-cm Pathlength
Quartz Cuvette
(for sample)

Cuvette Holder

Modular fluorescence measurement system

As you read this collection of applications inspired by scientists and engineers from around
the globe, we hope you’ll find some spark to inspire your work. They’ve inspired us.
For more great optical sensing applications, visit www.oceanoptics.com/applications-blog
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Ultrasensitive Detection of Mercury: Beyond FRET
Rapid screening for total mercury content of water, soils and fish takes to the field
Are You Sure You Should Eat That?
Contamination of groundwater, soil and fish with mercury has been increasing steadily for a decade, even in the most remote
lakes and wetlands. Excess mercury is a particularly pervasive environmental problem due to its tendency to accumulate in
tissue, leading more than 30 states in the U.S. to issue fish consumption advisories. Ingested mercury acts as a neurotoxin, and
can affect growth, development and reproduction. Rapid, accurate and portable measurement of mercury at the ppb level is
needed to validate the safety of drinking water and fish destined for human consumption. Most current analytical techniques
for quantification, however, are time-consuming and are limited to a lab setting.

No Need to FRET

It’s Not Just Sensitive; It’s Portable

Förster Resonance Energy Transfer (FRET) occurs when two
chromophores get close enough to transfer light nonradiatively. FRET can be used to create sensitive fluorescence assays,
but typically offers limited signal and requires an interaction
length (chromophore proximity) of <100 Å. Researchers at
Jackson State University (Jackson, MS) have found a way
to overcome these limitations and achieve a thousand-fold
enhancement in fluorescence signal, allowing mercury to be
measured with a portable system.

With a 532 nm laser pointer as the excitation source, a 4-way
cuvette for the sample holder, and our QE-series spectrometer for detection, the entire system fits into a small case
and can be run using battery power and a laptop computer
– extremely useful for on-site measurements. The system
achieved accuracies of 85-95% for samples of water, soil
and fish collected from the Mississippi River, demonstrating
its ability to also distinguish between safe and toxic seafood
according to the U.S. EPA’s 0.55 ppm standard.

The researchers created a chromophore pair by adsorbing
rhodamine B (RhB) onto a gold nanoparticle surface. While
adsorbed, the colloidal gold quenches the RhB fluorescence,
a phenomenon they’ve dubbed Nanomaterial Surface Energy
Transfer (NSET). In the presence of Hg(II) ions, RhB molecules
are released from the gold nanoparticle surface and quickly
begin to fluoresce as they bind to the mercury, yielding a signal
that correlates directly to the concentration of Hg(II) ions. The
sensitivity and range demonstrated are ideal for testing against
the U.S. EPA limit of 2 ppb of mercury in drinking water.

ENVIRONMENTAL MONITORING

If You Teach a Man to Fish …
Just as this technique enables innovative environmental
monitoring, it is equally applicable to field detection of
other toxins. The enhanced efficiency of NSET over FRET
can be applied to detection of biothreat DNA agents such
as anthrax, and foodborne pathogens like E. coli., offering
tremendous potential for the development of a multitude
of biosensors and bioassays to make our world a safer and
healthier place.

Optical System - Fluorescence
Fluorescence response of RhB adsorbed onto gold nanoparticles
increases linearly with concentration of mercury, and is zero in
its absence.

4

• QE-series spectrometer (500-850 nm)
• 532 nm laser
• Plano-convex lens and neutral density filter
• Optical patch cord fibers
• 4-way cuvette holder
• 532 nm cutoff filter

To see the full system and story, visit www.oceanoptics.com/mercury

Oceans Help Predict a Wave of Climate Change
A fluorescence-based assay helps study carbon fixation by plankton in the oceans
Tiny Algae, Big Impact
Marine phytoplankton are an important part of the carbon cycle, converting CO2 to organic matter via photosynthesis in a
process known as carbon fixation. When phytoplankton die, they sink into the ocean as biomass, becoming food for heterotrophic
bacteria or settling on the sea floor. Carbon fixation by the oceans helps to balance production of atmospheric CO2, so an
understanding of the dynamics involved is vital to predicting climate change.

A Sensitive Expedition
A research team from Vrije Universiteit Brussel (Brussels,
Belgium) voyaged from Bremerhaven, Germany, to Cape
Town, South Africa, in 2012 to study phytoplankton production. They sampled water from several depths, added nutrients spiked with 13C and 15N isotopes, and then measured
how much was consumed by the phytoplankton. In order to
add the right concentration of nutrients, they first needed
to measure how much was naturally present. In the case of
ammonium (NH4+), colorimetric techniques are not sensitive
enough to measure the nanomolar levels present in nutrient-deficient waters, so a new technique was needed.
NH4+ concentration in seawater as a function of depth and
latitude (inset shows voyage route).

NH4+ levels measured were found to range from 20 nmol/L
to 300 nmol/L. Results of the subsequent nutrient uptake
experiments were used to study how latitudinal trends in
temperature, currents, light, dust deposition and other variables influence the use of different nutrients by phytoplankton.

Back at Sea
Since the 2012 expedition, the team has used the same system
on other voyages, studying east Antarctic pack ice as well as
the Azores Current area in the North Atlantic. Impressed with
the performance of the Ocean Optics system, the team has
added colorimetric methods to assist with nitrate measurements. As we better understand the characteristics of the
ecosystem that impact the capacity of phytoplankton to
uptake and fix CO2, we better understand our future.

Fluorescence measurement system for determination of NH4+ concentration in water.

Destination: Cape Town
This fluorescence system was put to the test at regular
intervals from 35° N to 27° S latitude en route to Cape
Town, crossing several climate zones. When mapped as
a function of depth and latitude around the equator, the

Optical System - Fluorescence
• Torus spectrometer (360-825 nm)
• LED light source
• 4-way cuvette holder
• Optical patch cord fibers

To see the full system and story, visit www.oceanoptics.com/climate
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ENVIRONMENTAL MONITORING

A fluorescence assay was the answer. Ammonium reacts
with orthophthaldialdehyde to fluoresce, and the intensity
can be correlated to NH4+ concentration. By combining our
Torus spectrometer, an LED source for excitation and 4-way
cuvette holder, the team created a system lightweight and
robust enough for use at sea. The system showed excellent
sensitivity and linearity, measuring NH4+ concentrations as low
as 10 nmol/L. Values obtained were then used in the nutrient
uptake experiments.

Spectroscopy Versus the Volcano
Spectral measurement of atmospheric SO2 levels in volcanic plumes monitors volcanic activity
Fiery Fury
Volcanoes inspire both fear and fascination, and yet with most located in remote or sparsely populated areas, we don’t think of
them as impacting our everyday lives. When the Icelandic volcano Eyjafjallajökull erupted in 2010, however, ash clouds caused
air traffic to be halted, travelers were stranded across the world and the airline industry lost vast amounts of revenue. Eruption
of lava from the Holuhraun lava field originating from the Bárdarbunga volcano, also in Iceland, raised fears of a repeat in early
September 2014, and spectroscopy was ready to help sound the warning.

Dangerous Gases
Holuhraun has spewed more lava than any other Icelandic
eruption in the last two centuries, during which the daily
concentration of potentially dangerous SO2 emitted exceeded
the estimated SO2 pollution from all industries across Europe
combined. Aside from affecting local air quality, changes in
air chemistry and reduced light levels adversely impacted
weather patterns, crop growth and human health.

Mini-DOAS from Chalmers University monitoring SO2 emissions
from a volcano.

spectroscopy system in the sky. As sunlight passes through
the atmosphere, SO2 causes certain UV wavelengths to
be absorbed. Estimates of plume geometry together with
filtering and spectral fitting are used to complete the analysis
and determine the concentration of SO2 in the plume.

ENVIRONMENTAL MONITORING

An Eye on the Skies
Infrared satellite image of the ongoing eruption at Holuhraun lava
field on September 6, 2014. Steam and SO2 plumes are portrayed
in blue. (Credit: NASA/Landsat)

A Spectroscopic Forecast
Volcanic gas emissions – sulfur dioxide (SO2) in particular – are
used to understand and forecast volcanic activity. Portable,
compact spectrometers have become the instrument of
choice for monitoring SO2 emission rates of volcanoes before
and during eruptions, and are even used to track plume
movement over time. A group of researchers from Chalmers
University in Sweden installed two miniaturized differential
optical absorption spectroscopy (mini-DOAS) systems based
on Ocean Optics Maya2000 Pro spectrometers at the site in
Holuhraun, using them to understand the region’s volcanic
activity.

Though the danger of a large eruption has subsided and
volcanic activity has decreased, Holuhraun will continue to be
closely monitored for evidence of a new eruption brewing.
Levels of toxic gases in the area remain high, and will continue
to be so for several months. As visitors begin to visit the eruption site, it is reassuring to know that spectroscopy is keeping
a watchful eye.

Optical System - Absorption
• Maya2000 Pro spectrometer (280-380 nm)
• Telescope attachment
• Custom optical patch cord fiber

DOAS allows spectroscopists in the field to harness the sun
as a light source, using it together with a narrow field of view
telescope and spectrometer to create a large-scale absorption
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To see the full system and story, visit www.oceanoptics.com/volcano

Biodiesel Quality: Harnessing Good Emissions
Low-cost tungsten coil atomic emission spectrometry for portable testing
Fresh Fuel is Better than Fossil
As global energy demands increase, energy conservation and alternative energy sources become increasingly important. Biodiesel
is a popular alternative, produced via conversion of vegetable oils. While some argue that farming of biodiesel crops contributes
to deforestation and competes with food production, others agree it is still appealing due to its sustainability, relatively low
emissions, and ability to be used directly in standard diesel engines.

Quantifying Quality

Harnessing the Right Emissions
A collaboration between Wake Forest University and the
Federal University of São Carlos, Brazil, has shown atomic
emission spectrometry to be both sensitive and accurate
for quantitative measurements of sodium and potassium in
biodiesel. Samples are simply diluted with methanol and
placed in μL quantities on the tungsten filament of a standard
microscope light bulb. Temperatures of up to 2500 K successively decompose, atomize and excite the biodiesel, resulting
in atomic emission at characteristic lines for minerals and
metals present within the sample.

Emission lines in biodiesel as a function of time in seconds
(inset shows full spectrum).

In a recent experiment, light from a tungsten filament was
imaged onto the entrance slit of a USB-series spectrometer
and spectra were recorded at 0.8 ms intervals for 20 seconds.
The intensity of the sodium line at 589.0 nm and 589.6 nm and
the potassium lines at 766.5 and 769.9 nm were plotted as a
function of time. By calibrating against commercially available
biodiesel reference solutions, the integrated signal for each
element could then be correlated directly to its concentration.

Elegance in the Field
With a limit of detection of 20 μg/kg for sodium and
80 μg/kg for potassium, this technique is more than adequate
to test for the combined limit of 5 mg/kg established by
North American (ASTM D6751), European (EN 14214)
and Brazilian (ANP 07|2008) standards. It also offers the
repeatability and linear dynamic range needed, accurately
measuring a 20 mg/kg reference sample. Capable of multielement analysis, emission spectrometry is a shining example
of how elegant optical design and use of a compact spectrometer can enable rapid and inexpensive field test methods
to make biodiesel a more viable energy alternative.

Optical System - Emission
• USB-series spectrometer (350-1000 nm)
• Fused silica lens

A tungsten filament acts to atomize and excite biodiesel samples
for low-cost emission spectrometry.
The Future is Now!

NEW!

To see the full system and story, visit www.oceanoptics.com/biodiesel
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ENERGY TECHNOLOGIES

To maximize the benefits of biodiesel, it is essential to optimize and validate its quality. Sodium (Na) and potassium
(K) originating from the catalysis process can impact engine
performance and lifetime, while trace metals increase harmful
emissions. Techniques like flame atomic absorption spectrometry and inductively coupled plasma optical emission or mass
spectrometry (ICP OES or ICP-MS) have traditionally been
used, but involve considerable sample preparation and analysis in a lab. Tungsten coil atomic emission spectrometry offers
a simpler solution, and when powered by an Ocean Optics
spectrometer, it is also more economical and portable.

Improving Organic Solar Cell Efficiency
Understanding the optical properties of light-trapping nanostructures aids solar cell design
Seeing the Light
Organic solar cells offer the promise of low-cost, energy-generating devices that can be mass produced, yet they remain relatively low in power conversion efficiency, typically 6% - 8% for conjugated polymer/fullerene blends. Light management is key
to improving efficiency, and use of nanostructures can improve light trapping in the active layer significantly.

Creating an Optical Blanket
Electrospun high refractive index TiO2 nanowires can act as a
light-harvesting layer when applied as a top coat to solutionprocessed polymer bulk-heterojunction solar cells. Using
a simple and scalable technique for coating, Hidetoshi
Matsumoto and colleagues at the Tokyo Institute of Technology
examined the relationship between the fraction of the surface
covered by nanowires (coverage fraction) and the performance
of the resulting organic solar cells.

Relative reflection spectra for different coverage fractions of TiO2
nanowire-coated slides.

Confirming the Boost
Current density-voltage (J-V) and external quantum efficiency
measurements showed a clear enhancement effect of light
intensity in the active layer due to the TiO2 nanowire coating,
attributed both to light scattering within the coating and its
AR effect. Reduced power conversion efficiencies for coverage
fractions above 0.35 confirmed the reduced AR coating effect
observed in the reflectivity study, showing the power of these
measurements to predict impact on solar cell performance.

TiO2 nanowire coating on silicon (SEM image).

ENERGY TECHNOLOGIES

Optimizing the Coverage
The TiO2 nanowires within the coating were found to be
~135 nm in diameter on average, and ranged from 0.4 μm
to 2.8 μm long. A USB-series spectrometer and tungsten
lamp were used to measure the relative UV-Vis reflectance
spectra of the coatings, illuminating at 8° and then collecting
diffusely scattered light with an integrating sphere (the
reference was a thin, uncoated slide).
Application of a coating with a 0.33 coverage fraction
reduced the relative reflectivity to below 1.0 for wavelengths
above ~560 nm, effectively acting as a single layer antireflection
(AR) coating and trapping light within the active layer.
Increasing the coverage fraction of nanowires further,
however, reduced the wavelength range of this AR effect.
These results allowed researchers to focus their efforts on
coatings with <0.4 coverage fraction in their quest to improve
light trapping efficiency.
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Toward a Brighter, Cleaner Future
Nanostructure coatings can boost the efficiency of solar
cells by improving light absorption in the active layer. When
applied via scalable coating techniques, they offer a realistic
option for low-cost organic solar devices as a source of clean,
renewable energy.

Optical System – Reflectance
• USB-series spectrometer (200-850 nm)
• Tungsten halogen light source
• Integrating sphere for reflection
• Optical patch cord fibers (2)

NEW!

Blaze a New Trail!

To see the full system and story, visit www.oceanoptics.com/solarcells

Turning Up the Heat on Solid State Lighting
Accurate wafer-level color testing of LEDs will drive adoption of white solid state lighting
A Solution with a Problem
Energy-efficient, low cost white solid state lighting would be much more widely adopted by the lighting industry if the color
output could be consistently controlled. Unfortunately, testing of LED dies at the wafer level under “cold” conditions does not
map to the color output at true operating temperatures once integrated into an LED package. KLA-Tencor is poised to revolutionize the market with a high throughput, precision hot test tool capable of sorting LEDs into bins with perfectly matched color
output at actual operating conditions - and it’s based on an Ocean Optics spectrometer.

A Complex Simulation
Many factors contribute to the color distribution within a
given product batch of white LEDs, arising from variations
in the material properties and manufacturing of the InGaN
electroluminescent pump die and its broad spectrum-generating phosphor. This is further complicated by a strong
temperature dependence of both die and phosphor performance and the presence of large thermal gradients between
materials under operating conditions. Neither testing under
external heat nor models to extrapolate performance from
cold operation has been accurate in predicting color output
under actual operating conditions.

Chromaticity values for x & y obtained using the precision hot test
tool track very closely with values reported by the manufacturer.
Further optimizations have resolved the ~0.002 offset in the
y-coordinate.

spectrometer is up to the challenge, providing the low stray
light necessary to achieve high color measurement accuracy
simultaneously with high throughput for rapid measurements. The resulting tool will be capable of testing 180,000
units per hour (UPH) – far greater than any other test tool on
the market!

The Future Looks Bright

Local Action with Global Impact
A new patent-pending approach will change all that. It
uses precise, local laser heating of each die/phosphor/lens
on a 2D wafer combined with electroluminescence of the
InGaN film to replicate the exact thermal conditions and
gradients to be experienced by the packaged product. Amazingly, this can be done for a range of possible customer
operating conditions, allowing LEDs to be classified for multiple
use conditions and picked as needed for minimal waste while
providing unprecedented consistency in color output.

Use of this novel hot testing method at the wafer will vastly
improve product consistency, enabling white solid state
lighting as a truly viable option for energy conservation. And
the fact that it does so at reduced manufacturing cost and
with less waste makes it a solution with real global impact.
Watch for this new product at www.kla-tencor.com.

ENERGY TECHNOLOGIES

Consistent color delivery from a white light LED array requires exact
characterization of the die before packaging.

Optical System – Color
• Maya LSL spectrometer (360-825 nm)
• Calibrated light source
• Optical patch cord fiber

Move Quickly, Before It’s Gone …
The precision laser heating occurs within a millisecond, and
needs to be measured just as quickly. To be indistinguishable to
the human eye, each color measurement needs to be accurate
to within ±0.005 units in x- and y- coordinates. Our Maya LSL

To see the full system and story, visit www.oceanoptics.com/sslighting
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Dental Curing Lights: Clinical Reality
Quantitative testing of dental composite curing lights improves fracture resistance
An Incomplete Cure
Light activated resin-based composite fillings have become the standard of care for dental restorations, yet they typically last
only six years. Their susceptibility to bulk failure and chipping or marginal fractures is complicated by the variability of the
light curing process conducted in the dental chair. Manufacturers recommend minimum exposure intensities and times for
their composites to ensure sufficient polymerization, yet these values are often obtained under ideal curing conditions in a
laboratory environment.

More Variation than Consistency
In reality, there are many clinical variables that affect curing
including light source design and performance, distance
between the light tip and the composite, access to the
area, and operator technique and curing time. Researchers
in the dental school at the University of Birmingham, UK,
decided to look at differences in the fracture resistance of
10 commercially available composites, contrasting those
cured optimally in laboratory conditions to those cured using
a clinically relevant energy dosage (quantified in J/cm2). To
conduct this research they used two custom instruments, the
MARC® patient simulator and the MARC® resin calibrator
from BlueLight Analytics.

LIFE SCIENCES

What the researchers found was that the fracture resistance
of notched composite samples representing posterior teeth
increased with radiant exposure time; more dramatically
for some formulations than others. They also found that
the exposure time required to achieve the same strength
varied considerably between composites, depending on
their filler content.

Radiant energy delivered to a tooth by 10 operators, showing more
scatter and less energy for less experienced operators.

calibrated for absolute irradiance spectral measurements. The
high variability in the energy delivered to the simulated restoration demonstrated the importance of proper training to
maximize fracture resistance. Even for the trained staff group,
delivered energy varied by up to 15%.

From Measurement to Mastery
With so many variables affecting the fracture resistance of
composite fillings in a clinical setting, it is clear that dental
curing involves much more than a quick “point and click.”
Proper operator training, accurate measurement of lamp
output, and an understanding of the optimal radiant exposure for the specific composite will help improve the lifetime
of our dental restorations, greatly aided by simulation and
measurement systems like the MARC®. To learn more about
the MARC® systems, visit www.curingresin.com.

Optical System - Irradiance

Straight from the Mannequin’s Mouth
To assess the role of operator dependence, a group of
10 untrained students and experienced staff irradiated a
tooth in a MARC®-PS simulation system from BlueLight
Analytics. This dental mannequin head is fitted with two
CC-3 cosine correctors that simulate dental restorations
(cavities) connected to a bifurcated fiber optic cable that
routes light to an Ocean Optics USB-series spectrometer
10

• USB-series spectrometer (300-950 nm)
• Custom bifurcated optical fiber
• Cosine correctors (2)
• Radiometrically calibrated tungsten
halogen light source

NEW!

The Future is Now!

To see the full system and story, visit www.oceanoptics.com/dental

Bringing New Life to Old Arteries with Oxygen
Optimizing oxygen delivery improves stem cell treatment of peripheral artery disease
A Painful Narrowing of Options
One in three people over the age of 70 suffers from peripheral artery disease (PAD), a narrowing of arteries that occurs most
often in the legs. Plaque, a substance composed of cholesterol, calcium and fibrous tissue, builds up in the arteries and hardens
over time, reducing blood flow. Symptoms range from pain to difficulty fighting infection and in severe cases, tissue death.
Treatment with adipose-derived stem cells offers great promise for restoring blood flow, but the inherently oxygen-deprived
environment causes the majority of stem cells to die before they can be of regenerative benefit.

Success with an Optical Oxygen Sensor
As a first step, the researchers looked at oxygen release in
solution. Galvanic oxygen probes proved unsuitable, being
too bulky and prone to interference from the bubbles that
occurred during activation, resulting in inaccurate measurements. Instead the team chose our NeoFox optical oxygen
sensor based on phase fluorimetry. It is immune to most
environmental effects and can be configured with a probe
that is <1 mm in diameter for use in small samples.
Restriction of arterial blood flow due to buildup of plaque.

Oxygen Delivery – On Demand

Additionally, a more dramatic oxygen release can be
accomplished via laser “activation” of the nanodroplets.
Irradiation at specific wavelengths, dependent upon absorbers
encapsulated within the PFC nanodroplets, causes a rapid phasechange into a microbubble, faciliating oxygen release. This
allows the location and timing of oxygen delivery to the treatment area to be controlled and tunable on a per patient basis.

Testing showed a marked increase in oxygen levels for the
nanodroplet-containing solutions versus the control, scaling
with concentration. Use of higher activating laser intensity also
increased oxygen release. Most importantly, the results
achieved appeared to be sufficient to boost oxygenation
to levels that will improve therapeutic outcomes.

Continuing Medical Progress
Further studies will repeat these experiments in the hydrogel
format and in tissue. The small size of the NeoFox oxygen
probe and its ability to work in different media will allow the
team to use a single system for the full scope of research, and
speed progress toward improving therapeutic outcomes for
PAD patients.

Optical System - Oxygen Sensing

Laser activation can be used to control the release of oxygen from
the nanodroplets into surrounding tissue.

• NeoFox phase fluorimeter system
• 600 µm core oxygen probe
• Bifurcated optical fiber and splice bushing
• Calibration service for oxygen probe
• Thermistor for temperature compensation

To see the full system and story, visit www.oceanoptics.com/arteries
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LIFE SCIENCES

A collaboration between two labs at the University of Texas
at Austin is working on a controlled oxygen delivery system
to improve the survival of stem cells during treatment and
thereby promote growth of new blood vessels. The teams
are planning to add oxygen-saturated perfluorocarbon (PFC)
nanodroplets to the hydrogel stem cell carrier destined for
implantation at the treatment site. Oxygen would then be
released from the nanodroplets into the surrounding tissue
through passive diffusion at a rate that depends on the
composition of the nanodroplet shell and the implantation
environment.

NIR on the Range: Grazing Animal Nutrition
Portable NIR spectroscopy of grazing animal feces may predict diet quality in remote locations
Shining Light On … Manure?
Livestock producers once used the color and appearance of manure to judge the diet quality of their free-grazing herds. Modern
ranchers use spectroscopy. The near infrared reflection spectra obtained from dried fecal pellets contains the information needed
to assess the nutritional health of grazing livestock, and does so non-invasively. When the measurement is taken to the field with
portable spectroscopy, this powerful tool can potentially benefit livestock in remote locations and developing countries.

Something to Chew On
Estimating the quantity of forage consumed by grazing
animals and its nutritional quality is difficult without detailed
chemical analysis of the resulting fecal matter. Fecal NIR spectroscopy (FNIRS) has evolved over the past 20 years to provide
an accurate alternative that can determine nutritional factors
such as protein intake and digestible organic matter, among
many others. The technique uses chemometrics to analyze
the NIR spectra of fecal samples produced via a known diet,
building up a model and predictive equations to correlate
the two. Once the model is developed, fecal samples can be
analyzed to understand the diet consumed, and even predict
growth rates. This allows ranchers to supplement and optimize diets as needed while minimizing their feed costs, all
without gathering animals from the field for examination.

Going Farther Afield

Comparison of 1st derivative spectra for sheep fecal samples, taken
with benchtop vs. portable spectrometer systems.

FARM TO TABLE TECHNOLOGIES

A Truly Global Solution

An NIR reflection system analyzes fecal samples in the field.

Researchers at the Grazingland Animal Nutrition Lab (GAN
Lab) at Texas A&M University have taken it one step further,
assessing the ability of a portable spectrometer to perform
FNIRS on forage fed Mongolian livestock. The researchers
used an Ocean Optics NIR spectrometer, tungsten lamp and
reflection probe to measure fecal samples of sheep (Ovis
aries). Spectra collected with the portable spectrometer
agreed well enough with benchtop instruments to recreate
the calibration equations for a set of known fecal samples.
Also, when applied to sheep fed a diet of locally harvested
hays from the Ulaanbaatar area in Mongolia during a 7-day
trial, the instrument yielded good initial results for determination of crude protein, offering promise for further refinement.
12

The GAN Lab has taken their mission even further, establishing new labs for FNIRS in East Africa, South America,
Mongolia and Afghanistan through World Bank and USAID
(U.S. Agency for International Development) grants, and
applying the technique to ranging animals as varied as cattle,
goats, sheep, bison and wildlife like elk and deer. The GAN
Lab’s work allows livestock producers and wildlife managers
both in the U.S. and abroad to supplement and optimize the
nutritional health of grazing animals accurately and noninvasively. That’s food for thought.

Optical System – Reflectance
Optical System - Reflectance
• NIR-series spectrometer (850-1700 nm)
• Tungsten halogen light source
• Optical fiber reflection probe
• Diffuse reflectance standard

To see the full system and story, visit www.oceanoptics.com/grazing

Crop Monitoring Reaches New Heights
Remote aerial sensing with microspectrometers enables precision agriculture
Reaping What You Sow
Aerial vegetation monitoring allows farmers to quickly assess and manage the health of their crops, improving yields and
minimizing the use of irrigation, fertilizers and pesticides. The combination of unmanned aerial vehicles (UAVs) and compact
spectrometers has increased the popularity of this form of remote sensing over the past decade. As the technology moves to the
next level, lightweight, cost-effective microspectrometers like our STS are being designed into stand-alone systems that deliver
high spatial and temporal resolution, allowing precision management of crops within a single field.

Synchronized Sensing
A multinational team of researchers at the Research Center
Jülich IBG-2 Plant Sciences, Germany, has developed an
airborne system to bridge the gap between ground-based
and aerial hyperspectral imaging, using an Ocean Optics STS
microspectrometer and open source electronics deployed on
a UAV to scan a field and report data back wirelessly with
GPS tagging. When synchronized to a ground-based STS
microspectrometer viewing a reference standard, the spectra
can be processed and compared to produce reflection spectra
for the vegetation as a function of location.
Reflection spectra from an airborne spectrometer agree with groundbased measurements, and can be captured with less variability and
greater speed.

Data from an airborne spectrometer is referenced against a groundbased spectrometer to calculate reflection spectra of vegetation.

The team tested the system on grasslands in New Zealand
at a height of 20 m, scanning a pasture in a grid pattern
and collecting at least three spectra at each location, with
a 24° field of view. To validate the measurements, spectra
were compared to readings collected using a ground-based
spectrometer (75 spectra per location). Not only did all the
UAV-based system measurements fall within the range of
variability of the ground-based spectra, they did so with
a 6x smaller standard deviation and were collected in 1/20
the time.

To see the full system and story, visit www.oceanoptics.com/crops

Once acquired, the reflection spectra can be fed into
processing software to calculate crop health indicators like
chlorophyll concentration, canopy water content and Leaf
Area Index (green leaf area per unit ground surface area).
These parameters are used to assess plant vitality and serve
as an early indicator of plant damage so that farmers can
intervene rapidly to maximize crop yields with minimal use
of resources. With a working altitude of up to 200 m and
the ability to rapidly generate an accurate hyperspectral map
in real time, this remote sensing system promises to put an
effective and economical tool for crop management into the
hands of more farmers than ever before.

Optical System – Reflectance
Optical System - Reflectance
Reflectance
• STS-VIS microspectrometer (350-800 nm)
• Falcon-8 UAV
• Arduino microcontroller
• User customization
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FARM TO TABLE TECHNOLOGIES

More Eyes in the Sky

Sorting Out Gluten Intolerance
NIR spectroscopy and machine vision team up for rapid grains inspection
A Hard Problem to Stomach
Gluten is a protein composite found in wheat, rye and barley that gives dough its elastic and chewy texture. For people with
severe gluten intolerance or celiac disease, even small amounts of gluten can cause debilitating bloating, abdominal pain and
bowel dysfunction as well as fatigue and many adverse non-abdominal symptoms. Maintaining a gluten-free diet is challenging,
as wheat derivatives are present in many processed foods like soy sauce and luncheon meats. With gluten-free products more
widely available, the need for cost-effective and accurate validation of the grains used to make them has grown.

The Kernel of the Problem
Gluten-free grains like buckwheat and amaranth are often
processed on machinery that also handles other grains. Additionally, contamination can occur in the field if different grains
are grown side-by-side. Although contamination is generally
below 2%, the stringent requirements defining “gluten-free”
necessitate frequent sampling during processing. Each sample
of 50,000 kernels must be manually inspected by trained
personnel, a process that can take up to an hour. Even then,
repeatability is low due to subtle shape and color differences
among some kernels.
The NIR spectra of buckwheat, barley and wheat grains differ above
1400 nm, enabling spectroscopic identification.

FARM TO TABLE TECHNOLOGIES

This Won’t Take Nearly as Long …
Approximately 95% of the kernels can be declared “glutenfree” within 30 minutes, while the rest are routed to another
bin for visual inspection. This smaller bin contains a mix of
offending grains and false positives, i.e., buckwheat kernels
that didn’t meet the confidence factor needed for conclusive
sorting. Though some manual inspection is still required,
the process can be completed in 1/20 the time, improving
efficiency significantly and allowing operators to check for
malfunctioning processing equipment. Repeatability error also
drops to 2%, 10x better than the estimated human error.
Many grains look very similar, and can be difficult to distinguish by eye.

A “Gluten-Free” Guarantee
Seeing Things Differently
Machine vision alone doesn’t do much better, but it’s a start.
When combined with near-infrared spectra of each kernel,
classification accuracies rise to >99.5%. Differences in absorbance spectra appear at 1450 nm and 1550 nm due to the
unique protein content of each grain variety, and can be fed
into predictive analytics algorithms to enable a sorting decision.
With the QSorter Explorer – a system incorporating an Ocean
Optics NIR spectrometer and a tungsten halogen lamp – the
reflection spectrum of each kernel is captured as it passes the
“eye” of a high-speed robot, sorting 30 kernels per second.
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Combining NIR spectroscopy and machine vision results in
faster, more accurate sorting of grains for gluten contamination, enabling more frequent and reliable quality assurance
for cereals destined for gluten-free products. To learn more
about this system, visit www.QualySense.com.

Optical System – Reflectance
• NIR-series spectrometer (900-1700 nm)
• High power tungsten halogen light source
• Custom bifurcated optical fiber, mixed core sizes

To see the full system and story, visit www.oceanoptics.com/gluten

A Passion for Problem Solving
Our first spectrometer was designed to solve an application challenge. Today,
those applications challenges have expanded in scale and variety, inspiring new
levels of innovation and creativity. Just as our customers’ needs and knowledge
base have become more sophisticated over time, so too have our capabilities and
product portfolio. Throughout, our focus has remained the same: to empower
science and industry through collaborative problem-solving.

It Starts with a Conversation
Just as you know your field, we know our technology. Designing a system from
modular components is a collaborative process, which is why we begin by asking
you about your application. Our applications knowledge has been growing
steadily for over 25 years, fed by some of the brightest scientific and engineering
minds in the world.

Let Your Voice Drive
Our Innovation
In reading this collection of applications
addressing problems of global significance, we hope you’ve begun to see why
we’re so passionate about spectroscopy.
It’s why we come to work each day, and
why we treat each new application like
our own.
Understanding your problems and needs
is what drives our new products and
expands our knowledge. In collaborating
with us, you make us better. That is how
science works. One idea sparks another
and the flame brightens. We want to hear
what you are doing, and how we can
be better.

3-year warranty
Over 1,000 items
available for next
day shipping

Send us your ideas and feedback at
info@oceanoptics.com.

We Select the Right Tools
Once we understand your application, we can work together to select the right
components to create a solution. Our toolkit includes spectrometers, light sources,
accessories and optical fibers that span the UV through NIR. Every component is
selected with your application in mind to create a solution, not just a system.

Applications Knowledge

Problems

Solutions

Partnering with Customers

We Become Partners
We believe technical support goes beyond software and hardware. Our expertise
is just a phone call away, ready to help you troubleshoot and optimize your
measurements. We also want to know when you succeed. We want to hear
about your ingenious solutions to the problems facing today’s world, and we’ll
share them with others on our website, in our newsletters, and through our
Applications Blog.

You shouldn’t do science just to improve
wealth — do science for the sake of
human culture and knowledge. There
must be some purpose in life that is higher
than just surviving.
Gerhard Herzberg
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Call for Submissions!
We build spectrometers to solve problems, and we know
that no one is more innovative than our customers.
That’s why we want to hear more about the problems
you’ve solved with Ocean Optics products, and share
them with others in the spectroscopy community.
So send us your journal articles, conference presentations, and research summaries. If we add them to our
Applications Blog, or feature them in our eNewsWire,
we’ll link to your research group’s or company’s website.
It’s a great way to get your work out there and connect
to others in similar areas.
We also love photos of our spectrometers at work in the lab or the field.
Watch for our photo contest to win both fame and fortune!

Researchers studying penguin coloring in the
Antarctic.

Email us at info@oceanoptics.com.

Have a question?
Having a technical issue?
Contact us in the U.S. at +1 727.733.2447
or info@oceanoptics.com.

Our Application Scientists will assist you.
For local contact details, see the inside
front cover.

Ocean Optics World HQ
830 Douglas Ave.
Dunedin, FL 34698 USA
Phone: +1 727 733 2447
Email: info@oceanoptics.com

Ocean Optics spectrometers are protected
by an industry-leading 3-year warranty.

