
Plastic waste is very diverse in ap -
pearance. This is why an optical
categorization has been intro-
duced, for example industrial,

APPLICATION

I n the autumn of 2014, the
‘Fulmar Litter Monitoring’
workshop* organized by

IMARES (Institute for Marine
Resources & Ecosystem Studies)
took place on the Dutch island of
Texel. The workshop focused on
the analysis of stomach contents
of dead fulmars (Fulmarus glacia -
lis) that were found along the
shores of the North Sea. 

During the workshops, the partic-
ipants under the guidance of Dr.
Jan. A van Franeker (Figure 1)
learned how to examine the birds
externally and internally in order
to categorize the animals in terms
of age, gender and other impor-
tant features.

After external inspection, the bird
is examined internally. For the ap -
plication described here, the stom-
ach content of the bird is of inter-
est. The stomach of a fulmar ex -
tends virtually over the entire
body of the bird, as it has to di -
gest whole fish. The stomach is
actually subdivided into two

up to a maximum diving depth of
2 m, where mainly light polymers
such as polyethylene and poly -
propylene are present.

stomachs: the proventriculus and
the gizzard. Predigestion takes
place in the proventriculus and
hard parts are ground in the giz-
zard and converted to food (Fig -
ure 2).

The North Sea countries have rec-
ognized the threat posed by plas-
tic waste since many years, and
their goal is to reduce the concen-
tration of plastics in the ocean to
such an extent that most fulmars
will contain less than 0.1 g of plas-
tic in their stomachs (i.e. not more
than 10 % of the birds containing
more than 0.1 g). These values are
not statistically attained in the 5
regions of the surrounding North
Sea coastlines (Figure 4).

Although fulmars feed on any-
thing that swims, such as fish and
squid, the birds also consume
plastic wastes. They mistake plas-
tics for food. Plastics can acciden-
tally be taken in during fishing or
the plastic can already be con-
tained in the fish they eat. The
fulmar fishes on the ocean surface
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Animal kingdom suffering from
plastic wastes
FTIR analysis of polymers in fulmars

Figure 1: Dr. J.A. van Franeker during the workshop (2014) dissecting a young bird, 

whose stomach contents are shown in Figure 2

Figure 2: Stomach content of a fulmar, including many polymer particles in various sizes 

and appearances. For years this research has been carried out and recorded statistically by 

Dr. van Franeker.
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Figure 3: Trend analysis (5-year summary) for the occurrence of plastics in the stomachs 

of fulmars in the Netherlands. The trend shows a slight drop over the years, but it is still

significantly far higher than the EcoQO target which is to reduce the percentage of birds

with more than the limit value of 0.1 g of plastic in their stomachs to below 10 %.



materials and their appearances
can be measured non-destructive-
ly, including plastics from fulmar
stomachs. When the FTIR system
(IRAffinity-1S) is equipped with 
a single-reflectance ATR unit
(Quest™), the sample can be mea -
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stomachs. The mean value of ma -
terial per stomach was 28 particles
with a total weight of approx. 0.3 g.
The critical EcoQO value of 0.1 g
plastic was exceeded in 52 % of
the birds [1].

What does 0.3 g of plastic mean?

This amount may seem very little
– but in terms of the body weight
of a fulmar, 0.3 g of plastic would
correspond to 20 g of plastic in a
person weighing 70 kg, i.e. one
fifth of a bar of chocolate (see fig -
ure 5).

Why FTIR?

Using this infrared spectroscopic
measuring technique, all types of

Figure 5: Comparison of the amount of plastic in a bird’s stomach (left, North Sea, mean 

value) with the extrapolated volume corresponding to the size of a human. For a person weigh -

ing 70 kg, this is more than 20 g.
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Figure 4: This is the regional statistic of the surrounding North Sea countries for the 

occurrence of plastic in the stomachs of fulmars in the North Sea, whereby the 10 % 

target of the EcoQO was included for comparison in the bar chart

Figure 6: FTIR spectrum of a thin foil, which was measured using the Quest diamond 

single-reflectance unit

applied/used, non-plastic and pol-
lutant.

Exact statistics for fulmars in the
Netherlands from 2009 to 2013
were: 227 fulmars were examined,
94 % had plastic materials in their

sured directly. Sample preparation
merely involves drying the sample
with paper after briefly rinsing
with water. Under this condition,
the polymer is expected to be suf-
ficiently clean.

An ATR unit enables surface mea -
surement, which in this case is
carried out at a penetration depth
of approx. 2 μm. The sample is
held in contact with a diamond
prism and pressed against it using
an anvil. The infrared spectra
measured assist in the identifica-
tion of the polymers, all within
seconds. The measurement time

and analysis was one minute.
FTIR-ATR is therefore a suitable
meth od for measuring large sam-
ple amounts (for instance also for
mon itoring).

Measuring results

A major problem in the analysis
of natural field samples is false
analysis. This is explained using a
thin piece of foil.

The spectrum obtained from the
piece of foil was analyzed further
using a polymer library. The result
of the search identified the materi-
al as a polyamide (nylon). A pure-
ly visual comparison of the spec-
tral structure, as well as the li -
brary search result with a hit of
700 (good agreement over 900)
clearly shows that no good corre-
lation was obtained.

When expanding the library with
the know-how on this foreign
sample, the hit rate was better and
more reliable. For an improved
analysis, many additional facts are
needed, for instance: what does
the bird eat, what is the consisten-
cy of the gastric fluid and so on.

To better classify spectrum (Fig -
ure 7), two additional reference
spectra (fish skin �
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Figure 7: Analysis of a thin foil using infrared spectroscopy and library identification. 

(False result). The material is not Nylon.

and also stomach fat) are required
(Figure 8). When combining the
fat spectrum of the fulmar with
the fish skin spectrum, the spec-
trum left is obtained. 

The second example shows a frag-
ment with the description ‘white
with rough surface.’

The library search has therefore
led to the correct result. Poly -
propylene constitutes part of the
spectrum. So do proteins and
small amounts of fat. All three
contribute to the spectrum. The

polymer is found with a hit accu-
racy of 930 out of a maximum of
1.000. 

Discussion of the measured
results

Materials that have become en -
riched in fulmar stomachs can be
investigated using infrared spec-
troscopy. Surface analysis enables
the determination of materials at a
layer depth of 2 μm. Depending
on the ‘history’ of the particle, it
can exhibit a certain ‘roughness’ in
which digestion fluids can collect.

Due to the fatty foods, many of
the samples have been found to
contain fat which accumulates in
the pores. Should these samples be
rinsed with a fat remover, the in -
frared spectra of the cleaned sur-
faces could lead to a higher hit
rate. Knowing this enables rapid
screening of the particles on non-
cleaned surfaces.
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Figure 8: Library search of an infrared spectrum of a white fragment with rough surface.

Here, the correct polymer polypropylene was found. The additional bands can be assigned 

to protein and fat.
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Small yet high-performance
New UV-VIS spectrophotometer UV-1280

O rganic and aqueous solu-
tions, biological samples,
optical materials such as

filters or foils and much more –
the new UV-VIS spectrophotome-
ter UV-1280 (Figure 1) enables
spectral analyses for a wide range
of samples. The compact system
with a spectral bandwidth of 5 nm
allows measurements with high
stability in a wavelength range of
190 - 1,100 nm.

The UV-1280 has a very small
footprint. It is easy to operate
using function keys and the large
LCD monitor which also displays

the on-board software. The fol-
lowing functions and programs
are provided as standard:

1. photometry
2. spectrum
3. quantitative analysis
4. kinetics
5. time-scan measurement 
6. multicomponent analysis
7. DNA/Protein quantification.

In addition, the UV-1280 enables
instrument validation. It tests the
following instrument parameters:
wavelength accuracy and repeata-
bility, stray light, photometric

accuracy, photometric repeatabili-
ty, baseline flatness and baseline
stability, as well as noise level.

The wide application range is sup-
ported by a comprehensive range
of accessories which is used indi-
vidually in the sample compart-
ment. Via the USB connection,
data can be copied directly in the
USB memory and evaluated using
spreadsheet software. A printer
with USB-I/F interface can also
be connected directly to the 
UV-1280.

UV-1280 
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From a “local workshop” to a
global player

2015, Shimadzu celebrates its 140th

anniversary: a success story

The secrets of a Swiss watch 

»In our lab we R.E.A.C.H. the very
secrets of matter«

Hidden danger

LCMS-8050 – Faster and more
sensitive detection of mycotoxins
in baby food



of the Top 10 inventors in the
history of the country.

140 years later and celebrating its
anniversary in 2015, Shimadzu is
one of the worldwide leading
manufacturers of analytical in -
strumentation and diagnostic
imaging systems. Its technolo-
gies are used as essential tools
for quality control of consumer
goods and articles of daily use,
in health care as well as in all
areas of environmental and con-
sumer protection. Spectroscopy,
chromatography, environmental
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He was the son of a crafts-
man of Buddhist altars,
but driven to manufacture

instruments for physics and
chemistry. He attended the Phys   -
ics and Chemistry Research In -
stitute, where he gained experi-
ence with a variety of technolo-
gies and fields of expertise. He
was convinced that Japan as a
country with few natural re -
sources should work towards
becoming a leader in science. At
the door-step from the industrial
revolution to the scientific age,
he founded in 1875 his own

business in Kiyamachi, Kyoto.
His name was Genzo Shimadzu.

In 1877, he succeeded in launch-
ing the first manned balloon
flight in Japan. One year after
exploration of X-rays through
Conrad Röntgen in Germany,
Genzo Shimadzu took the first
X-ray images in Japan. In the
following years, he created the
first commercial X-ray system in
Ja pan and started the production
of machines for materials devel-
opment. In 1930, the emperor
awarded Genzo Shimadzu one

NEWS – Shimadzu’s customer maga -
zine is also available as WebApp (for
iOS and Android) via: 
www.shimadzu-webapp.eu or as app
for iPhone in the AppStore.

Shimadzu celebrates its 140th anniversary 

From a “local workshop”
to a global player




