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Abstract
The research and development project „Measuring System for Ferries” (Blue
Box) was initiated by Prof. Koske at the Institute of Applied Physics (IAP), and
carried on at the Centre of Applied Marine Science (ZAM). It was promoted by
the Federal Ministry of Education and Research (BMBF) for nearly three and a
half years with the goal to realise a low-priced flow-through system i.e. for ships
of opportunity. This system contains CAN-Bus recorded sensors in a ferries
qualified and seawater consistent unit. At present time the following sensors are
available: temperature, conductivity, turbidity, oxygen, chlorophyll and pH. The
first prototypes of the Blue Box are offered by the project industry partner GOSystemelektronik GmbH (Kiel).
Project part of the FTZ was to integrate a marine algae group detection (a
fluorometric analysis method) in the Blue Box project. This was done by using
the limnological calibrated Algae-Online-Analyser (AOA) from the factory
partner BBE Moldaenke GmbH (Kiel). The unit was tested, varied and adapted
to the Blue Box by considering the marine environmental conditions of the
German Bight.
The algae group detection is based on actinic light sources at 5 different
wavelengths in the PAR window of the sun spectrum and the detection of
chlorophyll fluorescence response in the wavelengths region from 680 up to 720
nm. The light answers are compared with the known spectral values of different
algae groups (fingerprints) [1-4]. The amount of chlorophyll a (Chl.a) of the
algae groups in the water sample is detectable by a fit algorithm (GaussJordan-Elimination). A quality check of the measured value - fingerprint
comparison is realised by a fit-quality criterion.
The elimination of dead fluorescent material gives better fit values, so that a
further split up of the brown spectral group becomes possible. For a better
discrimination of diatoms and dinoflagellates the actinic irradiation wavelengths
were new adapted. By changing some hardware components of the AOA a
discrimination within the brown spectral group was successfully tested in first
laboratory experiments [4].
Our investigations result in a Blue Box AOA working with four special
fingerprints in the German Bight. The fingerprints are taken from pheophytin,
diatoms, dinoflagellates and cryptophyceae [4]. The laboratory experiments
must be confirmed by field experiments.

2

Introduction
Questions about global warming and climatic change introduce activities in
environmental observing systems. In the field of sea observations, for example
organisations for Global Ocean Observing Systems (GOOS) and the adequate
European EuroGOOS, were founded also to coordinate and initiate environmental marine observations [5].
For this reason measurements of the different water parameters of low cost
become more interesting. Sensors for physical and chemical parameters are of
main interest. Specially biological sensors became also more and more
important [5]. Biological sensors can help to inform about algal blooms, toxic
species and biomass production in the sea. Physical, biological and chemical
data from the Sea are necessary to optimise adequate mathematical
forecasting models.
In Germany the BMBF promote for nearly three and a half years from March
1998 to June 2001 the research and development project „Measuring System
for Ferries” (Blue Box). The project was initiated by Prof. Koske at the Institute
of Applied Physics (IAP) of Kiel University. In 1999 it was carried on at the
Centre of Applied Marine Science (ZAM) of Kiel University.
The realisation of the Blue Box project resulted in a low-priced flow-through
system for running mainly at ferries of opportunity. The system has CAN-Bus
connected sensors. It is ferries qualified and seawater consistent. At time the
following sensors are available: temperature, conductivity, turbidity, oxygen,
chlorophyll and pH. The partner industry in the project GO-Systemelektronik
GmbH (Kiel) makes the Blue Box System in first prototypes available.
The scientific part in the project is to adapt and optimise the algae online
analysis on marine phytoplankton. The aim is to detect parameters of the
dominating marine algal groups. In this article we show the possibilities of the
algae group detection as biological sensor.

Material and Methods
The Blue Box System initiated by the BMBF project can be seen in the fig. 1
(next page) or in detail on the web pages of the partner industry GOSystemelektronik at “www.go-sys.de”.

- Figure next page Figure 1: Sensor integrated hydraulic tube system and the Blue Box
schematic.
The sensors are integrated in a hydraulic tube as shown in the upper picture. The sensor
signals were collected by a CAN-Bus and stored e.g. on a PC as figured in the lower picture.
The arrow between the pictures show for example the salinity sensor in the hydraulic tube and
in the Blue Box schematic. The system is open for further sensors, because of its modular
structure. Modified pictures from GO-Systemelektronik GmbH.
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Figure legend see
previous page.
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The Algae-Online-Analyser (AOA) is an additional biological sensor for the Blue
Box System. It can be connected on the CAN-Bus of the Blue Box and its data
protocol.
We used a limnological calibrated AOA from BBE Moldaenke GmbH (Kiel) for
the algae group detection. The algae group detection is based on actinic light
sources at 5 different wavelengths in the PAR window from 380 to 700 nm. The
detection of the chlorophyll fluorescence response was done at the wavelength
range from 680 to 720 nm. A principle view of the measuring head is given in
fig. 2.

Figure 2: Principle of the measuring head for algae group detection.
The fluorescence emission of the water sample (in the centre) will be stimulated by 5 different
coloured LEDs. They are pulsed one after another (see the time figures at the bottom). Behind
the optical filters the fluorescence answer will be detect by a photomultiplier. The amplitude of
fluorescence on every light pulse gives the parameters for the analysis of algae group detection.
Modified fig. from [4].

The fluorescence light answers to the 5 actinic light sources were compared
with the known spectral values of different algae groups. These 5 values
detected for each algae group are named fingerprints [1-4]. They will be used in
the fit routines as measured reference and classification values for the algae
groups. An identification of different algae groups by a mathematical algorithm
(Gauss-Jordan-Elimination) fits better as much the fingerprints of the algae
groups are distinct. So it is very important to find the optimal actinic wavelength
to get mostly distinct fluorescence values for the interesting algal groups.
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Figure 3: Excitation spectra of four algae classes
The spectra were measured with a RF5001PC-spectrofluorophotometer (Shimadzu) with an
excitation from 380 – 700 nm (excitation slit 3 nm) and a detection at 720 ± 20 nm.
Pheaodactylum tricornnutum (diatom, brown spectral group), Pyrenomonas helgolandii
(cryptophyceae, mixed spectral group), Synechocystis spec. 6803 (cyanobacteria, bluegreen
algae) and Dunaliella salina (chlorophyceae, green algae) are representative for the differences
between the algae taxa. Error tubes are given as smoothed lines along the curves from 3
experiments. The values are normalised to maximum. Modified fig. from [4].

Figure 4: Fingerprints of four different algae groups.
Data are taken from the spectra shown in fig. 3. The smoothed curves only connect the
fingerprint values of each algae group.
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The LED wavelengths 450 nm, 525 nm, 575 nm, 590 nm, and 610 nm were
used first for the phytoplankton determination in the German Bight. These
values were taken from studies of many measured algae spectra of the relevant
phytoplankton species to recognise the green, bluegreen, brown and mixed
algae group. The fingerprints of these algae groups are shown in fig. 4.
Improvement of the AOA data by a fit-quality criterion and LED change
In situ experiments with the AOA and the comparison with well known standard
methods to detect phytoplankton (HPLC, microscope, flowcytometry) show for
the not dominating algae groups (the green and mixed algae group) wrong
values for the Chl.a amount.
The field experiments showed that a quality check of the measured value fingerprint comparison is very important for a first result validation. A fit-quality
criterion for every sample was built up as given in the following equation:
Fit-quality criterion = sum of (measured raw data – fitted data)
Our experience for example in laboratory experiments shows, that for a value
greater than 30 the algae group detection is incorrect (see in results). We
figured out that an amount of dead fluorescence material disturbed a correct
algae group detection. The fluorescence emission in the blue wavelengths
region was too high (see in fig. 5) and could not be compensated by the
combination of used fingerprints.

Figure 5: Excitation spectrum of pheophytin a
In comparison to fig. 3 the spectra of pheophytin (in acetone) were measured. The fig. shows a
strong emission in the blue range (390 – 440 nm). The spectrum is weighted by the emission
spectra of the five LEDs used for the algae group detection (named LED 1 to 5 as in fig. 4).
Integrated over the full range the result is a mass for the fluorescence emission. Modified fig.
from [4].
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This criterion for rating the fit gives us the possibility to eliminate a fluorescent
material, which adulterate the algae group detection as variable offset. The
consideration of dead fluorescent material, possibly pheophytin a (shown in fig.
5) a derivate of chlorophyll a, generates in many experiments a better fit-quality.
It was realised by implementing the dead fluorescence material as own fingerprint, instead of the green spectral algae group fingerprint of chlorophytes. The
algae group detection now gets an accuracy so that a further split up of the
North Sea dominating brown spectral group in diatoms and dinoflagellates
becomes possible. Until now, the problem in the brown spectral group was the
high similarity in the spectra of these two algae groups as shown in fig. 6. For
this aim the actinic irradiation wavelengths of some LED’s were changed in the
AOA for better spectral actinic fingerprint answers. Now the wavelengths have
the following values: 450 nm, 470 nm, 525 nm, 590 nm, and 625 nm.

Figure 6: Comparison of the spectra of dinoflagellates and diatoms
The spectra of dinoflagellates and diatoms are normalised to the signal of the wavelength of
673 nm. The variability width for different measured species is given as smoothed lines around
the spectra. Modified fig. from [4].

Results
Laboratory experiment to detect diatoms and dinoflagellates
To proof the quality of our modified AOA, a laboratory experiment with a sample
of a diatom - dinoflagellate mixture over a time of 12 hours was done. At the
beginning of the experiment, both algae species were hold in the water column
by stirring the sample. Then the stirrer was stopped and looked for the effects.
Figure 7 shows a fast break down in the diatoms. The values for the
dinoflagellates decrease much slower, what can be explained by their ability to
swim with their flagellates. The diatoms sink to the bottom of the cuvette after
stopping the stirrer. This behaviour can be seen in fig. 7 very good. After
starting the stirrer again, the AOA values reach nearly the same values as at
the beginning of the experiment eleven hours before.
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Figure 7: Long time experiment with a dinoflagellate-diatom mixture.
The Chl.a concentration is measured in a cuvette with a stirrer. The detection of both algae
classes was done by the AOA. Modified fig. from [4].

Proofing the changed AOA on a sea trail Büsum-Helgoland-Büsum
A cruise Büsum-Helgoland-Büsum was shipped with the research vessel
“Südfall” in 2001, April the 25th and 26th. The Blue Box was installed in
combination with the modified AOA. Physical and biological data were collected.
The AOA data are discussed without and with consideration of the quality
criterion and the possible offset by way of using an adequate fingerprint for
dead fluorescence material for the fit. The AOA data fitted without pheophytin
used the fingerprints given in fig. 4, but the bluegreen spectral group
(cyanobacteria) was changed with the dinoflagellates fingerprint.
First, the physical data of the transect was shown in fig. 8. They show typical
values for conductivity and temperature and a low absorption for the whole
transect. On the tour back to Büsum, temperature and conductivity are nearly
similar to that the day before in fig. 8. In contrary the absorption rises at April
the 26th to values of 20% near the coast (data not shown).
The biological parameters measured with the AOA are given for both routes
without and with the criteria specified above in material and methods. Figure 9
shows the “normal” results of the AOA, specified for the North Sea including the
fingerprints of chlorophyceae (green spectral group), cryptophyceae (mixed
spectral group), dinoflagellates and diatoms (both brown spectral group). The
figure shows, that only chlorophyceae and cryptophyceae seems to be
dominating the water column. Only two samples contain diatoms.
In that period of the year, mostly diatoms had to be in the water column, so we
look for the fit-quality criterion, plotted in fig. 10. The values are rather high,
most are greater than a value of 75.
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Figure 8: Physical data from the cruise Büsum – Helgoland (25.4.2001)
The physical data for temperature, conductivity and absorption are shown. The units are given
in the figure legend for each parameter, the values are plotted on the right axis. First sample at
16:06 and last at 19:21 o’clock (HW 15:02, LW 21:20).

Figure 9: Fitted AOA data from the cruise Büsum-Helgoland (25.4.01)
without considering pheophytin.
The Chl.a concentrations are below 10 µgChl.a/L with increasing values near the coast. The
used fingerprints are given in the figure legend. Some diatoms are found near Büsum. The
fingerprint consider no pheophytin. Data from the same cruise and samples as in fig. 8.
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Figure 10: Fit-quality of the AOA data in fig. 9.
High values around 85 are given for the fit-quality, only near the coast the values became
smaller. The given pheophytin data are in relative units (r.u.).

Now the stored AOA raw data of the tour were fitted again, but now the
fingerprint of the chlorophyceae was changed with the fingerprint of pheophytin
a in the hope of a better fit-quality criterion and a more serious interpretation of
the AOA data. Figure 11 shows the result of the algae group detection and fig.
12 gives the new fit-quality values and the eliminated pheophytin a values.

Figure 11: Fitted AOA data as in fig. 9 but under consideration of
pheophytin.
Near the coast only diatoms are detected. Later for concentrations around 2 µgChl.a/L
dinoflagellates are also found, and near Helgoland diatoms and cryptophytes are dominating.
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The dominating algae in fig. 11 are now the diatoms for higher algae
concentrations. In the range of 1 to 3 µg Chl.a/L near Helgoland both other
algae groups show little signals. But important is, that for concentrations higher
3 µg Chl.a /L, the algae group detection attaches plausible. Figure 12 shows
much lower values for the fit-quality, so that both criteria give better values in
fig. 11 and 12.
The result of the offline fit was proofed by exchanging the fingerprint of the
mixed spectral group (cryptophytes) to the one of the green spectral group
(chlorophytes), and the fit-quality value rise up.

Figure 12: Fit-quality of the AOA data considering pheophytin in fig. 11.
The fit-quality of the AOA data in fig. 11 becomes much better with implementing the pheophytin
finger print in the fit routines. For comparison see fig. 9. The given pheophytin data are in
relative units (r.u.).

The tour back to Büsum shows higher Chlorophyll a concentrations. First the
fingerprints of chlorophyceae, cryptophyceae, dinoflagellates and diatoms were
used again to fit the stored raw data of the AOA. Figure 13 shows that only
dinoflagellates are not detected. The fit-quality value is very high for most
samples. The plotted triangles give the HPLC analysed data of three positions
of the transect.
Figure 14 shows the fit-quality for the algae group detection by these
fingerprints. The values are very high.
Changing the fingerprints in the same way as from fig. 9 to fig. 11, the picture
from fig. 13 to figure 15 becomes very clear and plausible. Nearly all algae
groups disappeared, only the diatoms stay in the samples. Also in fig.16, the fitquality becomes much better.
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Figure 13: AOA and HPLC data from the back cruise Helgoland – Büsum
(26.4.2001)
The AOA data are fitted without pheophytin adequate to fig. 9. In all samples chloro- and
cryptophyceae are detected. No diatoms were detected near Helgoland, but towards Büsum
they dominate the algae content. First sample at 09:57 and last at 12:58 o’clock (LW 9:32, HW
15:36). The HPLC data are given as fluorescence analysis (HPLC FL2000) and as absorption
data (HPLC-Spectrafocus).

Figure 14: Fit-quality of the AOA data of fig. 13 (without pheophytin).
Fit-quality of the data in fig. 13 without considering pheophytin. The values are very high at the
beginning of the back tour to Büsum. These high values correlate good with that part of the
cruise, which show no diatoms.
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Figure 15: AOA data fitted now with pheophytin and HPLC data.
We used the same raw data as in fig. 13, but now under consideration of pheophytin as
fingerprint for the fit algorithm. In contrast to fig. 13, now all detected algae are diatoms. No
cryptophytes are detected.

Figure 16: Fit-quality of the AOA data shown in fig.15.
The fit-quality of the AOA data becomes much better (in relation to fig. 14) if pheophytin is a
fingerprint in the fit algorithm also at the cruise Helgoland-Büsum.
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Discussion
Figures 9 – 16 demonstrate that it is very important to consider the pheophytin a
fingerprint for a correct and plausible data interpretation.
The comparison with the HPLC data in fig. 15 shows that our interpretation
including pheophytin a is reliable. Pheophytin a was found in the three water
samples by HPLC. The marker pigment lutein for the green algae group was
not detectable by HPLC analysis. The xeaxanthin peridinin for the group of
dinoflagellates was also not found in the three samples and alloxanthin for the
mixed algae group (cryptophyceae) only in some samples with an amount near
the border of resolution. So also the correlation of the fitted AOA data with the
HPLC data of the three samples of the back tour gives a clear picture of the
credibility of the AOA data in fig. 15 against the data in fig. 13.

Conclusions
Our experiments give good results, to use the AOA on ferries in the German
Bight or on other marine cruises. It is very important to know a quality criterion
for every AOA data fit, and to know possible offsets within the fits by way of
using an adequate fingerprint i.e. for dead fluorescent material as pheophytin a.
Without checking these two factors, it is very difficult to interpret detected values
for different algae groups by the AOA.
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