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Part 1

MOTIVATION, BACKGROUND AND
TECHNICAL DEVELOPMENT
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High quality monitoring of the marine environment benefits
from autonomous, high frequency measurements

Autonomous devices like FerryBox operating e\
on VOS further reduce monitoring effort DQ?QELOS” Salinity
Phytoplankton mostly estimated by o Nutrionts
fluorescence ST
A Mostly bulk biomass FerryBOX
A Limited taxonomical information
A Variable due to physiological TUrBIdIEY .
condition of the cells
A Frequent calibrations necessary diss. "
Oxygen
pCO,

Absorption as a more stable alternative/addition?
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Introduction: The integrating cavity approach :

Obstacles in absorption measurements: point-source integrating cavity
‘ ) 0 Low amount of N absorption meter
Partlclliesh?catter absorbing (PSICAM)
9 ) material
J Spectrometer
4 N N\ 4 . Plug
| Additional Concentration ~NS
light loss necessary Integrating cavity
N
- J - ~
4 N\ 4 N
: Light
| Correction Manual So'l?rce
necessary handling
\ J - J
4 N
Long Water
|
cuvettes Sampre
- J

Aim: Adapting the PSICAM approach for flow-through operation




Current status of development
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The Hyperspectral Absorption Sensor (HYAbS)

Lamp

pectrometer

......... tm._{;

Int. Cavity

' m

Sample H V1
Purified water H V2
Nigrosin H V3
Bleach H V4
Cleaning agent H V5
Deionized water H V6
Air H V7

* Temperature sensor

________________________________

V9

Control Unit

Sink

A LabView-based software

A Automated operation

A By time schedule

A Only refill of necessary liquids

A Stand-alone or connectable to FerryBox

 Control box PC with control software [Lamp)




Absorption spectra
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a,gm 676 NM: Indicator of biomass | |Shape: Influenced by pigments present
(Apigm 676 Nm = a, 676 nm i a, 700 nm) Indicator for composition
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Part 2
APPLICATION AND DATA EVALUATION
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Field test in the Norwegian Sea [re Crestine
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Trondheimfjord
A Different water masses (coast + fjord regions)

A Continuous automated operation over 19 days
A No major technical problems
A One spectrum per minute (approx. 20000)

LR
A Control measurements by conventional PSICAM ‘*‘*%m

T, 3 W
SN

A Continuous in situ fluorescence measurements

R/V Heincke

W

Denmalr:ke

4

Bildaufnahmedatum:'12/14/2015"  Breite. 60:164968° Lange’  4:664789°% Hd 8
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Partially, spectra were distorted

Potential reason: Light measurements biased by air bubbles in the cavity

® Alldata @ Data meeting the quality criteria
High number of data requires e
— 0.35
automated quality check E o
E 0.15
. S 005 |
73 % of data are compliant § oo
to these criteria " s =
-0.2510.7 11.7 12.7 13.7 14.7 15.7 16.7 17.7 18.7 19.7 20.7 21.7 22.7 23.7 24.7 25.7 26.7 27.7 28.7 29.7 30.7 9




a,.m 676 nm [m]

Biomass estimation
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i | ® HyAbS ©PSICAM ¢ Fluorescence sensor Trondheimfjord R
0.15 - Sognefjord / -3
0.10 - FF W' f ‘ - 2
0.05 — ‘ i, 7 ' ._ »
0-00 ] ] ) ) I ) ) ) ) I ] ] ] ] I ] ] ] ] 0
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0.1

RZ

y = 1.1533x+ 0.0018
=0.898

n=47

0.04
ayigm PSICAM [m'!]

0.06

0.08 0.1

AGood accordance between continuous
and manually obtained data

ANo light induced variations
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Group determination: Approach
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Sample spectrum

460 450 560 5‘50 660 6‘50 700

etc.

Calculation of the M
4th derivative

Database of derivative spectra  Similarity Index

(Millie et al. 1994)

=)  0.80
)  0.74
) 0.64
) (.69
m— (0.89

11
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Group determination: Test with cultures

140 spectra of algal cultures
(85 species, 16 spectral groups)

4

Mathematical creation of artificial communities
A All possible combinations
A One dominant spectrum, one background spectrum
A Different proportions (90:10, 80:20, 70:30, 60:40, 50:50)
Result:
Reference library of
approx. 80000 mixed spectra

Test sample Test reference

dataset _ dataset
Evaluation:

|dentification of dominant group in samples by comparison with references

12
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(60 %) correctly [%] A Crysophytes

Diatoms 87 A Cryptophytes

Chlorophyte Type | 95 A various groups of cyanobacteria
Chlorophyte Type I 59

Chlorophyte Type Il 43 A Chlorophytes were often confused with
Chrysophyte o1 each other, but not with other groups
Cryptophyte Type Il 94 o _
Y — 93 A Summarizing chlorophytes in one
(bluegreen) group?

Cyanobacteria Type Il 96

(brown) A Difficult identification of diatoms,
Cyanobacteria Type IlI 96 dinophytes and haptophytes
(Prochlorococcus)

Dinophyte 56 A Summarizing in one group?

Haptophyte 38

13




Application to field data
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High turbidity (coccoliths?)

A
| 1

Only occurrence of Alifficult groupsii

But: Difference between the two fjords visible
Results reliable?

Sl field samples < Sl culture samples

Limited number of culture spectra in database
Light conditions different

=) Inclusion of field spectra in database required

S| Value

1.0 - 0.99
| i
- 0.93
0.91
0.8
0.7
0.62
0.6
0.5 T Y
Laboratory test Field data 14




