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SUMMARY

In an effort to compare the primary production (Piasurements in the Baltic Sea, four
institutes got together in an intercalibration with the aim to obtain similar values
and a common method protocol. The strategy wasotopare different methods on the

same water sample and to identify sources to dfgreinces.

The four methods showed different results and ifferdnces were systematic. This was
due to that the methods measured different thimgsta that there were differences in the
manuals followed as well as to differences in theasurements. The manuals gave also

possibilities to choose different variations of thethod.

We have now managed to list all the differences lzank a plan to investigate each step
further with the aim to agree on a common methdus fieeds however to be tested to find
the best method. The first step is to carefully suea the spectral composition of our
incubators. We will see to that we get proper speahd enough light. Other differences to
be tested are the incubation time, the quality*®f added and the end addition of

hydrochloric acid, HCI.

We think that the measurement of primary productsommportant and want to do it in the
best possible way. To do this we need to havedali@rations or a regular basis. We also
need to test all the steps to find the most swatabéthod. The discussions will continue
until a common manual is agreed upon. We also nedavite institutes from around the

Baltic Sea to agree on a change in the common ntanua



Sammanfattning

For att jamfora primarproduktionsmétningarna somogefors i Ostersjon samlades de tre
organisationer som utfér den Nationella miljoovémiagen och en forskare fran USA i en
interkalibreringsévning. Avsikten var att jamfora dlika metoderna som anvands och att

identifiera eventuella kallor till olikheter.

De fyra metoderna gav olika resultat och skillnadevar systematiska. Orsaken till
skillnaderna 1&g dels i att metoderna matte olidees och dels i skillnader i manualerna for
matningarna, férutom att det fanns skillnader ivsjgmatningen. De anvanda manualerna

gav mojligheter till variationer och de olika ut@ma hade valt olika.

Vi har kunnat lista upp alla skillnader och plameatt utforska varje steg i metoden for att
kunna komma 6verens om en gemensam metod. For ldéita tester for att finna den
basta metoden. Forsta steget blir att mata speddrainkubatorlamporna. Ljuset i
inkubatorerna skall ha ett spektrum som liknar sasié mycket som majligt och tillrackligt
hog ljusintensitet for att uppna ljusmattnad. Andikdllnader som behover testas &ar

inkubationstider'*C kvalitet och avslutande tillsats av HCI.

Vi anser att primarproduktionsmatningar ar viktmzh att de skall goras pa basta mojliga
satt. For att kunna gora det behover vi ha prowsjingforelser regelbundet. Alla ingdende
delar behover testas for att hitta den béasta nadgigmensamma metoden. Diskussionerna
kommer att fortsatta tills vi har enats om en gesaem metod. Vi behdver &ven bjuda in
andra organisationer runt Ostersjon och internatibrfér att komma 6verens om

gemensamma riktlinjer.



INTRODUCTION

The primary production is the base for the productin earth. A big and measurable part
of it is carried out by planktonic microalgae irethhotic zone, i.e. the illuminated part of
the ocean. A good estimate of the rate of the psinpaoduction (PP) is important if we
want to estimate possible production in higher tiioplevels. An estimation of the
ecosystems capacity to assimilate and permaneioitg €Q from the atmosphere is also

important.

A common way to measure primary production is talle assembly of algae incubate
situ or in an incubator with’C labelled H*COs; this method was described by Steeman
Nielsen in 1952 and has been commonly used sirere Boming as a useful tool is the
fluorescence method FRRF where the fluorescenee ftdorophyll a is measured situ.
The **C method has the advantage of being used for maaysyand it has a proper
detection limit. The FRRF method has the advantddeeing clean, it work@ situ with

little stress on the algae and there is no laboratork to be done afterwards.

Steeman Nielsen wrote already in 1975 that the B&uarements had an error of 30% so
some variation was to be expected. This uncertasmtyomposed of natural variation as

well as of analytical errors in the technique, freample collection to the final calculation.

In an earlier comparison exercise 24 laboratorigsnf 15 countries compared their
scintillation counting and their calculations (Ractison 1991). The four institutes in this
comparison also participated in the earlier exerci$e old results showed that there was
much variation in the results even if it was fit¢o be counted in a scintillation counter or
results to be calculated. There was also a congrared field measurements where

differences in results were shown.

Our aim was to again estimate inter-laboratoryedédhces when applying the HELCOM
guidelines using our in-house method protocols aitlour regular equipment. As a further

comparison the FRRF method was used at the sarae tim
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METHODS

Location

The intercalibration took place onboard U/F Argaesiog the week May 11-16, 2009.
Samples were taken at seven stations: N14 Falkgnbeholt E, BY 5, BY 15, BY 32,
RefM1V1 and finally Anholt E again (Fig. 1). Thresations were sampled in the
Kattegat and four in the Baltic Selslost of the stations were sampled during daytime
except BY 32, which was sampled in the middle @f might. The stations used are part
of the Swedish monitoring programme under the Sstedinvironmental Protection
Agency (SEPA), and are sampled once a month by SNtHall stations except BY 32

the PP is measured regularly.
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Figure 1. The sampled stations. The station AnBoltas sampled twice with four days
between the occasions.

The participants and their methods

Participating were the three institutes respondilniéhe Swedish monitoring of PP in the
Baltic Sea: Department of Systems Ecology, Stoakhbtlniversity — (SISU), Umeé
Marine Sciences Centre, Umea University — (UMSQJ &wedish Meteorological and
Hydrological Institute — (SMHI). In addition NatiahOceanographic and Atmospheric
Administration — (NOAA), USA, participated. The Saveh institutes worked with
incubation techniques with artificial light and tlaeldition of H*COs;, while NOAA
participated with a fluorescence method, Fast R@petRate Fluorescence (FRRF),

carried out in natural light.



Sampling

For the incubations two samples were taken witbseH0 m long and 25 mm wide. The
two samples were mixed in a dark bucket. After mgxsubsamples were distributed to
the participants. From the bucket were also takenpses for pH, alkalinity, salinity and
chlorophyll a measurements. The water was genityedt during the subsampling to
avoid sedimentation in the bucket. Meanwhile theubations took place the FRRF was

run in the water column.

Light measurements

The spectra of the incubator light sources whempared using a spectroradiometer,
Ocean optics USB 2000 with an optical fibre P-400\2VIS and a CC3-UV cosine
corrector sensor. It was calibrated using a séraps also from Ocean optics, DH-2000
Deuterium Tungsten Halogen Light Source. The phuotibetic active radiation (PAR) in
the flasks was measured with a submersible lightmieom Biospherical instruments
QSL 2100 with a spherical sensor small enoughttm fihe incubation flasks. The PAR
in the water column was measured during the CTDsoreanents, with a Biospherical
instruments QSP-2300 with a spherical sensor athth the CTD. The FRRF had an
additional light meter built in. The data for irfadce in air was taken from the SMHI
STRANG database.

Incubations

The incubations were made according to the HELCQwWhRine and the SEPA manuals
with modifications. Two different incubator modelere used: two of the model from
Hydrobios and one from Danish Hydrological Ins&tyDHI). The Hydrobios incubator
works with 12 individually shaded 50 ml bottles.eTtotation is propelled by the cooling
medium. The DHI incubator works with 11 40 ml cléattles that are placed in a row to
shade each other with the help of a black meske.tlihe rotation is propelled by a
motor. The cooling medium for SMHI and SISU wasvesiar pumped from 4m depth
and for UMSC a temperature controlled cooling baitihh water with polyethylene glycol
(= 0.5 °C). The incubation time varied between RIKB) and 3 hours (the others). The
incubations were terminated and the samples wéhnerdiltered as a whole onto a GF/F
filter or a 5 or 10ml subsample was taken out dredwhole water was measured in a

scintillation counter after addition of scintillati fluids.

FRRF

Fast Repetition Rate Fluorescence, FRRF, measutemeere performed at 1 m
intervals. The FRRF values were linearly interpedabetween neighbouring points to

obtain values at depths corresponding to the ligétlings. Productivity was integrated
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to the deepest light reading (approx 31 m). FRREsuements were only performed to
21 m or less depth. It was assumed that all FRRBymtivity model parameters except
light (chlorophyll, absorption cross section anafoisynthetic efficiency) did not change
below 21 m and the 21 m values were used in thduatovity model for all deeper

calculations. During daylight hours, the FRRF coutd sample above approx 3 m due to
contamination of the fluorescence signal by ambredtlight so the FRRF values from

the shallowest usable reading were used near surfac

Productivity estimates were made using an FRRFbpssluctivity model developed by
Chris Melrose and tuned using C14 data from Namsgi Bay. It uses only dark
chamber data unlike traditional FRRF models thquire light and dark measurements
Traditional FRRF models (Kolber and Falkowski 1983Smyth et al 2004) require a
series of measurements throughout the day to dstidaaly production. This type of data

was not collected. For the comparison values frehd @n were calculated.

Table 1 Oceanographical data for the stations.

Lat Long Temp Salinity pH Alkalinity  Calculated Chlorophyll
Inorganic carbon
°C psu mmol/l mg /| mg/|
N 14 56.94 12.21 10.59 21.16 8.32 212 21.03 1.4
Anholt E 56.67 12.12 11.01 18.99 830 1.96 20.58 1.2
BY 5 55.25 15.98 7.52 7.50 8.40 1.66 17.47 51
BY 15 57.33 20.05 6.92 7.17 8.63 1.67 17.09 1.4
BY 32 58.02 17.98 7.32 6.69 851 1.58 16.16 1.6
RefM1V1 56.37 16.20 9.14 7.07 8.26 1.63 17.35 1.0
Anholt E 56.67 12.12 11.27 18.70 8.31 1.95 20.36 0.8

Additional measurements

Together with the PP other oceanographic parameters measured at the stations. The nutrients
were measured using colorimetric methods with alPKREM auto analyzer except for ammonium
which was measured manually with a spectrophotamiitachi U-1800. The chlorophyll was
measured with extraction in ethanol and measuratt wi fluorometer Hitachi F-2500, pH was
measured with pH electrode Orion Ross 8102BNUWRliality with Gran titration using a Metrohm
665 Dosimat and salinity with Mini Sal lab salindere All parameters were measured using
accredited (SWEDAC) methods.
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Table 2 Differences in the regular incubator methddifferences also occurring during the
workshop marked with an *. UMSC and SMHI also madend 3 comparisons with
filtered and whole water samples.

SISU

UMSC SMHI

Sampling

19mm hose 0-10m for
incubator. for in-situ - water
from incubation depth

Hose 0-10 m 25mm hose 0-10 m

Incubation time

Always in daytime

Always in daytime, though
dark during winter

Anytime; depends on when
the ship comes to station

Incubator

Hydrobios*

Hydrobios* DHI*

Light source

Light tubes Philips

Light tubes (Aura. T5. 8 W. Phillips HPI-T Plus lamp*

TL8W/33* 840)*
4C distributor Amersham* 4C- central. DHI* 4C- central. DHI*
14¢ specific activity 5* 50* 10*
(uCi/ml)
¢ solvent Water and Borax* Water* Water*
¢ volume added (ul) 500 in 59ml* 64 in 59ml* 200 in 38 ml*
Incubation time (h) 3 incubator* -4 in-situ 3* 2*

End sample volume (ml)

10ml whole water*

38ml on a WhatnaF/F
filter*

5ml whole water*

HCI added to remove the

500 pl 10 % to 10 ml

300 pl 5 M to 5ml sample* 200 pl 0.1 M on the fitte

excess inorganic“C sample*
Mean light (LE m? s 470* 415* 808*
SD light (UE m? sY) 80* 123* 481*

Light variation

Individually shaded bottles*

Individually shadedttes*  Stacked clear bottles shaded

with tulle*
Rotation With the cooling medium* With the cooling medium* dtbr*
Rotation rate (rpm) ~10* 10-12* 10*

Cooling medium

Water from 4m depth*

Water bath with 30 %
polypropyleneglycol*

Water from 4m depth*

Flask wash prior to
sample

One flask sample water*

One flask sample water* Mask sample water*

Flask wash after
incubation

3 flasks deionised water*

2 flasks tap water. Qaskf New flask each incubation*

1 M HCI. one flask Milli-Q*

Flask wash after
expedition

10% HCI now and then

2 flasks tap water. One flaskClI, 3 flasks deionised
1 M HCI. one flask Milli-Q  water

Scintillation

TriCarb 1600 TR*

* DHI accredited by DANAC*

Scintillation liquid

LumaGel Safe*

OptiPhase High Safe 3* OptiPhase Higfe 2*

Calculations

Respiration 6% and
temperature in the equation

Uses Ostrom 1975 for
inorganic carbon

Respiration 6% and Uses Zeebe and Wolf-
temperature in the equation Gladrow 2005 for inorganic

carbon
Uses Gargas 1975 for

inorganic carbon

& Prior to 2009-01-01 Light tubes Philips TL8W/33reveised.
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Variations

Light irradiance spectra varied markedly betweendifferent light sources. The Aure light
tubes used by UMSC in this comparison had unddikcigght at some wavelengths. In
addition the DHI incubator used by SMHI had 808 mE s* as average light irradiance,
while both SISU and UMSC were about half of thikrea

The amount of HCI added to remove inorgafi©®O; from incubated samples also varied
markedly. SISU used a final concentration of 50 mkile SMHI and UMSC used final

concentrations 2 and 6 times higher, respectively.

Isotope final concentrations were fairly similauthhe pre-handling varied between SISU
and the other laboratories. SISU dilute their staalkition in borax buffered distilled water,
while the other laboratories withdraw the aliquditectly from the stock vial. In the latter

case the volume is chosen to last for one incubatio

We found differences in the HELCOM Combine manual & the SEPA manual. In the
SEPA manual there is a temperature correction ifé@rdnces in temperature between in-
situ and incubator. This correction is not in thELLLOM Combine. There is a respiration
factor of 1.06 in SEPA but not in HELCOM.

There are also some different ways to calculateatheunt of inorganic carbon available
for the algae. SISU and UMSC use the tables frorchBL945, in SISUs case with
modifications by Ostrom 1975. SMHI uses equationsifZeebe and Wolf-Gladrow 2005.
The equations use measurements of pH, salinitt@emg@erature in the calculations and in

Zeebe and Wolf-Gladrow 2005 measured alkalinitysed as well.

The differences between the incubator handlingbsageen in Table 2. The differences that

occur during the cruise are marked with an asterisk
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Figure 2 The irradiance from the light sources. Meaments in air. UMSC — blue. SMHI
— Red and SISU — Green.



RESULTS AND DISCUSSION

In this study we covered stations that varied tyeiarterms of phytoplankton composition
and nutrient composition (Figs. 6 and 7). The statBY 5 had the highest amount of
nutrients, chlorophyll a and number of algal c€elleere was also a difference in the algal
composition between the Kattegat and the Baltic $&#a Kattegat (N 14 and Anholt E)
containing more heterotrophs than the Baltic statidfhese environmental factors have a

potential impact on the PP measurements.

The results from the FRRF aftC assimilation differed in this study (Fig. 5). Fatations
were much higher than tH&C measurements, while two of the stations werénénsame
range and one of the stations was not measuredagon can be that the FRRF measured
higher productivity with lower light as opposite ttee incubators where the opposite was
seen lower productivity with lower light (Fig. 3Jhis depends on the higher chlorophyll a
content at these depths. The high production irosimo light is still to be explained. The
values in Fig. 5 are calculated from 0-10 m. Iflveve high production in the water deeper

than 10m, we will miss it with our sampling method.

Anholt E2 Anholt E2

0 0
5 B /
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Figure 3 An example of the productivity pattern swead with the FRRF, together with the
accompanying light measurement. This is the lastoRrE station and here the
results differ a lot. NB. The incubators measurly @lown to 10 m.

Within the incubator experiments there were al$fedinces. The first result we could see
was that the light spectra varied a lot betweendifferent incubators (Fig 2). The SMHI

lamp had the most complete spectrum but the peake wery high. The SISU spectrum
was mostly in the green part and lacked wavelengjtbster than 445 (except for a peak at
430) and longer than 645. The UMSC spectrum shogags here and there. The light
intensity was highest in the SMHI incubator (TaB)e The spectra inside the incubators

showed signs to be even more different but they hlawbe measured again to make any
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PP mg m? day™
|

certain conclusions. How much the spectrum affeots result is unknown, but it is
potentially a substantial source of differencess the most likely candidate to explain the

main part of the measurement variation betweeinitigators seen in this exercise.

For the comparison all the incubator results wedleutated in the same ways. Still there
were differences (Table 3 and Figs 4 and 5). Ti®JSesults are always the highest and
UMSC approximately 50 % of SISU and SMHI 70 % o868l (Fig. 4). The differences
between SISU and SMHI are quite constant while UMB&e results that are lower than
50 % in the Baltic Sea and higher in the first Kg#it stations. This can be speculated to be
due to a combination between different algal coritjprs and the spectrum in the

incubator, but for now it is only speculations.

The extra samples taken by SMHI and UMSC showedtdHI higher results when the

whole water was counted than when the sample Waeefi. For UMSC single sample this
was not found, the results were almost identicakdretically the result for whole water
should be somewhat higher because the algae exgdeio compounds to some extent.

These compounds are not captured on the filter.

mUMSC

600 O UMSC extra
| SMHI

500 + B SMHI extra
@ SIsuU

w

o

o
I

N

o

o
I

) 1

N 14 Anholt E BY 5 BY 15 BY 32 RefM1V1 Anholt E

Station

Figure 4 The daily production values measured withincubators calculated. UMSC -
blue and the extra measurement light blue. SMi¢ld-and the extra measurement
pink and SISU — green.
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Figure 6 The composition of algal groups in the @vatncertae Sedis consists of
heterotrophs. In BY 5 the most common specieshed3hrysocromulina
polylepis The green line is the chlorophyll concentratiarthe water.
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Table 3 The Raxx and thea values. The extra samples are for UMSC one fdied for
SMHI tree whole water samples.

Pmax [ugCrh™] a [ugCl*h

SISU UMSC SMHI | SISU UMSC SMHI
N 14 204 1127 1466 |0.011 0.006 0.008
N 14 Extra 1.754 0.007
Anholt E 1.88 1.054 1.345 |0.009 0.004 0.005
Anholt E extra 1.557 0.008
BY 5 581 2234 3901 |0.028 0.013 0.015
BY 5 extra 2161  4.509 0.013  0.018
BY 15 3.10 1.247 2.080 |0.018 0.005 0.008
BY 32 1.89 0.717 1.181 |[0.010 0.005 0.010
RefM1V1 1.45 1.040 0.963 |0.009 0.004 0.005
Anholt E 1.93 0.810 1.221 |0.010 0.004 0.008




CONCLUSIONS AND RECOMMENDATIONS

We found differences in the result from our incidraimeasurements. The FRRF technique
suggested significant GQixation rates also at depths were light irrad@&aneas low or
undetectable. It further showed 3 times higher emlthan thé“C-based techniques. Also
the **C-based techniques differed by a factor of 2. Wmébit necessary to investigate why
we got so different results. Some variation is ofirse expected but it should not be

systematic.

The manuals from HELCOM Combine and from the SEM#&wamarked deviations in
practice (Table 2). The manuals need to be updateldwhere there are ambiguities the
best procedure should be decided through tests.aitheshould be a better harmonized

method protocol.

We could frame the source of the differences betwbe “C-based techniqués some
quality factor of the incubators, light quality, Hiteatment, isotope, or flask washing. This

was because the differences were occurring alraadipm uptake in the incubation flasks.

The quality of light spectra could also influenbe tdpm differences found. The gaps in the
UMSC spectra compared to SISU may explain the IdRevalues observed in the latter
case. However, the spectra measured outside therattbator by SMHI does not fall into
the same explaining pattern. The possibility ofompromised spectrum inside the DHI

incubator has to be confirmed by further measurésnen

Also the isotope quality could influence th%0, uptake in the incubation flasks. The
borax buffered and diluted isotope of SISU coulttdduce some stimulating nutrient.
Alternatively, the manufacturer’s stock solutiorultb contain some hampering substance
explaining the lower PP values of SMHI. If the @mntrisotope qualities have no effect on
the measurements, direct use of the stock solfition the manufacturer provides the least

laborious protocol for routine work.

These hypotheses need to be experimentally testkdha best practices for measurement

quality and least laborious procedures adopted fature standard operating procedure.

We think that the PP measurement is importantHerunderstanding of the dynamics in
the sea and we want to measure it in the best ljessiay. This means that more
intercalibration is necessary. We argue also tiatntethod should be possible to do during
monitoring cruises, which means that the possildg i8 perhaps not the optimal way but
good enough. The use of the FRRF could, if we canigto work, be a valuable

complement to incubations. It needs to be studiedenthough. The FRRF can if it is
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calibrated easily give us more data points. Thg dnaw back will in that case be that it

uses more station time during the measurements.

How we continue:

1.Measure the light spectrum in the incubators. 8dbdt it is as natural as possible.
2.Determine the optim@oncentration of HCI to remove the extf&0..

3.Compare the effect of diluted and undiluted isotope

4.Test the incubation time to get an optimal timenspa

5.Test if we should use filter samples or whole watmnples.

6.Discuss with experts in the area how to estimaigga@nic carbon in the water.
7.We should remove the respiration factor from th@®AEnanual (Marra 2009).

8.The FRRF needs to be investigated further.

This intercalibration has started a necessary don and comparison among the institutes
that do the PP monitoring for SEPA. The work wiintinue at each ones lab, but the
workshop participants found it important to do coomexercises as well and wish to do
them on a regular basis. Our recommendation forfuhee is to do intercalibration and
ring tests preferably on land for efficiency andtle process we need to invite scientists
from other institutes to participate. Thesitu measurements should also be a part of the

measurement.



REFERENCES

Gargas, E., 1975. A manual for phytoplankton prim@oduction studies in the Baltic.
Baltic Marine Biologists. Publ. No. 2. Water Quglihstitute, Harsholm, Denmark.

HELCOM Combine
http://www.helcom.fi/groups/monas/CombineManual/@resC/en_GB/annex5/

Jassby, A.D. and Platt, T. 1976. Mathematical fdation of the relationship between
photosynthesis and light for phytoplankton. Limrgy@and Oceanography 21(4):540-547

Kolber, Z. and Falkowski, P.G. 1993 Use of activieiofescence to estimate
phytoplankton photosynthedissitu. Limn. Oeanogr. 38(8) 1646-1665

Marra, J. 2009. Net and gross productivity: weighin with *“C. Aquatic Microb. Ecol.
56:123-131.

Naturvardsverket
http://www.naturvardsverket.se/upload/02_tillstandemiljon/Miljoovervakning/unders
okn_typ/hav/primprod.pdf

Richardson, K. 1991. Comparison Y€ primary production determinations made by
different laboratories. Mar. Ecol. Prog Ser. Vol 789-201

Smyth, T.J., Pemberton, K.L.. Aiken, J. and Geider]).. 2004 A methodology to
determine primary production and phytoplankton phghthetic parameters from Fast
Repetition Rate Fluorometry. J. of Plankton Re$1251337-1350

Stemann Nielsen, E. 1952 The use of radio-activbora (C“) for measuring organic
production in the sea. Organic production in the $117-140

Stemann Nielsen, E. 1975 Marine Photosynthesish wgipecial emphasis on the
ecological aspects. Elsevier, Amsterdam.

STRANG database http://produkter.smhi.se/strangietion/index.php

Zeebe, R.E. and Wolf-Gladrow, D., 2005. C@ seawater: equilibrium, kinetics,
isotopes. Elsevier oceanography series 65, Satites ®avid Halpern, Pp 346

Ostrom, B. 1975. Formulae to calculate the soltybitif CO,, total CQ and primary
production in sea water. Internal report IC/75/186ernational Centre for theoretical
physics.

21



22

APPENDIX
Calculations

The base for the calculations was the equation
PP = (Tot CQ* DPM measured * 1.05 * 60) / (DPM added * incubattime in minutes)

The amount of total COwas calculated according to the equations by @stt875. DPM
is the concentration of the add¥€ tracer, 1.05 accounts f&iC lower uptake rate than
12C. 60 is for converting the incubation time to touAdditional calculations for sub
sampling were used when needed. This PP is vatidhi® light intensity for the actual
bottle.

An equation is fitted to the GQuptake for each light intensity to get the valeéghe
maximum possible production rate. ¢ and the efficiency of the algae to utilise thghti

(o). The equation used is a tangential curve fit psgpl by Jassby and Platt 1976:

PP = Rax* (TANH (0o * Epar/Pmay)-
Epar is the actual light in the bottle.

This equation was used to calculate the produdtiaimne water column together with the

light measured and /or calculated.

The light in the water column was calculated. Téfection on the water surface needs to
be estimated. For this exercise we decided to Weaéflection. The attenuation coefficient
in the water column was calculated from light measwents from the CTD profile. The

upper meter was not accounted for because it maiohgisted of disturbances from the
ship. From 1 m to the end of the illuminated zdme dttenuation coefficient was estimated

as
Ka = -In (l1-10)/(D1-Dy)
| is the irradiance at the depth. D is the depth.

The average Kfor all the data sets was used. The light at eaeter from 0 to 10 meters

was calculated.
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