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INTRODUCTION

,.

A number of chemical pr-ocesses are caused in sea water by the penetration
of light, the photooynthesis being the most important one. The oorrect inter-
pretati.on of the physio1ogical processes presU!pposes the knowledge of water
properties since it is they and the water depth that are responsible for varia-
hons in the intensity and spectral oompooition of light. A1though measurements
involving the illuminance of sea water layers somewhere are included in the
regular oceanographic investigations, thiS" problem was barely taekled in the
Adriatic area. A few .recults referring to waters off Rovinj (1,2) and in the
area off DI'Venik and Biševo Islands (2) are the only data. In this paper the
resuits of measurements of the deipendance of vertical component of daylight
on the depth for ,s.ome middle Adriatic areas, the equilpment and, same working
experiences have been Teported. The measurements took place from August
11th to September Ist, 1955.
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EX'PEIUMENTAL PA'RT

Fig. 1 shows the Pihotometric Box made of nickel plated steel 2.5 mm thiek
containing the :phot01ce11. Photoelectric current was measured by means of a
spot light galvanometar(Radiometar GVM 22) which vas mounted on gimbals
in order to reduce its swinging. A separate selenium photovoltaic ce11, also
suspended on gimJbals - in the horiwntal p.osition - was connected with
another microaIl1iPermeter continuously indicatinJg the daylight illuminance on
the deak. Following light detectors were used in theoourse of measurements:
1. selenium photovoltaic ce11, Electrocell (sensitivity 450 /-lA/Im, 15 cm2 active
surface), 2. vacuum Sb-Gs IPhotocell, Institut za Elektroniko, Ljulbl'jana (sensi-
tivity 80 /-lA/Im, 7.5 cm2 active surface) and 3. gas filled Ag-O-Cs photocel1,
Institut za Elektroniko, Ljubljana (sensitivity 200 /-lA/Im, 5.5 cm2 active
surface). Colour glass filters (Schott, Jena) 2 mm thick were applied: blue BG3,
blue BG12, green VG8, orange OG5 and red RG2. In adition to these filters,
interference fi1ter (Carl Zeiss, Jena) were arso used for s.ome measurements,
the later having considerably narrower transmittance bands (nominal velu es :
Amax463, 544, 575, and 637 mia).
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F,ig. 1. Photometric Box. 1. Plastic gas!ket, 2. iNIter, 3. ru:bber gasket, 4. opal glass
window, 5. box, 6. phortocel1, 7. ca:ble iII11et,8. si1icagel.

The measurements were performed at the fo11oving depths: immediately
bel10w the surface, 0.1, 1, 2.5, 5, 7.5, 10, 15 and 20 metres etc. The readin:gs
were record ed byimmersing and lifting of the photovoltaic ce11. In this way
twO' valu es for each depth were obtained.

As a consequence of warv.e motion, the depth of tl!-e water layer aibove
the photoce11 varied according to the rhythm of the wa ves. The curlled water
surface,. moreover, atlernatively refTacts, converges and diverges light which
caused the light intensity to fluctuate. The smaller the water depth the
greater were the errO'rs of measurem.ents due to wave motion. The average
value of the photoelectric current may be measured with satisfactO'ry accuracy
in two ways. By means of a very inert measuring circuit the fluctuation of
galvanometardeviations may !he reduced to a cons1dera:ble extent. On the other



hand a considerable nu mb er of readings with in a given time interval (largf'
enough compared with the oscillation period) can be performed and their mean
value can be computed. The err-ors oQfoOurmeasurements which were lperfoQrmed
in the later way, are estimated toO+ 5%.

All the mea:surements took place at !t10000ntide,mostly between 11 a.m. and
2 p.m. when the sun altitude shows minimum changes within the time interval.

RESULTS AND DISCUSSION

The results are shown in Figs. 2 to 6. In order to make possible the com-
paris.on of resuIts, the extinctioOn curves have been drawn in such amanner
that - with the exception of Fig. 6 - the illuminance at a depth of 1 metre
was taken as a 100% one. The resuIts oOfmeasurementJs obtained in the Bay
of Kaštela are shoOwn in Figs. 2, 3,aX1d 4. As e~ected, the curve.s are not
strailgth lines, aiI1d therefoOre o.l'0t in oonformity with the Lambert - Beer law.
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Fig. 2. The bay of Kaštela, Aug. 15, 1955.
Selenium photovoltaic ceH and
col our glass filters. Bottom depth
42 m.
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Fig. 3. The Bay of Kaštela, Aug. 15, 1955.
Selenium photovoltaic ceH and
interferenee filters. Bottom depth
42 m.

The sea water in this area is highly transparent for the green component of
light, while the extinction ability greatly increases toward red and blue
portions of the spectrum. By oomparing Fi<gs. 2 and 4, we can easily find out
that the results of measurements obtained usinga Sb-Cs photocell are practi-
cally the soQme as those obtained by means of a selenium photovoltaic cell.
Both Ikinds of measurements were made within a two day;s period and no
essential change in transmittance - as far as .the sea waterin the said area
is concerned - could be observed. We can also find out, by comparing Figs.
2 and 3 that similar result.;:; were 'obtained by using interferenc;e filter.;:; and
c;-ol.our.glass filter.;:;,
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It is interesting to note that our curves do not display the usual knees
of higher ab.'>orpti>oillat depths ranging "Qetween 3 and 15 metres. The peri.od
of the year (August) seems to be reSlpOnsible for that, since this is the time
during which population density is approaching to its lowest degree.
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Fig. 4. The Bay of Kaštela, Aug. 17, 1955. Sb-Cs photocell and colour glass filters.
Bottom depth 38 m.

The resul1;S of measurements obtained between Institute of Oceanography
and Fisheries, locat€d at the western extremity of the Marjan Peninsula, and
the eastern extremity of the Cio vo Island, on August 23rd and 24th, are not
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Fig. 5. off Solta ]sland, 2 nautical miles WSW .af MasJdnica Vil1age, Aug. 29, 1955.
Sb-Cs photocell and c-olour glass fi1ters. BO!ttom depth 95 m.
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much different fr.om those obtained in the Bay .of Kaštela. This is why the
diagrams have not been inc1uded while the results are presented in Table I.
The light transmittance .of sea water is somewhat hi!gther in the f.ormer than
in the later area.

The sea water is much moOre transparent in the area off So1ta Island,
ab.out 'two nautical mi1es WSW of Maslinica Vil1age, than in the Bay of
Ka,štela. The spectral transmittance is als.odifferent in boOth areas (Fig. 5). The
maximum transmittance oceurs here in the blue and not in the green section
of the spectrum.
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Fig, 6. Head of pier in f~ont of the msti1JuJte bui[ding, Aug. 25, 1955. Ag-O-Cs gas
photocell and colour glass filters. Bo1Jtom depth, 7.5 m.

Water highlyabsorhs the red and infrared Slpectral light. The resu1ts .of
measurements concerning this part of the spectrum are shown in Fig. 6. Since
the depths involved in our measurements were rather small, it was difficu1t
to perf.orm them from a rocking boat. This is why we immersed the photo-
metric cell from the pier lacated in frant of the Institute buiLding, at a distance
of 5 metres from the pier. .

Our measm:ements enable US to determine the mean value of the extin-
ction ooefficient K .or its redprocal value D which may be read direct1y from
the di agram. Values D are presented in Table I.

The determined values of K and 'D allow acomparison of spectral trans-
mittance between the water .of the Adriatic Sea and those of same other seas
and oceans, as shawn in Fig.7. As results frmn such oompari&oris, the degree
of transmittance in the Adriatic inshore waters (Curve B) ls above the average
value of transmittance valid for inshore waters generally. Moreaver, the sea
water of the area lying off Šolta Island (Curve A) is much more transparent
than the average .ocean water - it is alm.ost as transparent as the c1earest
.ocean water. The' data relative ta other waters (Curves 1 toO 6) are gi:ven
according ta Utterback (3).

.



Golubic (2) who measured the penetration of day1i:ght in Limski Kanal
(Fig. 7, curve II) and off Biševo Island (Fig. 7, curve I) arrived at similar
conclusions. However, the resu1ts of measurements of the forementioned author
differ at higher wave lengths from ours. In such measurements it is necessary
toOtake into the account the transparence of fi1ters and ~pectral characterictic
of the photocell. For this reason it seems to us that Golubic when interpreting
hi;; measurements with filter RG2, ascribed to the meas ured values to high
wave lengths.
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Fig. 7.
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Ahscisisa, wave length of 'light; ordinate, 'extinction coeffiaient. 1. Ocean water
of minimum ahsorption, 2. ocean water of medium apsorption, 3. ocean water
of maximum ab:s-orption, 4. inshore sea water of mlilnimum abs'orption, 5.
QiTIshoresea w3lter of medium absorpti-on, 6. inshore sea water of maximum
alb:sorption, A. Aidriatic sea warter from off Šolta Island, B. AJdriatk sea
water fmm the Bay of Kaštela, 1. AJdcriaticsea wa:ter from off Biševo Island,
(2) m. Aidriartic sea water from Limski Kanal (2).

A

The above comparisons show that the daylight is relatively well trans--
mitted in the waters of the Adriatic. Owing to di,fferent techniques Qf
measurements a,p;plied in the oourse of our investigations, a slight displacement
of curves may have occured, but, in our opinion, the ensuing differences were
hardly able toOchange the picture to an essential degree. It is important, howe-
ver, toOemphasize that .our measurements took ;place in August when the light
penetrates the sea water very inten:sively. It is interesting to nQte that the
curves belonging to both series of measurements (i.e. involving the waters of
the AtHmtic Ocean and Adriatic Sea) are .of the same shape and that the
absorption minima in boOth cases shift to greater wavelEmgths associated with
a decreasing transparence.

The vertical downward oompQnent .of illuminance on a dear sunny day,
measured in lux units, is given .only by the a1titude -of the sun - the quantita-
tiverati-o being c-omputed with a oonsiderable am-ount of accuracy (4) - fr.om
which we abtained the il1uminance on the surface of the sea. This in:itial
illu,min:ance i'1 the n u,sed f<;»; cali:brating our extinction cu,rVeS. There are
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di:ffieuities, however, to he .overoome regarciing the physi.o1ogiea1 unit for
illumin.anee, Le. lux. One usually byJPasses such diffieulties by ea1ibrating the
extinetion eurves measured by means .of light deteetor which has a spectral
sensitivity approaehing oo1our sensitivity of the human eye. In our case, it was
a e.ombination of a selenium photov.oltaic cellfu'1:d a glass filter VG8. The
vertieal downward eomponent .of illuminanee (Fig. 8) for the noontide, in
mid-August, by dear weather, is given in kilolux units with regard to depth.
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Fig. 8. Abscissa, water depth; ordina:te, iHuminance, eXipressed in kii1o1ux units. 1.
Off Šo1ta Island, '2. Bay of Kaštela. Seleni'Ulm photoV'oltaic ceH and colour
glass fii1ter VG8. August, 1955.
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TAiBLE 1.

-
average D (an)

Filters Kaštela Bay Oiovo Island Šolta Island

Sb-Qs Se Sb-Os Se Sb-Cs Se

BG 3 5.7 7.7 - - 19.7 21.0

BG 12 7.0 9.8 11.6 12.5 22.5 22.5

VG 8 9.7 110'.7 12.2 13.0 21.0 19.0
OG 5 6.2 5.2 9.6' 5.2 9.8 6.5

RG 2 - 1.7 - 8.3 - 2.4



8uivIMARY

The ahs.o~pti.on of daylight and the spectral transmittance of the Adriatic
Sea water at three different positions were measured. The results have been
compared with ty,pical ocean and shore waters. Furthermore, the applicability
of Sb-Gs and Ag-Q-Csphotocells, Se photoelement and glass and interference
filters f.or measurements of transmittance of the vertical oomponent of daylight
in the inshore waters of the Middle Adriatic region has been examined.
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NEKI REZULTATI FOTOELEKTRICKIH MJERENJA VERTIKALNE
KOMPONENTE DNEVNOG SVJETLA U JADRANSKOM MORU

E. Kan sky, L. Leo n ard i s i J. Š p a n

KRATAK SADRŽAJ

Pregledana je upotrebivost Sb-Cs i Ag-O-Cs fotocelija i Se fotoelementa te
obojenih staklenih i interferencijskih filtera za f.otoelektricna mjerenja osvjet-
ljencsti u moru.

Izmjerena je elkstinkcija svjetlosti i spektralna propustljivost jadranske
morske vode na tri raJZlicita mjesta u obalnom podrucju sredm.jeg Jadrana i
usporedena sa tiJpicnim priobalnim i oceanskim vodama.
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