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A NOTE ON SOME LABORATORY MEASUREMENTS
OF THE TRANSPARENCY OF SEA WATER

R. T. YOUNG JR:
Worcester P olytechnic I nsti tu te and Scripps Institution of Oceanography 1

Laboratory measurements of the absorption of light by sea water
have been reported for surface samples from a number of stations in
the Atlantic (1, 2, 3, 4) . The work of Clarke and James (4), which
includes results on 12 stations, both in and off shore for wave-lengths
3650-8000 A, is of particular interest. They find that for off-shore
waters the difference between the absorption of sea water and pure
water at all wave-lengths is due practically entirely to suspended
materials, termed "suspensoids," which can be filtered out. For
off-shore waters these suspensoids are non-selective with respect to
wave-length. For in-shore waters two agents are responsible for
absorption: suspensoids, responsible for the major part of the absorption, and a filter passing material. In this case both are selective in
their action on light. The effect of suspended materials in lakewaters had been previously investigated by Pietenpol (5) and by
James and Birge (6). Suspensoids (the term was coined by James and
Birge) were found to be the major factor involved in most of the
waters they studied. Filter passing material was also present which
was highly selective in its absorption of light. It is the purpose of this
note to describe some similar measurements on samples obtained
down to 60 meters depth in the Pacific Ocean.
The essential features of the absorption apparatus are shown in
Figure 32. A parallel beam of light (angular divergence 6') L, 1.2
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Figure 32.

1

1-----

Absorption Apparatus.
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cm in diameter, passed through a glass tube 2.5 cm in diameter a~d
1 meter long. The beam then passed through an aperture 0.8 cm m
diameter and was incident on an RCA 917 vacuum photocell, P . Two
identical tubes, A and B, were mounted rigidly in the parallel grooves
of an optical bench which was fastened to a flat steel plate, C. This
latter could be moved by means of a rack and pinion parallel to itself
across a 10" channel beam, D, so as to bring either of the t ubes into
the light beam. The ends of the tubes were ground perpendicular to
the axes of the tube:; to within 30" and glass flats were pressed against
the endi, by external collars. The glass to glass contacts between the
flats and the tubes were sealed with Etop-cock grease. Samples of
water in the tubes thus came in contact only with glass. The tubes
were filled and emptied t hrough side arms. After the tubes were in
adjmtment they produced no visible displacement of the light-beam,
and for identical samples of water t he recorded intensity of light for
either tube was the same. The light sour ce was a tungsten fil ament,
108 watt, 6 volt projection lamp. The photocell current was amplified
by a single stage amplifier using an RCA 954 pentode acorn tube in a
circuit described by Gabus and Pool (7) . The steady plate current
was balanced out and the full range of the galvanometer scale utilized
for differences in photocell current between the two tubes. With the
light intensity used the overall sensitivity was such that a one percent
change in intensity corresponded to a 1 cm deflection of t he galvanometer. The circuit was capable of much greater sensitivity but i;tability
becomes an increasing problem and for the purposes of this investigation the above sensitivity ii, suffi cient.
A Corning "Sextant Green" filter, F, with maximum transmission
at 5400 A wa1:, used throughout the course of the experiment, and all
the data refer to light of spectral distribution produced by this filter.
One tube was filled with twice distilled water from an all glass still.
During a period of two months no change in absorption was detected
in this sample, showing there wa~ no contamination from the tube.
The average of a large number of readings, corrected for reflection
losses, gave 84.3% for the transmission of one meter of pure water
relative to air. This value is in agreement with the results of J ames
and Birge (6) if one combines their transmission values at various
wave-lengths with the transmission values for the filter. (At 5400 A
James and Birge find a transmission of 97%; however the filter
passes sufficient light of longer wave-lengths, which are much more
strongly absorbed, to redu ce this value to that $tated above.)
All measurements on sea-water consisted of a comparison of the
transmission of a given sample with that of pure water by shifting the
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tubes back and forth, and the data are in terms of percent transmission
relative to pure water. Samples were obtained from the following
stations:
Station

L ocation: off-shore La Jolla Cove

A
B
C

12.7 miles
11.4
10.2

D
E
F

8.9
7.6
6 .4
5.0
3 .8
2 .5

G
H
I
J
K

1.3
0.1

At stations A and G samples were obtained every 10 meters down to
60 meters. At the other stations only surface samples were obtained.
All samples were stored in glass containers and were tested within 24
to 72 hours after collection. Samples from station A at all depths
and surface samples from C and H were pa:,sed through a Berkefeld
filter. All samples were well ahaken before being placed in the
absorption tube. Tests on both filtered and unfiltered samples from
station A at 10 meters and from station G, surface, every 24 hours
for 4 days showed no significant variation with time. It is estimated
that the data on relative transmii;sions are accurate to within 2%.
The results of the absorption measurements are shown by the
curves of Figure 33. The curve for station A (unfiltered), with its
0

10

..,

50

PERCENT TRAN5Mi5SI0N RELATIVE TO PURE WATER

,o

Bo

70

""

--

"--

STA . A

1

FILTE1 ED

VNFI TER£0

So

60

I\

V
'
I

I

Figure 33.

\

,o

so

\

1"'-

10

STA.

60

/00

I

sr, .G.
UN ILTE.RED

./

V
\
SUR 'i'ACc STA
VI

V
I

\

70

FIL/

J

<

Curves of Relative Transmission.

80

114

SEARS FOUNDATION

[V, 2

pronounced minimum is of the same form as many of the curves based
on transparency meter data taken in 1938 at many stations in the
same general region (8). The existence of a sharp minima in transmissivity seems to be a distingui shing characteristic of the water at
many stations. The curve for station G does not correspond to any
of the transparency meter curves. At station A the water was shading
towards the blue color characteristic of deep ocean waters; at G the
water waf green, characteristic of inshore waters. The curve for the
surface samples, though irregular, shows the water to be increasingly
turbid as we come towards shore, which is what we would expect.
The effect of filtering is shown by the filtered curve for station A.
With the exception of the surface sample1 filtering increases the relative transmis~ion of all samples up to 90 to 95% that of pure water,
whereas the unfiltered samples ranged from 50 to 80%. Two other
samples were also filtered; namely, the surface samples at stations C
and H. For these the relative transmission was increased from 65 to
91 % and from 53 to 96% respectively. It is of particular interest to
note that the sharp maximum of the unfiltered curve has completely
disappeared. It is evident that the main factor involved in the
absorption of light is material which is stopped by the filter. The
porosity of the filter used was such that the majority of particles greater
than one micron in diameter were stopped. The residual absorption
of the filtered sea water may arise either from suspensoids fine enough
to pass through the filter, or from dissolved material.
It may be of interest to report some subsidiary experiments made
during the course of this investigation, which give some information
concerning the nature of the suspended material. Tests were made on
water filtered through a standard mesh used in nets for collecting
plankton. These tests showed that any material taken out by the
net had little if any effect on the transparency of the water. The
relative transmission of the same samples when filtered through the
Berkefeld filter was raised from 28 to 88%. Therefore one cannot
ascribe the tram,parency characteristics of sea water to plankton or
plankton debris which are removed by a plankton net. This is in
line with results obtained with the transparency meter (8), and by
others (9, 10), which have shown it is impoi:sible to correlate tramparencies with plankton densities.
Another experiment was to allow a column of sea water 35 cm high
to i;.tand undisturbed for three days. Measurements were then made
on the transmission of the upper and of the lower half. The upper
1 The result for this sample is so much out of line with the rest of the data that
it is felt that this particular sample became contaminated in some way.
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half was only 1 % more transparent than the lower. The transmii,sions of thei;e samples were 68 and 67% that of pure water. Hence
there is no appreciable settling of the material responsible for the
turbidity of the water. Thus suspensoids can exist in fairly definite
layers and produce Eharp minima of transparency rnch as observed at
i;tation A.
The author wishes to express his appreciation to Dr. H. U. Sverdrup
for the opportunity to carry on this investigation at the Scripps
Institution of Oceanography.
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