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MICROFILTRATION IN OCEANOGRAPHIC RESEARCH
I.

MARINE SAMPLING WITH THE MOLECULAR FILTER 1

BY
EDWARD D. GOLDBERG, MARJORIE BAKER,
AND DENIS L. FOX
Scripps Institution of Oceanography, University of California
La J oUa, California

ABSTRACT
Molecular filters, composed of cellulose acetate and nitrate membranes, may be
used for the quantitative estimation of microplankton populations, for the determination of suspended organic and inorganic matter in natural waters, and in studies of
photosynthetic productivity by phytoplankton cells in collected samples. Organisms
retained by microfiltration are fixed, dehydrated, stained, estimated microscopically
as to size and numbers, and preserved, all in situ, on each filter disc. Inorganic
materials recovered on the membranes may be determined by microchemical analyses
and by ashing. Photosynthetic productivity is measured in collected water samples
by (1) addition thereto of dilute NaHC 140a, (2) exposure of the system for an interval
to light, (3) subsequent quantitative collection of the organisms upon a filter disc,
and (4) radioassay of the C 14 fixed by the plant cells. Microplankton and other
suspended materials are inhomogeneously distributed in marine waters. Larger
samples or integrative collecting devices are indicated for clarifying the true picture
of the dispersed suspensions.

Natural waters contain two general classes of nongaseous suspended
matter: (I) Organisms of the hydrosphere and their degradation
products, and (2) solid particulate matter resulting from inorganic
precipitation processes or from rock erosion. The quantitative separation of these suspended phases from their aqueous environment is of
paramount importance in earth science and in certain biochemical
investigations. Somewhat over 80% of the organic material produced
by photosynthesis occurs in the oceans (Riley, 1944). The relative
importance of the various categories of micro-organisms responsible
for this production is yet undetermined. Studies of the biological
standing crop in water masses have suffered from the fact that adequate
samples for microscopic examination have not included all of the smaller
organisms, since much of the nannoplankton readily passes through
the sampling nets.
For similar reasons investigations on the physico-chemical processes
of precipitation and resolution of solid phases, as well as the transport
1
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of suspensions, have been hindered in their development. From both
a biological and a hydrographical viewpoint, the concentration and
character of particulate matter is interlinked with the chemical and
physical properties of water masses.
The development of the molecular filter (hereafter referred to as MF)
by Goetz, et al. (Goetz and Tsuneishi, 1951) has given impetus to a
more intimate study of the particulate constituents of natural waters.
These filter membranes are composed of incompletely cross-linked high
polymer molecules of partially substituted cellulose acetate and cellulose nitrate. The MF has a uniform pore size whereby screening
action retains all particles above a given size. Although the filters
can be made with an effective pore size ranging from 1 to 5000 mµ,
those used in the following investigation retained all particles greater
than approximately 0.5 µ (type HA, available from the Lovell Chemical Company, Watertown, Mass.) . Another characteristic of the MF
is the anisomorphism of the structure perpendicular to the membrane
surface. The upper surface of the filter where the water enters has
the uniformly graded small pore size, whereas the body of the filter
which acts as a support for the upper portion is much more porous.
Hence the filterable material is adsorptively and mechanically retained
in the top surface, i. e. the MF acts chiefly as a two-dimensional screen
in contrast to paper filters which accumulate material in the pores.
The HA type MF discs are 50 mm in diameter. The material may be
rendered transparent with a liquid of similar refractive index (1.49).
The flow rates of sea water through the MF are more rapid in comparison with the finest grades of paper filters or adsorptive powders.
Depending upon the amount and type of particulate matter, one liter
will pass through the HA membrane in from 5 to 30 minutes. A filter
for use with the MF is shown in Fig. 1.

Standing Crop and Productivity M easurements with the MF. A description of the distribution and photosynthetic activity of marine
plankton in an area depends upon adequate sampling and quantitative
assay. The first problem can not be dealt with until a satisfactory
solution of the second problem is at hand. The analysis of plant
populations has normally been accomplished by either " chlorphyll"
measurements or visual counting of cells concentrated by either gravitational or centrifugational settling. Neither method is completely
satisfactory, since the micro-organisms responsible for the pigment
production are not thus differentiated, nor is there achieved complete
recovery of the plankton cells from the water and from the walls of
the glass or other hydrophilic vessels.
A filtering technique that utilizes the MF largely disposes of these
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Figure 1. A filter apparatus constructed for use with the Molecular Filters. The unit
may be fabricated from stainless steel or from plastics. The upper and lower unit are held
together by means of distributor clips. The MF serves as a gasket to prevent water leakage
from the apparatus.
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difficulties. One or two liter samples of marine water, collected preferably in a hydrophobic plastic bottle, can be passed through the MF;
thus all of the organisms with a maximum dimension larger than 0.5 µ,
as well as many smaller bodies, are retained by adsorption on the upper
surface. With subsequent fixing, staining, and preservation, this defined plankton population can readily be assayed both for type and
volume of organisms. Many phytoplankton cells, when stained with
Fast Green, suffer few if any morphological changes and may be readily
recognized.
The technique can be readily used in field operations. About three
hours are required to prepare a single sample, but this time can be
reduced by simultaneous preparation of many collected samples if
more than one filtering apparatus is available.
Sample Preparation.
1. To a freshly collected liter of sea water add 40 ml of a saturated
solution of KL to kill and fix the organisms.
2. After the fixed solution has stood for one hour pass it through an
MF. Replace the excess iodine fixative and the sea water retained on
the filter disc with distilled water by serial washes with graduated dilutions; draw ten ml of 5, 10, 25, 50, 75, 90 and 100% dilutions with
distilled water through the MF under vacuum.
3. Add 20 ml of a Fast Green dye solution (Johansen, 1940: 59)
and leave in contact with the membrane for 30 minutes.
4. Draw the dye solution through the filter apparatus and pass distilled water through the membrane until the unadsorbed dye is
thoroughly removed.
5. Dehydrate the organisms with a graded series of solutions of
ethanol in distilled water; pass each of the washes of the series-5, 10,
25, 50, 75, 90 and 100% alcohol by volume-through as rapidly as
possible to minimize dissolution of the membrane by the alcohol.
Optional use may be made of higher alcohols, such as propanol or
butanol, which are somewhat less destructive.
6. Render the water-free membrane transparent with cedar oil by
drawing through it serial dilutions of 10, 25, and 50% cedar oil in
alcohol, and finally 100% cedar oil. When the pure cedar oil has been
drawn through, remove the cleared membrane from the filter, halve,
and mount in balsam on a microscope slide.
7. For preservation, a small crystal of thymol may be dissolved in
100 ml of the cedar oil or balsam.
In order to remove any contaminating particles, all reagents and
rinsing fluids are initially passed through an MF. These solutions are
kept in covered containers to protect them from recontamination by
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air-borne dust particles. Indigo-carmine picrate has been employed
alternatively as the dye, although the organisms are not so stri~ngly
stained with this as with Fast Green. Karo syrup can be substituted
for the alcohol and cedar oil in the dehydration and clearing processes.
Serial dilutions of the sugar solution in water passed through the MF,
as in step 5 above, produces a cleared membrane suitable for mounting.
TABLE I.
Size range of
organisms
(Average radius)

SIZE DISTRIBUTION OF P LANKTON AS MEASURED ON A MF
Volume

Number of organisms
Sample A Sample B

µ.3

Sample A

Sample B

µ.

2,476
834
42,895
27,078
95,007
80,529
107,238
94,370
87,969
121,481
86,863
72,368
10
343,160
257,370
15
24,430
122,151
5
167,560
100,536
5
521,181
405,363
7
229,376
65,536
2
536,192
2
426,270
1
926,540
2
1,098,121
1
2,171,425
TOTAL
3,908,469
Both surveys made on 28 March 1952. Samples 500 ml in volume. 50 microscopic fields studied out of 256 fields of filtered area.
1
4
6
8
10
12
16
18
20
24
32
40
48
64

199
101
89
44
29

491
160
105
50
21
12
20
1
3
9
7

Quantitative estimates can be made of the total volume of plankton
contained upon an MF by ascertaining the total number of organisms
and their respective average radii in a representative number of fields
of the microscope. By assuming that the individual cells are approximate spheroids, the volume of the stained organic matter is determined.
Where long chains of diatoms or plankton of known asymmetric shape
are encountered, their volume may be calculated mathematically.
Table I depicts a typical distribution of plankton with respect to size.
The static picture of the standing crop represents but a transitory
condition in a dynamic process. The production of organic matter
by a given standing crop has been investigated by the measurement of
photosynthetic oxygen in a collected sample of sea water, or by the
more recently developed method of the fixation of radioactive carbon
dioxide (Nielsen, 1951). In waters where the planktonic populations
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are low or where but little growth is encountered, the oxygen method
is not satisfactory, whereas the newer technique is much more sensitive
to the photosynthetic fixation of very small amounts of carbon dioxide.
In the radioassay of productivity, add a one ml aliquot containing
one microcurie of radioactive carbon 2 as dissolved N aHC140 3 to a
freshly drawn liter sample of sea water. The total inorganic carbon
content of the water is determined chemically and is directly proporTABLE II.

CARBON DIOXIDE FIXATION BY STANDING CROP OF 28 MARCH 1952

Net counts/minute
of filtered pl.ankton

Per cent of CO2 of water
removed by plankton/day

Micro-equivalents CO 2
of sea water removed by
pl.ankton/day

0.85
Sample 1 304. 5
16
0 . 90
Sample 2 323 . 5
17
One liter samples taken. 1.91 milli-equivalents CO2/L of water of chlorinity
18.32. Specific activity of C 14 initially added = 36,000 counts/min/L.

tional to the initial activity of the radioactive carbon, since the
quantity of carbonate introduced with the active tracer is negligible
in relation to the amounts of carbonate normally present in sea water.
After photosynthesis by the resident organisms has proceeded for a
determined time under conditions comparable to those of the marine
environment, the entire sample is collected on an MF. The filter is
washed with inactive sea water, dehydrated in a desiccator, and
assayed radiometrically for the carbon taken up by the organisms
(Table II).
The organisms are retained on the top of the membrane, not penetrating into the lower portion, and hence any absorption by the filter
disc of the weak beta rays emitted by the fixed radioactive carbon is
minimized. Further, the complete retention of all plankton above a
size of 0.5 µ gives a measure of productivity usable in the quantitative
equations of Riley, Stommel, and Bumpus (1949).
Estimation and Characterization of the Inorganic and Organic Suspended Matter. The suspended material of marine waters has been
investigated with regard to the over-all inorganic chemical composition
(Armstrong and Atkins, 1950) by routine chemical analyses of the sediment collected from an average of 22 liters of sea water. Jerlov (1951)
has studied the distribution of suspended particles in the sea by the
intensity of light scattered from a Tyndall beam. Fox, Isaacs and
Corcoran (1952) have determined the organic carbon and organic
2 The radioactive C 14 used in this investigation was supplied by the Oak Ridge
National Laboratory on allocation from the Isotopes Division, U. S. Atomic Energy
Commission.
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nitrogen in marine leptopel by wet combustion of the material retained
on inert inorganic powder. Krey (1949, cited by Jerlov), by fractional
filtration, has subjected the collected particles to microscopic analysis;
he also studied the chemical constitution of the suspended organic
matter. However, none of these methods can give size distributions
and chemical constitution on the same sample.
The MF has been used to advantage in the study of the size distribution of particles containing suspended iron in coastal marine waters.
Recent studies on the growth of marine diatoms have indicated that
particulate or colloidal iron is utilized as a growth nutrient (Harvey,
1935; Goldberg, 1952) and may actually be a limiting factor in their
multiplication. Thus, a semiquantitative technique has been developed to ascertain the number and size of particles containing iron in a
water sample. It should be emphasized that the chemical combination
of the iron has not actually been determined. In all probability it
occurs chiefly as hydrous ferric oxides.
Sample Preparation.
1. One or two liters of sea water are passed through the MF. The
collected residue and the MF are washed with distilled water to remove
any salts which would otherwise inhibit the clearing of the membrane.
2. The MF is dehydrated in a desiccator or dried in an oven for 5
minutes at 100° C.
3. The membrane is placed on a microscopic slide and covered with
a few drops of "Tween 80" (polyoxythylene sorbitan monooleate,
available from Atlas Powder Company, Wilmington, Delaware) which
has been saturated with potassium thiocyanate and acidulated with
hydrochloric acid (3 drops concentrated HCl per 100 ml of "Tween
80").
The "Tween 80" has an index of refraction close enough to that of
the MF to clear the filters and render visible the deep red zones of iron
thiocyanate complex which form about the iron particles. A typical
distribution of iron particles in water taken from the pier of the
Scripps Institution of Oceanography is shown in Fig. 2. A filter
apparatus constructed completely of plastic, similar in design to that
shown in Fig. 1, is utilized in these analyses.
The dried weight at 110° C and the ash weight of the sediment
collected upon an MF from a given volume of sea water and subsequently washed free of soluble salts with distilled water can be used to
define semiquantitatively the amount of inorganic and organic fractions. The MF is ashless and has a weight of about 95 mg reproducible
to ± 0.2 mg after repeated washings and dryings at 100° C.
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Figure 2. The size distribution of suspended particles, giving a positive thiocyanate test
for iron in surface water collected six miles west of La Jolla, California.

Two inshore surface samples of one liter volume showed 1.9 and
6.2 mg of total dry weight and 1.3 and 4.4 mg of ash weight respectively. By difference the "organic content" would be 0.6 and 1.8 mg.
A profile of suspended matter in the open ocean is given in Table III.
Discussion. The quantitative assay of both planktonic populations
and suspended sediments has demonstrated that improvement in
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sampling techniques is necessary for precision in the results. This is
manifest in the volumetric analysis of plankton in Table I , where one
large organism of diameter 64 µ. accounts for one fourth of the volume
estim'a ted for a 500 ml sample. Duplicate assays of the same water
sample differed by a factor of two. In other size distribution studies
TABLE

III.

THE DISTRIBUTION OF I NORGANIC SUSPENDED MATTER

Depth

Ash Weight at 400° C

(m)

(mg)

Sample B
2.7
7.7
10
1. 3
25
0.4
50
0 .2
75
0 .2
100
1.0
150
7.3
200
0 .5
300
3 .8
400
0 .7
500
0.8
600
1.6
4.i
800
2 .2
1. 3
1000
0 .5
1200
1.6
Samples were 1.2 liters. Sample A collected 28 February 1952 at 1630. Sample B
collected 29 February 1952 at 0700. Collections made in San Clemente Deep off
San Diego, California.
0

Sample A
1.2
2.1
1.2
1. 3
0 .0
1.6
6.0
1.0
2.4
0.8
1.0

of plankton, two similtaneously collected samples were often a whole
order of magnitude apart. Comparison between pairs of samples
subjected to the radiometric determination of carbon uptake show the
same kind of deviation but to a less extent. The distribution of suspended sediment, as illustrated in Table III, exhibits considerable
scatter.
These results emphasize the discontinuous arrays of suspended solid
phases within natural waters. Thus, the amount of substance collected over a short time interval from a unique location will not
necessarily represent conditions in the water region ; rather, they may
reflect the layering of the water masses or the turbulence of the area.
To overcome these difficulties, two lines of approach, not mutually
exclusive, are indicated. To secure more valid data for statistical
representation of a given water mass would require the processing of
voluminous samples from a considerable number of strata. Such a
comprehensive survey would manifestly require much time and labor.
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The collection of a sample integrated over time and space in a given
locality is preferable where time is limited. A simple water sampler
for volumes of one or two liters may be readily constructed by the use
of a capillary bleeder. In the opening of the collection device two
glass tubes may be held in place by a cork: one tube of large diameter
for water inflow and a second tube of drawn capillary tubing for air
release. By controlling the size of the capillary, filling times can be
rigidly controlled.
Acknowledgment. The authors wish to acknowledge the generous
donation of experimental molecular filters from Dr. Alexander Goetz
of the California Institute of Technology during the initial stages of
this investigation. James S. Kittridge aided in collection of the
samples at sea.
Summary. 1. The standing crop of marine phytoplankton populations can be quantitatively estimated for all organisms larger than
0.5 µ by a filtering technique that utilizes the molecular filter, a
cellulose acetate and nitrate membrane. The organisms are collected,
fixed , dehydrated, stained, estimated as to size and number and
preserved on one of these filter discs.
2. The molecular filter can be used in the quantitative assay of suspended organic and inorganic matter of natural waters.
3. The size distribution of suspended iron particles was studied by
applying microchemical analyses to material collected on the molecular
filter.
4. The suspended matter in marine waters was found to be inhomogeneously distributed. It is proposed that larger samples or integrating collecting devices be utilized to obtain the true picture of the
dispersed suspensions.
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