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Pigment contaminants in polycarbonate filters
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ABSTRACT: Membrane filters are often used to size fraction-
ate phytoplankton when measuring biomass-specific produc-
tion. Polycarbonate filters are reputed to have the lowest
extractables for membranes used for environmental analysis,
however, we show that Nuclepore® polycarbonate filters con-
tain a dye that co-extracts with algal pigments into methanol.
The contaminating dye has characteristics similiar to those of
pigments extracted from mixed populations of naturally
occurring phytoplankton when measured spectrophotometri-
cally. The dye can, however, be separated from the chloro-
phylls using high performance liquid chromatography. In
addition, the dye does not fluoresce and hence does not inter-
fere with fluorometric analysis of chlorophyll a. The purpose
of this note is to alert investigators to the presence of the con-
taminating pigment in Nuclepore® polycarbonate filters
which can be mistaken for algal pigments. Other brands, such
as Poretics®, do not contain the contaminant and could be
used as an alternative.
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Studies of algal biomass and productivity rely on the
use of membrane and glass-fibre filters (Joint & Pom-
roy 1983, Furnas et al. 1990, Williams & Claustre 1991).
Membrane filters are used as sieves to fractionate algal
groups according to their size. Although glass-fibre fil-
ters are the most commonly used type, membrane fil-
ters provide additional information about the size com-
position of the phytoplankton population. Filters are
extracted into a suitable solvent and analysed using
spectrophotometric, fluorometric and high perfor-
mance liquid chromatography (HPLC) techniques.

In the course of our studies we have found a dye in
the Nuclepore® polycarbonate filters that co-extracts
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with the naturally occurring pigments and could be
confused with them. We compared the spectrophoto-
metric, HPLC and fluorometric characteristics of the
solvent extracts of polycarbonate filters containing
natural phytoplankton populations collected in the
Gulf of Carpentaria, Australia, and a laboratory culture
of microalgae.

Methods. Water samples were collected in Albatross
Bay, Gulf of Carpentaria, Australia, using 5 1 Niskin
bottles. Subsamples of 350 ml were filtered under
vacuum onto 47 mm diameter polycarbonate and
glass-fibre filters. Three pore sizes were used to sepa-
rate the main size classes of phytoplankton, i.e. 10, 2
and 0.6 pm. Two brands of polycarbonate filter were
used: Nuclepore® and Poretics®. These were compared
with 1 brand of glass-fibre filter, Whatman® GF/F, with
a nominal pore size of 0.7 um. Five replicates were fil-
tered onto each type of filter. Filters were snap-frozen
in dry ice and stored at -40°C.

In order to determine the ratio of the filter contami-
nant to chlorophyll a when different quantities of
phytoplankton are filtered, a laboratory culture of the
green flagellate Tetraselmis suecica (400 um?) was fil-
tered onto 0.6 um Nuclepore® and Poretics® polycar-
bonate filters, and Whatman® glass-fibre filters. Three
volumes were used: 1, 5 and 10 ml with a cell concen-
tration of 10° ml~'. Two replicates were filtered onto
each type of filter; the replicates were then frozen at
—40°C prior to analysis.

In the laboratory the filters were shredded with scis-
sors in 5 ml of cold methanol and were ultrasonicated
using a cell-disruptor microtip (Branson®) for 1 min in
the dark. Each sample was then filtered through a
0.22 pm nylon membrane filter (Kosmidere Medical
Pty, Ltd, Victoria, Australia). Filters without algae
(blank controls) were also extracted using this proce-
dure. Immediately after the pigments were extracted,
the samples were scanned in a double beam UV-Vis
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spectrophotometer (Hitachi® U-2000) between the 400
and 750 nm wavelengths at 400 nm min~!. Glass
cuvettes with a 1 cm path length were used. Samples
extracted in methanol and acetone were also scanned
using a spectrofluorometer (Hitachi® F-2000) at the
chlorophyll a maxima; excitation 417 nm, emission
669 nm.

Pigment extracts were injected into an HPLC system
(Millipore Waters® models M45 and 501 pumps). The
solvent system was based on the method used by
Gieskes & Kraay (1983) and used a 2 solvent gradient:
(A) 30 % water in methanol and (B} 20% ethyl acetate
in methanol. These solvents were pumped in a linear
gradient from 20 to 100 % of solvent B in 30 min, fol-
lowed by 15 min in 100 % solvent B. The solvents were
run through a 3.9 x 150 mm RP-C18 column (Novapak,
Millipore Waters®) at 1 ml min~?!, programmed with a
System Controller (Waters® Model 720} and detected
at 436 nm (Waters® model 440). Peaks were automati-
cally intregrated with a Hewlett Packard® 3394A
integrator.

To identify peaks, eluted fractions were evaporated
and redissolved in ethanol. An absorption spectrum
was then obtained with a spectrophotometer (Hitachi®
U-2000). The spectra and HPLC retention times of the
pigment extracts were compared with pigments iso-
lated from laboratory cultures of Phaeodactylum tri-
cornutum (Bacillariophyceae), Dunaliella tertiolecta
(Chlorophyceae), Amphidinium carterae (Dinophy-
ceae), Chroomonas salina (Cryptophyceae), Phaeo-
cystis pouchetii (Prymnesiophyceae) and Oscillatoria
sp. (Cyanobacteria). The carotenoid pigments were
also compared with published wavelength maxima of
absorption spectra (Rowan 1989).

Results. Spectra of the Nuclepore® polycarbonate fil-
ter extracts, in the absence of phytoplankton, showed
broad peaks at 400 and 650 nm (Fig. 1A) in the same
region of maximum absorbance for carotenoid and
chlorophyll pigments (Rowan 1989). The absorbance of
Poretics® polycarbonate filter extracts in the 400 nm to
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Fig. 1 Absorbance spectra for (A) Nuclepore® and (B) Pore-
tics” polycarbonate filters, and (C) Whatman® glass-fibre
filters, extracted in methanol in the absence of phytoplankton
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Fig. 2. Absorbance spectra for replicate phytoplankton sam-

ples filtered onto (A) Nuclepore® and (B) Poretics® polycar-

bonate filters, and (C) Whatman® glass-fibre filters, and then
extracted in methanol

750 nm range was considerably lower (Fig. 1B).
Extracts of Whatman® glass-fibre filters had an
absorbance no greater than 0.001 (Fig. 1Cj. Extracts of
Nuclepore® polycarbonate filters, containing phyto-
plankton cells, also showed considerably higher
chlorophyll a (665 nm) and carotenoid (420 to 480 nm)
absorbance than Poretics® and Whatman® extracts
(Fig. 2). Thus the contaminant could not be distin-
guished from chlorophyll a when chlorophyll a was
measured using wavelengths of 665 nm and 750 nm,
unless it was compared with an extracted blank filter.

The chlorophyll a that was measured from spectral
readings of phytoplankton extracted on the 3 filter
brands were compared (Table 1). Three pore sizes (0.6,
2 and 10 pm) of polycarbonate filters were used. GF/F
glass-fibre filters have a nominal retention size of
0.7 um and were, therefore, only compared with
0.6 um polycarbonate filters. The contaminating dye in
Nuclepore® polycarbonate filter extracts of phyto-
plankton resulted in a consistent 20 to 30 % increase in
the measurements of chlorophyll a, irrespective of the
pore size, when compared to Poretics® and Whatman®
filter extracts.

Table 1. Mean and standard error of chlorophyll @ concentra-
tions (ug 17!) in methanol extracts of natural phytoplankton
filtered onto Nuclepore® polycarbonate, Poretics® polycar-
bonate and Whatman® GE/F glass-fibre filters. Three pore
sizes, 0.6, 2 and 10 um, of the polycarbonate filters were used.
Phytoplankton samples (350 ml) were collected from 20 m 1n
Albatross Bay, Gulf of Carpentaria, Australia (n = 5)

Pore size  Nuclepore® Poretics®  Whatman® GF/F
(wm)
4.6 1.53 (0.08} 1.24 (0.05) 1.12(0.11)
2.0 1.18 (0.05) 1.00 (0.10)
10.0 1.00 (0.08) 0.76 (0.05)
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Table 2. Absorbance (665 nm) of Tetraselmis suecica cells col-
lected on filters and extracted in methanol. Three brands of
filter were used: Nuclepore® polycarbonate (0.6 pm), Pore-
tics¥ polycarbonate (0.6 pum) and Whatman® GF/F glass-fibre
filters. Three different cell numbers were filtered (n = 2)

No. of cells Nuclepore® Poretics® Whatman® GF/F

filtered (x 10%)

0 0.003 0.000 0.000
1 0.015 0.010 0.010
5 0.047 0.056 0.053
10 0.102 0.103 0.104

The effect of the contaminant on chlorophyll a
measurements is more pronounced when the amount
of phytoplankton pigment on a filter is low. The
absorbance maxima (665 nm) of 3 quantities (1 x 10°,
5 x 10% and 107 cells) of a Tetraselmis suecica culture
filtered onto polycarbonate and glass-fibre filters were
compared with blank filters (Table 2). The absorbance
value of Nuclepore®, in the absence of algae, was
0.003, compared with 0.000 for Poretics® and What-
man®. At low algal quantities, 1 x 10° cells, the inter-
ference of the contaminant was obvious; however, at
higher concentrations, i.e. 5 x 10% and 107 cells, there is
no apparent difference between the type of filters
used. This is because the percentage of the contami-
nating dye decreases as more chlorophyll is collected.
At approximately 0.05 Abs, the absorbance due to the
dye is so small, as a percentage of the total amount of
chlorophyll, no differences are seen between the filter
types used.

HPLC chromatograms of the Nuclepore® filter
extracts, without phytoplankton, had a discrete peak
(Peak 6, Fig. 3A) which was not present in Poretics®
polycarbonate filter extracts (Fig. 3B). This peak occurs
in the same region as chlorophyll-related pigments
(Peaks 4, 5) in phytoplankton samples; however, it
does not interfere directly with them (Fig. 3C).

Nuclepore® and Poretics® polycarbonate filters ex-
tracted in either acetone or methanol did not fluoresce.
They do not, therefore, interfere with the fluorometric
analysis of chlorophyll a.

Discussion. It is imperative that researchers inter-
ested in phytoplankton pigments are aware of the
presence of this contaminant which is extracted from
Nuclepore® polycarbonate filters into methanol, be-
cause it renders these filters unsuitable for spectro-
photometric analysis. This is particularly important in
studies of phytoplankton collected from waters where
pigment concentrations are low. It is not always pos-
sible to reduce the effect of the contaminant by
increasing the amount of phytoplankton filtered,
since membrane filters are easily overloaded and
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Fig. 3. High performance liquid chromatographs of methanol
extracts of (A) Nuclepore® polycarbonate filter, (B) Poretics®
polycarbonate filter, and (C) phytoplankton collected on
Nuclepore® polycarbonate filters. Peak identifications: (1) sol-
vent front; (2 & 3) chlorophyllide a-related; {4) chlorophyll ¢-
related; (5) chlorophyll-related; (6) Nuclepore® contaminant;
(7) fucoxanthin; (8) diadinoxanthin; (9) diatoxanthin; (10) lu-
tein/zeaxanthin; (11, 12 & 13) chlorophyll a; (14) carotenes

nominal pore sizes become altered precluding size
class separation.

Our results suggest that when chlorophyll a concen-
trations are approximately 1 ug 17! or less (10° to
10° cells 171), the dye will interfere with spectrophoto-
metric analysis. These concentrations are commonly
found in oligotrophic waters. This problem will be par-
ticularly pronounced when the sample contains a high
proportion of particulates since the membrane filters
will become clogged more rapidly and the volume fil-
tered will be reduced.

In contrast, the use of HPLC separates chlorophylls
and carotenoids from the Nuclepore® contaminant. In
recent years, HPLC has become a commonly used
technique for providing information about the commu-
nity composition of the phytoplankton (Gieskes et al.
1988, Colijn et al. 1990, Everitt et al. 1990). The use of
acetone for extraction is not an alternative because it
partially dissolves the Nuclepore® polycarbonate fil-
ters. A colloid that cannot be removed by filtration or
centrifugation results.
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Fluorometric analysis is another common procedure
for determining chlorophyll a (Strickland & Parsons
1972). In addition, spectrofluorometers are often used
as detectors for HPLC analysis of chlorophylls (Bidi-
gare et al. 1985). The dye present in Nuclepore® poly-
carbonate filters does not fluoresce and therefore will
not interfere with this method.

Poretics® polycarbonate filters do not appear to con-
tain this contaminant, however the disadvantage of
Poretics® polycarbonate filters is that the efficiency of
their particle retention is less than that of Nuclepore®.
This is due to the presence of large holes or pores,
some of which are 5 times larger than the nominal pore
size (Stockner et al. 1990). Nuclepore® polyester mem-
brane filters are stable in organic solvents and have
been used successfully by others for phytoplankton
pigment analysis (Ondrusek et al. 1991). A range of
pore sizes are available that could be used for size class
studies of phytoplankton.
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