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ABSTRACT: A new digestion technique is presented for
simultaneous analysis of particulate organic nitrogen (PON)
and particulate organic phosphorus (POP) collected on filters.
This method is based on a standard persulfate digestion pro-
cedure at 120°C and adapted from a former method for the
simultaneous determination of total nitrogen and total phos-
phorus in natural waters. Comparisons with usual methods
using separate determinations for PON and POP indicate a
high efficiency of the procedure for cell cultures or natural
seawater samples. Nitrate and phosphate formed by oxida-
tion can be analysed simultaneously on an automated system.
The procedure is highly suitable for routine analysis and
especially appropriate for shipboard use.
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Particulate organic nitrogen (PON) and particulate
organic phosphorus (POP) collected on filters are nor-
mally still determined by separate procedures for each
element. PON is conventionally determined by dry
combustion followed by N, analysis on a CHN
analyser, but the feasibility of using an efficient wet-
oxidation procedure was recently pointed out (Raim-
bault & Slawyk 1991). On the other hand, particulate
phosphorus is currently determined with the wet-oxi-
dation method of Menzel & Corwin (1967). Up until
now, there has been no procedure allowing the simul-
taneous determination of particulate nitrogen and
phosphorus collected on the same filter. However, sev-
eral new techniques have been developed for simulta-
neous analysis of total organic nitrogen and phospho-
rus, including dissolved (DON, DOP) and particulate
fractions (PON, POP), in natural waters (Valderrama
1981, Langner & Hendrix 1982, Ebina et al. 1983, Ko-
roleff 1983, Hosumi & Sudo 1986, Johnes & Heathwaite
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1992). The main problem with simultaneous determi-
nation of PON and POP is that nitrogen oxidation re-
quires an alkaline medium while phosphorus analysis
requires acidified samples. Valderrama (1981) and
Johnes & Heathwaite (1992) resolved this problem by
using a variable pH reagent. Their initially basic oxida-
tive medium became acidic during the oxidation, by
decomposition of persulfate to sulphuric acid at high
temperature. These conditions can be obtained by in-
creasing the quantity of persulfate (Johnes & Heath-
waite 1992) or by adding boric acid (Valderrama 1981).
Nevertheless, none of these authors tested this diges-
tion procedure for the particulate fraction collected on
filters. Based on Valderrama's (1981) method and on
the previous results obtained for PON by Raimbault &
Slawyk (1991), this note presents a procedure for si-
multaneous analysis of PON and POP collected on the
same filter. The method exhibits very good reliability
and precision in comparison with former procedures.

Two examples of application are presented here.
(1) The procedure was applied to describing the verti-
cal distribution of PON and POP and the PON/POP
ratio in the Tropical Atlantic Ocean. (2) The technique
was applied to following PON and POP accumulation
In various phytoplankton cultures growing on nitrate
and phosphate.

Material and methods. PON and POP from phyto-
plankton cultures or natural seawater were collected
by filtration on precombusted (450 °C for 4 h) Whatman
GF/F glass fibre filters (25 mm diam.). Filters were ini-
tially rinsed in HCI (10 %) and cleaned with deionized
water (DIW) just before filtration. This previous clean-
ing allowed reduced filter blanks. Samples of 150 to
250 ml were filtered for the oxidation method, while
1 to 2 1 were required for the dry combustion method.
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If analyses were not done immediately, filters were
either dried at 60°C for 24 h and stored in a dessicator
or deep-frozen until analysis.

Reagent: The oxidising reagent was prepared using
the following procedure: 15 g of potassium persulfate
(Merck 5092) and 7.5 g of boric acid (Merck 165) were
dissolved with 70 ml of 1.5 M (60 g 17!} sodium hydrox-
ide (Merck 6498) and made up to 250 ml. The DIW
used for the preparation of this oxidation mixture was
Milli-Q water (resistivity 18.2 mQ). The oxidative
reagent was stored in brown bottles at room tempera-
ture and protected from direct light. It was prepared
fresh daily to be sure of maximum efficiency.

Procedure: Digestions were carried out in 30 ml
Teflon bottles with screw caps. Traces of organic mat-
ter from the bottles were completely removed by
washing them with HCI solution (10 %} and submitting
them to a preliminary digestion (without sample).
Twenty millilitres of DIW and 2.5 ml of reagent were
dispensed into the Teflon bottles. The initial pH of the
mixture was basic (pH = 11.2 to 11.5). The GF/F filters
retaining the particulate matter were placed in the bot-
tles which were then tightly capped and autoclaved at
120°C for 30 min. After oxidation, the pH of the assay
mixture decreased and became acid, pH = ca 1.7 to
2.3.

After cooling to room temperature, nitrate (NO;) and
phosphate (PO,) concentrations were determined in
the digested sample using an automated colorimetric
technique on a Technicon Auto Analyser (Tréguer & Le
Corre 1975). A blank was made in replicate with each
batch of samples.

To determine the blank, the same volume of oxida-
tion reagent used to analyse the samples was added to
20 ml DIW containing a precombusted and rinsed fil-
ter. The filters used for the blanks were previously
placed on the filtration system in order to reproduce
the same experimental conditions as those of the sam-
ples. Total blank (digestion reagent + DIW + filter)
gave a NO; + NO, concentration of 0.81 + 0.16 uM and
a PO, concentration of 0.258 + 0.037 uM (n = 17). The
reagent blank, obtained by oxidising 2.5 ml reagent,
was 0.34 £ 0.02 uM (n = 17) and 0.018 + 0.006 uM (n =
18) for N and P respectively. In fact, the contribution of
the filter to the total blank was very low: about
0.01 umol P per filter.

The acid pH of the assay mixture after digestion did
not interfere with the PO, analysis. However, a neu-
tralisation of pH is required for the nitrate analysis.
The reduction of nitrate to nitrite by a Cd-Cu column is
efficient only at pH 8. Preliminary tests showed that
the conventional Technicon manifold for NO; + NO,
determination (Strickland & Parsons 1972, Tréguer &
Le Corre 1975) can be modified slightly to permit
a buffer (NH,Cl, 150 g 1!, pH = 8.5) to be added to
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Fig. 1. Comparison between the new procedure and {a) Men-
zel & Corwin (1967) oxidation for POP; (b) the dry-combustion
method (CHN) for PON determination on natural (e®) and
culture samples (+, Synechococcus sp.; 0, Phaeodactylum tri-
cornutum; a, Dunaliella tertiolecta; o, Tetraselmis maculata).
Natural samples were from a coastal zone and an open ocean
zone (Tropical Atlantic). Dashed lines are the least-square
regression fit. For PON, y = 0.997x - 0.171; r* = 0.996, n = 33.
Inset is an enlargement of the data at low concentrations. For
POP, y = 0.968x + 1.173 x 107% r? = 0.967; n = 49

the sample before adding analytical reagents, with a
sample: buffer ratio of 10:1 (0.32 ml min~' of sample;
0.03 ml min~' NH,Cl). Just before analysis, samples
were filtered in order to eliminate filter fragments.

For PON, values were compared with those obtained
by high temperature, dry combustion (900°C}) in the
laboratory or with the wet-oxidation method (Raim-
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Table 1. Statistical analysis of replicate PON and POP determinations by the new method. n: number of samples

Sample Element n Mean concentration Standard Variation PON/POP
(WM) deviation  coefficient (%) ratio
Natural seawater (upwelling PON 5 4.21 0.18 4.3 14
off Mauritania) POP 5 0.3 0.03 10
PON 2 29.5 1.3 4.4
Synechococcus sp. POP 5 348 006 17 8.47
. PON 5 25.13 1.82 7.2
Phaeodactylum tricornutum POP 5 376 0.35 93 6.68
. PON 4 25.17 2.34 9.3
P tricornutum POP 4 3.69 0.14 3.9 6.82
. PON 3 22.41 1.52 6.8
Tetraselmis maculata POP 3 29 017 59 7.72

bault & Slawyk 1991) during shipboard analysis. The
high temperature determinations were performed with
a CHN LECO analyser with glycine as a standard. For
this analysis, a large quantity of organic matter is
required and 0.5 to 21 of samples must be filtered.

POP values were compared with those obtained by
the procedure of Menzel & Corwin (1967) where the
acid reagent completely oxidises phosphorus but does
not permit complete oxidation of nitrogen. In this
method, 2.5 ml of a freshly prepared solution of 6%
K,S,04 is placed in a 30 ml Teflon bottle containing the
filter and 20 ml of DIW. The solution is autoclaved for
30 min at 120°C. After cooling, the phosphate (PO,) con-
centration is determined on a Technicon Auto Analyser
as described above. As a result of the decomposition of
K,S,0g4, the pH of the sample following oxidation is re-
duced to between 1.5 and 1.8 because of the production
of H,SO,, but this does not interfere with the subsequent
colorimetry. Another decomposition product is H,O,,
and considerable quantities of free chlorine are liber-
ated, producing a highly oxidative atmosphere.

In the field, profiles of PON, POP and PON/POP ratio
were compared with the vertical distributions of

PON : ]JM

chlorophyll determined by fluorimetry according to
Raimbault et al. (1988).

Results and discussion. Comparison of the simulta-
neous analysis method applied to cultures or natural
seawater samples showed excellent agreement with
previous methods for determination of PON and POP
(Fig. 1). The recovery was close to 100 % (95 % confi-
dence limit of 0.01) with a very low standard deviation
over a wide range of concentrations. Thus, we can
assume that this new reagent recovered the whole of
the N and P from living phytoplankton and other
marine organic particles. The thoroughness and preci-
sion of the method were checked by analysis of repli-
cate PON and POP determinations of different cultures
and natural seawater samples using the method (Table
1). The standard deviation is low (<10 %). The present
procedure (in 22.5 ml of assay mixture) is applicable
for low PON and POP concentrations, making it suit-
able for use in oceanic waters. A further example of
vertical PON and POP distributions in oceanic seawa-
ter (Tropical Atlantic) confirmed the good correlation
between the different techniques (Fig. 2). The distribu-
tion of particulate nitrogen and phosphorus was well

PON/POP
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Fig. 2. Vertical distributions .
of (a) PON and (b) POP frac- o
tions collected on filters de-

termined either by usual
methods (@) or by the new
reagent (0). (c) Profiles of the
PON/POP ratio (+) com-
pared to the vertical chloro-
phyll distributions {(0). These .
values were derived from the
EUMELI cruises in the open

Tropical Atlantic Ocean
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Fig. 3. Comparison between the consumption of nitrate (ANO;} and

phosphate {APO,) and the recovery of N in PON and P in POP by

the new reagent during growth of different phytoplankton cultures

(+, Synechococcus sp.; 0, Phaeodactylum tricornutum; a, Dunaliella

tertiolecta; O, Tetraselmis maculata). The dashed line indicates
100 % recovery

related to the chlorophyll biomass. PON/POP ratios
were close to the Redfied ratio (15) in superficial water,
but decreased with depth. The value dropped to below
10 when chlorophyll concentration became very low
(<0.02 ug 1™Y) This decrease of the PON/POP ratio with
depth could be due to changes in seston composition,
becoming dominated by detritical materials and bacte-
ria that have lower PON/POP ratio than phytoplankton
(respectively 6.4 and 3.2; Downing & McCauley 1992).

The procedure was also applied to following
changes in PON or POP phytoplankton cultures grow-
ing on NO; or PO, for several days (Fig. 3). An impres-
sion of the reliability of the proposed method is given
by the reproducible 100 % recovery of NO3 and PO4
absorbed during the first phase of growth. At the end
of the exponential growth, a great discrepancy be-
tween NO; or PO, disappearance and PON and POP
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was noted. Such lack of particulate matter during
phytoplankton growth in batch culture has previ-
ously been observed by Raimbault & Slawyk
(1991) and related to an increase in dissolved or-
ganic matter in the culture medium. By direct
measurements of dissolved organic nitrogen
(DON) during the growth of a culture of Synedra
planctonica on nitrate, Collos et al. (1992) showed
an important DON release like this. This discrep-
ancy was more evident for nitrogen than for phos-
phorus, indicating that phytoplankton excrete or-
ganic matter which should be relatively richer
in nitrogen than in phosphorus (Fig. 3). The N/P
ratios measured in the particulate matter (PON/
POP) at the end of the culture were below 16
(Table 1). These low values, around 8 to 10 (i.e.
lower than the Redfield ratio), seem to be charac-
teristic of numerous phytoplanktonic algae grow-
ing under nutrient-sufficient conditions in batch
culture (Rhee & Gotham 1980) or in a eutrophic
coastal environment (Ryther & Dunstan 1971).

This rapid technique is very suitable for ship-
board analysis and will be a valuable tool in
future aquatic nutrient studies, to evaluate
nitrogen-phosphorus relationships in different
oceanic and freshwater ecosystems, particularly
in oligotrophic environments, which for their
characterisation need numerous and precise
determinations.
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