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4. Digestions

4.1 Microwave Digestions

4.1.5 Alkaline persulfate solution: Seston
Rhena Schumann

Suitability

Total phosphorus concentrations (TP) are the sum of atoms of this
element, independent from matrix, binding from and availability for
microorganisms. TP comprises available phosphate, dissolved organic P
compounds, bound P in biomass, and P being sorbed to suspended
particles - also in water samples.

Before measurement of TP all bound, dissolved and particulate P
compounds have to be converted to phosphate. With an oxidative
digestion all P-containing compounds are disintegrated in smallest
component to release the whole phosphorus to phosphate. An oxidative
digestion method at 90 °C exist but has to be incubated very long
(Berthold et al. 2015). Besides this digestion method coupled (oxidative
and UV) and UV digestion methods and can be used (chapter 4.1.5). The
final phosphate is measured photometrically. The P analytics is based on
DIN EN ISO 6878 (2004).

In many water bodies (lake, estuaries), P is the limiting factor for primary
production. Since phosphorus is, especially during phytoplankton
monitoring (spring, summer), bound in biomass and therefore only in
traces measurable as plant available phosphate, TP is the proxy for P
supply of the water body.

High nitrate concentrations (> 2 mmol I}, Hansen & Koroleff 1999)
exclude extracts with nitric acid and aqua regia from photometric P
determination with molybdenum blue. Even the high nitrate
concentrations in winter in eutrophic water bodies are considerably lower
(e.g. Selig et al. 2006).
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Concentration range

TP in seston or in unfiltered water samples is mainly measured as
phosphate by the molybdenum blue method. The molybdenum blue
method is the dominant method in water analytics, which measurement
range is between 0.05 and 10 pmol I-1. The limit of quantification of 0.05
umol I’ may be reduced considerably (Gimbert et al. 2007), if Continuous
Flow Analysers with very long cuvettes are used. Currently, the limit of
quantification for the whole procedure (digestion and determination) is
0.22 ymol It in a 5 cm cuvette.

Protocol

Preparation
» Freeze sample at -20 °C.
» Thaw sample in hot water before further preparation.

Digestion

» Fill Teflon vessel with 10 ml well shaken water sample (total sample),

» Add 1.0 ml alkaline persulfate solution.

» Per run, at least 2 standards (once 10 umol I'? organically bound
phosphorus, e.g. diphenyl phosphate, triphosphate or glucose-6-
phosphate, and once phosphate) and at least 2 blanks have to be
digested.

» Close digestion vessels.

» Digest in a common microwave at 450 W for 50 s or in a laboratory
microwave LAVIS 1000 two times with program 7 (tab. 4.1.5-1).

» Wait at least 5 min after digestion before opening and removal of
sample solution (Attention: high pressure!), wait longer, if vessels are
warm.

Neutralisation

» Transfer each sample into a graduate test tube, rinse with 1 ml ultra-
pure water (add to sample).

» Neutralisation of sample with pH-indicator 3-nitrophenol:
» Add 3 drops of indicator solution,
» Add some drops of ammonia solution until solution turns yellow,
» Back titration to colourless solution with 1N HCI (Fig. 4.1.5-1 and

2).

» Fill neutralised samples to 15 or 20 ml with ultra-pure water.

» For samples without considerable intrinsic colouration a sample
turbidity value does not need to be determined.
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Figure 4.1.5-1 Yellow solution
(nitrophenol) after addition of
ammonia solution

Table 4.1.5-1 Digestion program for microwave Lavis 1000 for seston

Level Max. Power Ramp Temperature Holding
(W) (min) (°C) (Quil))
1 1000 2 15:00
2 1000 2 15:00
Measurement

» photometrically as molybdenum blue (chapter 5.2.3)
» correction of dilution by neutralisation (equation 4.2.2-1)

Equation 4.1.5-1 Calculation of the TP concentration in seston and correction of dilution
by neutralisation

TP = Fpo, X (Esample - Ersw) X FD TP Total Phosphorus (umol I'1)

Fro4 Factor of calibration line for phos-
phate, with extinction on the x-axis
and P concentration on the y-axis.

Esample extinction at 885 nm, Cuvette

length  for calibration and
measurement have to be the
same

Ersw Reagent blank value

_ total volume FD factor of dilution of Neutralisation:
~ digestion volume Total volume after Neutralisation (ml)
Digestion volume (ml)
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Reagents

» stir alkaline persulfate: 25 g potassium peroxide disulfate (K2S20s
nitrogen-poor), 15 g boric acid and 7,5 g sodium hydroxide in a 500 ml
volumetric flask with around 400 ml ultra-pure water until complete
dissolution. Fill to 500 ml.

» 3-nitrophenol: dissolve 0.3 g nitrophenol in ethanol or 0.08 g in 100 ml
ultra-pure water.

» Ammonia solution: dilute concentrated ammonia solution 1:4 with
ultra-pure water

» 1 N HCI: fill a 1 litre volumetric flask with around 750 ml of ultra-pure
water; add 85,5 ml concentrated HCI slowly (Attention: heats up!), fill
to 1 litre after cooling down to room temperature.
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