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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member
technical com

bodies). The work of preparing International Standards is normally carried out through ISO
mittees. Each member body interested in a subject for which a technical committee has been

established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the

International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, RPart 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting~yPublication gs an

International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is d

rights. ISO shill not be held responsible for identifying any or all such patent rights.

awn to the possibility that some of the elements of this document may be the subject of patent

ISO 6878 wa$ prepared by Technical Committee ISO/TC 147, Water quality, Subcommittee SC 2, Physical,

chemical and

This second €

biochemical methods.

dition cancels and replaces the first edition (ISO 6878:1998), which has been technically revised.
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Introduction

This International Standard specifies the determination of different forms of phosphorus compounds present in
ground, surface and waste waters in various concentrations in the dissolved and undissolved state.

The user should be aware that particular problems could require the specification of additional marginal
conditions.
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Water quality — Determination of phosphorus — Ammonium
molybdate spectrometric method

WARNING — Persons using this International Standard should be familiar with normal laboratory
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2 Inpterferences

See A

any suich interferences exist and take action to eliminate them.

3 A

iated with its use. It is the responsibility of the user to establish appropriate safe

sts conducted according to this International Standard be carried out by suitably q
date and antimony waste solutions should be disposed of properly.

cope

nternational Standard specifies methods for the determination of
thophosphate (see Clause 4);

thophosphate after solvent extraction (see Clause 5);
ydrolysable phosphate plus orthophosphate (see Clause 6);

tal phosphorus after decomposition (see Clauses 7 and 8).

ethods are applicable to all kinds of water including seawater and effluents. Phosphorus @
the range of 0,005 mg/l to 0,8 mg/l-may be determined in such samples without dilution.

ent extraction procedure allows, smaller phosphorus concentrations to be determined wi
f about 0,000 5 mg/I.

nnex A for someé known interferences. There may be others and it is recommended to

rinciple

lems, if any,
and health
ely essential
ualified staff.

oncentrations

h a detection

erify whether

Reaction of orthophosphate ions with an acid solution containing molybdate and antimony ions to form an
antimony phosphomolybdate complex.

Reduction of the complex with ascorbic acid to form a strongly coloured molybdenum blue complex.
Measurement of the absorbance of this complex to determine the concentration of orthophosphate present.

Polyphosphate and some organophosphorus compounds are determined if converted to molybdate reactive
orthophosphate formed by sulfuric acid hydrolysis.

Many organophosphorus compounds are converted to orthophosphate by mineralization with peroxodisulfate.
Nitric acid-sulfuric acid mineralization is used if a more vigorous treatment is required.
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4 Determination of orthophosphate

4.1 Reagents

During the analysis, use only reagents of recognized analytical grade and only water having a phosphate
content that is negligible compared with the lowest concentration to be determined in the samples.

For low phosphate contents, double-distilled water from an all-glass apparatus is recommended.
4.1.1 Sulfuric acid solution, ¢(H,SO,) = 9 mol/l.

Add 500 ml iwmmmmmi 5 ml
of sulfuric acidl, p = 1,84 g/ml. Mix well and allow the solution to cool to room temperature.

4.1.2 Sulfdric acid solution, ¢(H,SO,) = 4,5 mol/l.

Add 500 ml £[5 ml of water to a 2 | beaker. Cautiously add, with continuous stirring and coeling, 500 ml = 5 ml
of sulfuric acigl (4.1.1). Mix well and allow to cool to room temperature.

4.1.3 Sulfdric acid solution, ¢(H,SO,) = 2 mol/l.

Add 300 ml £[3 ml of water to a 1 | beaker. Cautiously add 110 ml + 2 ml of sulfuric acid solution (4.1.1)), with
continuous stfrring and cooling. In a measuring flask, dilute to 500 ml + 2 ml with water and mix well.

4.1.4 Sodigm hydroxide solution, ¢(NaOH) = 2 mol/l.

Dissolve 80 g|+ 1 g of sodium hydroxide pellets in water, cool and*dilute to 1 | with water.
4.1.5 Ascorbic acid solution, p = 100 g/I.

Dissolve 10 g[+ 0,5 g of ascorbic acid (CgHgOg) in 100-ml + 5 ml water.

NOTE The solution is stable for 2 weeks if stored.in an amber glass bottle in a refrigerator and can be used as long
as it remains co¢lourless.

4.1.6 Acid molybdate, Solution I.
Dissolve 13 d + 0,5 g of ammoniuni-heptamolybdate tetrahydrate [(NH,4)gMo;054-4H,0] in 100 ml + § ml of
water. Dissolve 0,35 g+ 0,05g.\0f antimony potassium tartrate hemihydrate [K(SbO)C4H,0¢-"2H4QO] in

100 ml £ 5 ml|of water.

Add the molypdate solution to 300 ml £ 5 ml of sulfuric acid (4.1.1) with continuous stirring. Add the tartrate
solution and rix wellk;

NOTE Thée reagent is stable for at least 2 months if stored in an amber glass bottle.

4.1.7 Acid molybdate, Solution Il.

Cautiously add 230 ml £+ 0,5 ml of sulfuric acid (4.1.1) to 70 ml + 5 ml of water, cool. Dissolve 13 g + 0,5 g of
ammonium heptamolybdate tetrahydrate [(NH4)gM0;0,4-4H,O] in 100 ml + 5 ml of water. Add to the acid
solution and mix well. Dissolve 0,359g+0,05g of antimony potassium tartrate hemihydrate
[K(SbO)CyH,4Og-2H,0] in 100 ml + 5 ml of water. Add to the molybdate-acid solution and mix well.

This reagent is used when the sample is acidified with sulfuric acid (4.1.2) (see also Clauses 6, 7 and 8).

NOTE The reagent is stable for at least 2 months if stored in an amber glass bottle.

2 © ISO 2004 — All rights reserved
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4.1.8 Turbidity-colour compensation solution.

On a volume/volume basis, mix two parts of sulfuric acid (4.1.2) and one part of ascorbic acid (4.1.5).
NOTE The reagent is stable for several weeks if stored in an amber glass bottle in a refrigerator.

419 Sodium thiosulfate pentahydrate solution, p = 12,0 g/l.

Dissolve 1,20 g + 0,05 g of sodium thiosulfate pentahydrate (Na,S,03-5H,0) in 100 ml + 5 ml of water. Add
0,05 g + 0,005 g of anhydrous sodium carbonate (Na,CO3) as preservative.

NOTE __The reagent is stable for at least 4 weeks if stored in an amber glass bottle

4.1.10 Orthophosphate stock standard solution, pp = 50 mg/l.
Dry & few grams of potassium dihydrogen phosphate to constant mass‘“(at 105fC. Dissolve
0,219|7 g £ 0,000 2g of KH,PO, in about 800 ml+ 10 ml of water in a 1000m} volumetiic flask. Add
10 mli= 0,5 ml of sulfuric acid (4.1.2) and make up to the mark with water.

Alternptively, use a commercially available stock solution.

The splution is stable for at least 3 months if stored in a well stoppered glass bottle. Refrigeration to about
4 °C i$ recommended.

4.1.11 Orthophosphate standard solution, pp = 2 mg/l.

Pipette 20 ml = 0,01 ml of orthophosphate stock standard:solution (4.1.10) into a 500 ml volumetric flask.
Make [up to the mark with water and mix well.

Prepare and use this solution each day as required:
NOTE 1 ml of this standard solution contains'2-ug P.
4.1.12 Hydrochloric acid, p(HCI) = 1,19-g/ml.
4.1.13 Hydrochloric acid, ¢(HCl) =2,5 mol/l.

Cautigusly add 200 ml £ 10‘m) of hydrochloric acid (4.1.12) to 500 ml + 10 ml of water. Mix and cool to room
tempgrature. Make up to~1°000 ml with water.

4.2 |Apparatus

4.21 | Spectrometer, “prism”- or “grating-type” or filter type, capable of accepting optical cells of thickness
10 mm to 50mm.

The spectrometerchosen-shallbe-suitablefor measuring-absorbance-inthe-visible-and-nearinffa-red regions
of the spectrum. The most sensitive wavelength is 880 nm, but if a loss of sensitivity can be accepted,
absorbance may be measured at 700 nm.

NOTE The detection limit of the method is lower if a spectrometer capable of accepting 100 mm optical cells is
available.

4.2.2 Filter assembly, to hold a membrane filter of nominal pore size 0,45 pym.
4.2.3 Glassware.

Before use, wash all glassware, for example with hydrochloric acid (4.1.13), at approximately 40 °C to 50 °C
and rinse thoroughly with water. Detergents containing phosphate shall not be used.

© 1SO 2004 - All rights reserved 3
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Preferably the glassware should be used only for the determination of phosphorus. After use, clean it as
described above and keep covered until needed again.

Rinse glassware used for the colour development stage occasionally with sodium hydroxide solution (4.1.4),
followed by thorough rinsing with water (4.1), to remove deposits of the coloured complex which has a
tendency to stick as a thin film on the wall of glassware.

4.3 Sampling and samples

4.31

Sampling

Collect the la
phosphate co

The use of sa

4.3.2 Preparation of the test sample

Filter the labo
bring to room

Wash a mem
water, previo
reject the firg
determination

If the filtrate i
solution (4.1.3

The filtration 1

The membrar
available men

4.4 Procedure

441 Testq
Take a volum
orthophosphd
test portions
Similarly, low

thickness 40 mm o560 mm.

boratory samples in polyethene, polyvinylchloride or preferably glass bottles. In the case
hcentrations, use glass bottles.

mpling bottles with cap lines should be avoided as these may contain phosphorus.

temperature before filtration.

brane filter of nominal pore size 0,45 pym to ensure it is free.6f phosphate by passing 20(
isly heated to approximately 30 °C to 40 °C. Discard thes€ washings. Filter the samp
t 10 ml of sample filtrate. Collect the remainder in a clean, dry glass bottle for the imm
of orthophosphate (4.4.4).

5 not within the range of pH 3 to pH 10, adjust it\with sodium hydroxide (4.1.4) or sulfuri

~

me should not exceed 10 min. If necessaryy a larger diameter filter should be used.

e filter should either be checked for\phosphorus content or washed as described. Comme
nbrane filters that are sold free from-phosphorus should be washed as described.

ortion

e of test portion not exceeding 40 ml. This maximum volume is suitable for the determina
te concentrations of up to p, = 0,8 mg/l, when using an optical cell of thickness 10 mm. S

phosphate’concentrations can be determined by measuring the absorbance in an optical

of low

ratory sample (4.3.1) within 4 h after sampling. If the sample has beenkept cool in the meantime,

ml of
e and
ediate

c acid

rcially

tion of
maller

shall be used in order to accommodate higher phosphate concentrations as shown in Table 1.

cell of

Table 1 — Sample volumes and concentrations

Orthophosphate concentration Volume of test portion Thickness of optical cell
mg/| ml mm
0,0t0 0,8 40,0 10
0,0to 1,6 20,0 10
0,0to 3,2 10,0 10
0,0 to 6,4 5,0 10
0,0t0 0,2 40,0 40 or 50
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4.4.2 Blank test

Carry out a blank test in parallel with the determination, by the same procedure, using the same quantities of
all the reagents as in the determination, but using the appropriate volume of water instead of the test portion.

4.4.3 Calibration

4431 Preparation of calibration solutions

Transfer, by means of a volumetric pipette, appropriate volumes, for example, 1,0 ml, 2,0 ml, 3,0 ml, 4,0 ml,
5,0 ml, 6,0 ml, 7,0 ml, 8,0 ml, 9,0 ml and 10,0 ml of the orthophosphate standard solution (4.1.11) to 50 ml
volumetric Tlasks. Dilute with water 1o about 40 ml. These solutions represent orthophosphate qoncentrations
Pp= 0j04 mg/l to 0,4 mg/l.

Proceked accordingly for other ranges of phosphate concentrations shown in Table 1.

44.3.2 Colour development

Add tp each flask, while swirling, 1 ml of ascorbic acid (4.1.5) followed bys2_ml of acid molybdate Solution |
(4.1.6). Make up to the mark with water and mix well.

NOTE Absorbance measured at 700 nm causes a loss of about 30 % _6f the sensitivity at 880 nm.

44.3.83 Spectrometric measurements

Measlire the absorbance of each solution using the spectrometer (4.2.1) at 880 nm after a pgriod between
10 min and 30 min, or, if a loss of sensitivity can be aceépted, at 700 nm. Use water in the referepce cell.

4.4.3.4 Plotting the calibration graph
Plot g graph of absorbance (as the y-axis) against the phosphorus content (as the x-axis) in| milligrams of
phosphorus per litre of the calibration solutions. The relationship between absorbance and concentration is
linear| Determine the slope of the graph,

Verify|the graph from time to time.for linearity, especially if new batches of chemicals are used.
4.4.4 | Determination
4441 Colour development

44411 Standard procedure

Pipette the ‘selected volume of test portion (4.4.1), Vg , into a 50 ml one-mark volumetric| flask and, if
necessaty, dilute to approximately 40 ml + 2 ml with water. Proceed as specified in 4.4.3.2.

If the test sample contains arsenate, this should be reduced to arsenite with thiosulfate in acidic medium. The
reduction to arsenite is quantitative for arsenate concentrations up to at least 2 mg/l As, as described below.

Transfer, by means of a volumetric pipette, up to a maximum of 40 ml of the test sample to a 50 ml volumetric
flask. Add 0,4 ml of sulfuric acid (4.1.2), 1 ml of ascorbic acid solution (4.1.5), and 1 ml of thiosulfate solution
(4.1.9). Mix and allow the reduction to proceed for 10 min £ 1 min. Add 2 ml acid molybdate Solution Il (4.1.7).
Make up to the mark with water. Mix well. Proceed as described in 4.4.3.3.

© 1SO 2004 - All rights reserved 5
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4.44.1.2 Procedure in case of turbid samples
If the test sample is turbid and/or coloured, proceed as follows.
Add 3 ml of the turbidity-colour compensation reagent (4.1.8) to the selected volume of test portion. Dilute to

50 ml and measure the absorbance. Subtract the absorbance of this solution from the value measured as
specified in 4.4.3.3.

4442 Spectrometric measurements

See 4.4.3.3.

If the test porfion has been treated with thiosulfate due to interference by arsenate, measurements shopld be
made within 10 min; otherwise the colour will fade.

4.5 Expression of results

4.5.1 Calcujation

Calculate the jorthophosphate concentration, pp, expressed in milligrams per litre AIsing the equation

_ (A AO) Vmax
PP =
SxVs
where
A is {he absorbance of the test portion;

Ay is the absorbance of the blank test;
f is the slope of the calibration graph (4.4.3.4);.expressed in litres per milligram (I/mg);
Vmax is fhe volume of the volumetric flask (60.ml), expressed in millilitres (ml);
Vs s the actual volume of the test portion, expressed in millilitres (ml).
Report the mass concentrations of phosphorus as follows, but to no more than three significant figures:
— pp <0,1mg/l to the nearest.0;001 mg/l;
—  pp < 10 mg/l to the nearest 0,01 mg/l;

—  pp = 10 mg/l to the nearest 0,1 mg/l.

4.5.2 Precision

The precision data in Table B.1 were obtained in an interlaboratory trial involving 16 laboratories.
NOTE For interferences, see Annex A.

4.6 Test report

The test report shall contain the following information:

a) all information necessary for complete identification of the sample;

b) a reference to this International Standard (ISO 6878:2004);

6 © ISO 2004 — All rights reserved
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c) areference to the method used, and the number of the clause;
d) the results obtained;

e) details of any operations not included in this section or regarded as optional, together with any incidents
likely to have an influence upon the results.

5 Determination of orthophosphate after solvent extraction

5.1 Applicability

This method can be applied only if the phosphate concentration in the sample is less than 0;0{1 mg/l P. This
methdd is especially suitable for marine water.

5.2 |Reagents

Use the reagents specified in 4.1.5, 4.1.6 and 4.1.10 and in addition:
5.2.1| Hexan-1-ol (CgH,30H).

5.2.2 | Ethanol (C,H5;OH).

5.2.3 | Orthophosphate, standard solution, pp = 0,5 mg/I P.

Pipettge 5,0 ml = 0,01 ml of orthophosphate stock standard’solution (4.1.10) into a 500 ml one-mark volumetric
flask. Make up to the mark with water and mix well.

Prepare and use this solution each day as required.
5.3 [Sampling and samples

See 4{3.

5.4 |Procedure

5.4.1 | Test portion

Transfer, by means-of a measuring cylinder, 350 ml + 5 ml of the test sample (4.3) to a 500 ml separating
funnel.

5.4.2 | Blank test

Carry out a blank test in parallel with the determination, by the same procedure, using the same quantities of
all reagents as in the determination, but using 350 ml of water instead of the test portion.

5.4.3 Calibration

5.4.31 Preparation of calibration solutions

Add 300 ml + 10 ml of water to five individual separating funnels. From a microburette add 1,4 ml, 2,8 mli,
4,2 ml, 5,6 ml and 7,0 ml of orthophosphate standard solution (5.2.3) to each 500 ml separating funnel. Dilute
each solution to 350 ml £ 10 ml with water, stopper, swirl, and mix. These solutions represent orthophosphate
concentrations, pp, of 0,002 mg/l, 0,004 mg/l, 0,006 mg/l, 0,008 mg/l and 0,01 mg/l respectively.

© 1SO 2004 - All rights reserved 7
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5432 Co

lour development

To each separating funnel, with swirling, add 7,0 ml+0,1 ml of ascorbic acid solution (4.1.5) and

14,0 ml + 0,1

ml of acid molybdate Solution | (4.1.6).

After 15 min add 40,0 ml £ 0,1 ml of hexan-1-ol (5.2.1) to each separating funnel and stopper. Shake
vigorously for 1 min. Allow the phases to separate and pipette 30 ml + 0,01 ml of each of the upper hexan-1-ol
extracts into a series of dry 50 ml one-mark volumetric flasks. Add 1,0 ml + 0,2 ml of ethanol (5.2.2) to each
flask and dilute each solution to the mark with 1-hexanol.

5.4.3.3 Spectrometric measurements

Measure the
against hexar

5434 Plc

Plot a graph
litre, of the ca

Verify the ling]

5.4.4 Determination

5.4.41 Cojour development

Treat the test

5442 Sp

See 5.4.3.3.

5.5 Expression of results

Calculate the

A-
PP =]

where

A is th¢ absorbange of the test portion;

pbsorbance of each hexan-1-ol solution at 680 nm in optical cells of thickness 40 mm.opr4
-1-ol in the reference cell.

tting the calibration graph

bf absorbance (as the y-axis) against the phosphorus content (as the xfaxis), in milligran
ibration solutions. Determine the slope of the graph.

arity of the calibration curve periodically, especially if new batches of’chemicals are used.

portions (5.4.1) as specified in 5.4.3.2 for the calibration solutions.

pctrometric measurements

orthophosphate concentration, pp, expressed in milligrams per litre (mg/l), using the equati
4o
f‘

Report the va

absorbance of the blank test;

0 mm

s per

lue to the nearest 0,001 mg/l but give values below 0,000 5 mg/l as pp < 0,000 5 mg/l.

NOTE For interferences, see Annex A.

5.6 Testreport

The test report shall contain the following information:

a) all inform

ation necessary for complete identification of the sample;

b) a reference to this International Standard (ISO 6878:2004);
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e) details of any operations not included in this section or regarded as optional, together with any incidents
likely to have an influence upon the result.

6 Determination of hydrolysable phosphate and orthophosphate

6.1

Reagents

Use th

6.2

See 4

6.3

6.3.1

See 4

6.3.2

Filter

e reagents specified in4.1.2,4.1.4,4.1.5,4.1.7 and 4.1.11.

Apparatus

2.
Sampling and samples

Sampling

3.1.

Preparation of the test sample

he sample (4.3.1) as described in 4.3.2 and:analyse as soon as possible after sampling.

has bg¢en kept cool (5 °C to 10 °C) in the meantimé;*bring to room temperature before filtration.

Add 1
and d

6.4

6.4.1

Accor
volum
to 40

Period
pH 10
about

Altern

ml of sulfuric acid (4.1.2) per 100 ml ef‘filtered test sample to bring to about pH 1. Keep t
ark until analysis.

Procedure

Test portion

Hing to the expected phosphate concentration of the sample (see Table 1), transfer, b
etric pipette, up.to a maximum of 40 ml of the test sample (6.3.2) to a conical flask. If neq
ml + 2 ml withdwater. Acidify with sulfuric acid (4.1.2) to pH < 1 and boil gently for approxin
ically, add~sufficient water so that the volume remains between 25 ml and 35 ml. Cool, adj
with sedium hydroxide solution (4.1.4) and transfer to a 50 ml volumetric flask; dilute
40 ml

If the sample

ne filtrate cool

/ means of a
essary, dilute
nately 30 min.
ust to pH 3 to
with water to

betwe

6.4.2

' l + L 4l HPAH R I I Iy 4 : 1 al o addl £ H ol 20 + H
dluvcly, TrietallcZc UIc aLluliicu Titratc 1 d CIUSTU DULLUT TUT dpPpPlTUuUAlTIatery QU T 1t al

en 115 °C and 120 °C.

Blank test

autoclave at

Carry out a blank test in parallel with the determination by the same procedure, using the same quantities of
all the reagents as in the determination, but using water acidified to the same extent as the test portion.
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6.4.3 Calibration

6.4.3.1

Preparation of calibration solution

Transfer, by means of a volumetric pipette appropriate volumes, for example, 1,0 ml, 2,0 ml, 3,0 ml, 4,0 ml,
5,0 ml, 6,0 ml, 7,0 ml, 8,0 ml, 9,0 ml and 10,0 ml of the orthophosphate standard solution (4.1.11) to 50 ml
conical flasks. Dilute with water to 40 ml+ 2 ml. These solutions represent orthophosphate concentrations
pp = 0,04 mg/l to 0,4 mg/l. Proceed accordingly for other ranges of phosphate concentration shown in Table 1.
Acidify with sulfuric acid (4.1.2) to pH < 1 and boil gently for approximately 30 min and continue as stated in

6.4.1.

6.4.3.2

Add to each
Solution Il (4.
6.4.3.3 Sp
See 4.4.3.3.
6.4.3.4 Plg
See 4.4.34.

6.4.4 Determination

6.4.4.1

Proceed accd

6.442 Sp

See 4.4.3.3.

6.5 Expression of results

6.5.1 Calcu

Calculate the
litre, using the

Cojour devetopment

pctrometric measurements

Cojour development

pctrometric measurements

lation

flask, while swirling, 1 ml of ascorbic acid (4.1.5) followed by 2 ml of acid._moly
.7). Make up to the mark with water.

tting the calibration graph

rding to 6.4.3.2, using the test portion (6.4(1).

concentration{of orthophosphate plus hydrolysable phosphate, pp, expressed in milligran
equation

bdate

s per

_ (A B AO) Vmax
PP =T A
S XV g
where

A is the absorbance of the test portion;

Ay is the absorbance of the blank test;
f is the slope of the calibration graph (4.4.3.4), expressed in litres per milligram (I/mg);
Vmax 18 the volume of the volumetric flask (50 ml), expressed in millilitres (ml);

v is the actual volume of the test portion, expressed in millilitres (ml).

Take into account any dilution steps and as well the dilution steps caused by the addition of sulfuric acid.

10
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Report the mass concentrations of phosphorus as follows, but to not more than three significant figures.
— pp < 0,1 mg/l to the nearest 0,001 mg/l;
— pp < 10 mg/l to the nearest 0,01 mg/l;

— pp = 10 mg/l to the nearest 0,1 mg/l.

6.5.2 Precision

The precision data in Table B.2 were obtained in an interlaboratory trial involving 15 laboratories (see also
TableB-1):

NOTE For interferences, see Annex A.

6.6 [Test report

The tgst report shall contain the following information:

a) a|l information necessary for complete identification of the sample;

b) ajreference to this International Standard (ISO 6878:2004);

c) alreference to the method used, and the number of the clause;

d) the results obtained;

e) Q3tails of any operations not included in this seefion or regarded as optional, together with|any incidents

ely to have an influence upon the results.

7 Determination of total phosphorus after peroxodisulfate oxidation

7.1 |[Reagents

Use the reagents specified in4.42,4.1.3,4.1.4,4.1.5,4.1.7,4.1.8,4.1.9 and 4.1.11, and in addifion:

7.1.1 | Potassium peroxodisulfate solution.
Add 5|g + 0,1 g of potassium peroxodisulfate (K,S,0g) to 100 ml = 5 ml of water, stir to dissolve.

NOTE The-solution is stable for at least 2 weeks, if the supersaturated solution is stored at room terpperature in an
amber|borosilicate bottle, protected from direct sunlight.

7.2 Apparatus

See 4.2, and in addition:

7.21 Borosilicate flasks, 100 ml, with glass stoppers, tightly fastened by metal clips (for the determination
of total phosphorus using the peroxodisulfate method in an autoclave); polypropene bottles or conical flasks
(screw capped) are also suitable.

Before use, clean the bottle or flasks by adding about 50 ml of water and 2 ml of sulfuric acid (8.1.1). Place in

an autoclave for 30 min at operating temperature of between 115 °C and 120 °C, cool, and rinse with water,
repeat the procedure several times and store covered.

© 1SO 2004 — Al rights reserved 1
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7.3 Sampling and samples

7.31

See 4.3.1.

7.3.2 Prepa

Sampling

ration of the test sample

Add 1 ml of sulfuric acid (4.1.2) per 100 ml of the unfiltered test sample. The acidity should be about pH 1; if
not, adjust with sodium hydroxide solution (4.1.4) or sulfuric acid (4.1.3).

Store in a cod

If total dissolv

I dark place until analysis.

ed phosphorus is to be determined, filter the sample as specified in 6.3.2.

7.4 Procedure

741 Test|q
The oxidation
in this case, 0

Pipette up to
with water tq
approximately
Cool, adjust

transfer to a §

Alternatively,

NOTE1  Thi
up to 90 min fo

NOTE2 An
under the cond

ortion

using peroxodisulfate will not be effective in the presence of large_quantities of organic n
xidation using a mixture of nitric acid and sulfuric acid is necessafty (see Clause 8).

a maximum of 40 ml of the test sample (7.3.2) into a 100.ml conical flask. If necessary,

40 ml+2 ml. Add 4 ml of potassium peroxodisulfate)solution (7.1.1) and boil gen
30 min. Periodically, add sufficient water so that the ¥olume remains between 25 ml and
0 between pH 3 to pH 10 with sodium hydroxideisolution (4.1.4) or sulfuric acid (4.1.3
0 ml volumetric flask; dilute with water to about 40'ml.

mineralize for 30 min in an autoclave at between 115 °C and 120 °C.

Ity minutes are usually sufficient to mineralize phosphorus compounds; some polyphosphonic acid
" hydrolysis.

tions described in this subclause)and will therefore also cause interference.

If arsenic is
the solution

nown or suspected to(be’present in the sample, the interference needs to be eliminated,
ith sodium thiosulfate solution (4.1.9) immediately after the mineralization step. In the ¢

seawater mingralized in an autotlave, remove free chlorine by boiling for about 2 min before the arser
reduced by thjosulfate.

7.4.2 Blank]test

Carry out a blank'test in parallel with the determination, by the same procedure, using the same quanti
all the reagentsas in the determination, but using water instead of the test portion.

natter;

dilute
ly for
35 ml.
) and

5 need

arsenate present will cause inte€rferences. Any arsenic originally present will be oxidized to arnsenate

Treat
ase of
ate is

ties of

7.4.3 Calibration

7.43.1

Preparation of calibration solutions

Transfer, by means of a volumetric pipette appropriate volumes, for example, 1,0 ml, 2,0 ml, 3,0 ml, 4,0 ml,
5,0 ml, 6,0 ml, 7,0 ml, 8,0 ml, 9,0 ml and 10,0 ml of the orthophosphate standard solution (4.1.11) to 100 ml
conical flasks, dilute to about 40 ml with water. These solutions represent orthophosphate concentrations
pp =0,04 mg/l to 0,4 mg/l. Proceed as specified in 7.4.1 from “Add 4 ml potassium peroxodisulfate solution
(7.1.1) and boil gently for approximately 30 min”.

12
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7.4.3.2 Colour development

Add to each 50 ml flask, while swirling, 1 ml of ascorbic acid (4.1.5) and after 30 s, 2 ml of acid molybdate
Solution Il (4.1.7). Make up to the mark with water and mix well.

7.4.3.3 Spectrometric measurements

See 4.4.3.3.

7.4.3.4 Plotting the calibration graph

See 4,434

7.4.4 | Determination

7441 Colour development

Prepafre the test portion from 7.4.1 and proceed as specified in 7.4.3.2.

If the fest sample is turbid and/or coloured, the following procedure is recommended:

Add

mineralized with peroxodisulfate. Dilute with water to 50 ml and measure the absorbance.
absorbance of the solution from the value measured according to04.4.3.3.

7.4.4.2 Spectrometric measurements

See 4/4.3.3.

7.5

7.51

Expression of results

Calculation

Calculate the concentration of totalphosphorus, pp, expressed in milligrams per litre, using the e

wherg

(A_AO) Vmax
SxVs

A is the abSorbance of the test portion;
4y  is the.absorbance of the blank test;

f is the slope of the calibration graph (4.4.3.4), expressed in litres per milligram (I/mg);

3 ml of the turbidity-colour compensation reagent (4.1.8) ta the selected volume of @ test portion

Subtract the

uation

|14

max 1S the volume, of the volumetric flask (50 ml), expressed in millilitres (ml);

V.

S is the actual volume of the test portion, expressed in millilitres (ml).

Take into account any dilution steps and as well the dilution caused by the addition of sulfuric acid.

Report the mass concentrations of phosphorus as follows, but to not more than three significant figures

— pp < 0,1 mg/l to the nearest 0,001 mg/l;

— pp < 10 mg/l to the nearest 0,01 mg/l;

— pp = 10 mg/l to the nearest 0,1 mg/l.

© 1SO 2004 - All rights reserved
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7.5.2 Precision
The precision data in Table B.3 were obtained in an interlaboratory trial involving 16 laboratories.

NOTE For interferences see Annex A.

7.6 Test report
The test report shall contain the following information:

a) all information necessary for complete identification of the sample;

b) areferenge to this International Standard (ISO 6878:2004);
c) areference to the method used, and the number of the clause;
d) the resulfs obtained;

e) details off any operations not included in this clause or regarded as optional, tagether with any indidents
likely to Have an influence upon the results.

8 Determination of total phosphorus after nitric acid-sulfuric acid digestion
8.1 Reagents

Use the reaggnts specified in 4.1.2,4.1.5, 4.1.7, 4.1.9 and in addition:

8.1.1  Sulfuric acid, p(H,SO,) = 1,84 g/ml.

8.1.2  Nitriq acid, p(HNO3) = 1,40 g/ml.

8.1.3 Sodium hydroxide, ¢(NaOH) = 8 mol/l solution.

Dissolve 64 d £ 1 g of sodium hydroxide pellets in 150 ml £ 10 ml of water, cool, and dilute with water to
200 ml £+ 10 mpl. Store in a polyethyléne-bottle.

8.2 Apparatus
See 4.2 and in addition;

8.2.1 Kjeldahl flask, 200 ml.

8.3 Samplingand-samples
8.3.1 Sampling

See 4.3.1.

8.3.2 Preparation of the test sample

Add 1 ml of sulfuric acid (4.1.2) per 100 ml of the unfiltered test sample. The acidity should be about pH 1; if
not, adjust the pH with sodium hydroxide solution (4.1.4) or sulfuric acid (4.1.3). Store in a cool dark place until
analysis.

If total dissolved phosphorus is to be determined, the sample is filtered according to 6.3.2.

14 © 1SO 2004 — All rights reserved
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Procedure

Test portion

WARNING — It is necessary to carry out this procedure in a well-ventilated fume cupboard.

Pipette up to a maximum of 40 ml of the test sample (8.3.2) into a Kjeldahl flask (8.2.1). Cautiously add 2 ml of
sulfuric acid (8.1.1) and swirl to mix. Add anti-bumping granules and heat gently to the appearance of white
fumes. After cooling, cautiously add 0,5 ml of nitric acid (8.1.2) dropwise while swirling, and heat until brown
fumes cease to be evolved. After cooling continue to treat as necessary with nitric acid dropwise while swirling,
until a clear and colourless solution is obtained. Cool and cautiously add 10 ml of water with continuous

swirli

contin
to adj
Rinse

For ar

8.4.2

Carry
all the

8.4.3

8.4.3.
Trans
50m
Kjeldz

These
8.4.1

8.4.3.

Add t
Soluti

8.4.3.

See 4

8.4.3.

U al Id hcat tU thU appocdararivc Uf vvh;tc funlca. Il'\\ftcl bUU“IIH, uaut;uuo:y add 23 III:
uous swirling. While cooling, cautiously add sodium hydroxide solution (8.1.3) with centir
st the solution to between pH 3 to pH 10. After cooling, transfer the solution to a 50(Mml-vo
the Kjeldahl flask with a small amount of water and add the washings to the flask.

senic interference, see 4.4.4 and A.2.

Blank test

out a blank test in parallel with the determination, by the same proeedure, using the sam
reagents as in the determination, but using water instead of the test portion.

Calibration

| Preparation of calibration solutions

fer, by means of a volumetric pipette, appropriate volumes, for example 1,0 ml, 2,0 ml, ]
, 6,0 ml, 7,0 ml, 8,0 ml, 9,0 ml and 10,0 ml of the orthophosphate standard solution (4.1
hl flasks.

solutions represent orthophosphate concentrations pp = 0,04 mg/l to 0,4 mg/l. Proceed 3
rom “Cautiously add 2 ml of sulfuric’acid (8.1.1) and swirl to mix.”

P Colour development

b each 50 ml flask, while swirling, 1 ml of ascorbic acid (4.1.5) and after 30 s, 2 ml of a
bn 11 (4.1.7). Make-up-to the mark with water and mix well.

B Spectromeétric measurements

4.3.3.

i - Plotting the calibration graph

f water with
uous swirling
umetric flask.

b quantities of

,0ml, 4,0 ml,
11) to 200 ml

s specified in

tid molybdate

See 4

8.4.4

4.34.

Determination

8.441 Colour development

Proceed according to 8.4.3.2 using the test portion from 8.4.1.

8.4.4.2 Spectrometric measurements

See 4

4.3.3.

© 1SO 2004 - All rights reserved
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8.5 Expression of results

8.5.1 Calculation

Calculate the concentration of total phosphorus, pp, expressed in milligrams per litre, using the equation

_ (A - AO ) Vmax
S xVs
where
A is the absorbance of the test portion;

Ay is the absorbance of the blank test;
f is fhe slope of the calibration graph (4.4.3.4), expressed in litres per milligram (I/mg);
is {he volume, of the volumetric flask (50 ml), expressed in millilitres (ml);
Vs s the actual volume of the test portion, expressed in millilitres (ml).
Take into accpunt any dilution steps and as well the dilution caused by the addition of sulfuric acid.
Report the mass concentrations of phosphorus as follows, but to not more(than three significant figures:

— pp > 0,1 Mg/l to the nearest 0,001 mg/l;
— pp < 10 mg/l to the nearest 0,01 mg/l;

— pp = 10 Mg/l to the nearest 0,1 mg/l.

8.5.2 Precigion
The precision|data in Table B.3 were obtained’in an interlaboratory trial involving 16 laboratories.

NOTE Folf interferences, see Annex A«

8.6 Test report
The test repoit shall contain-the following information:
a) all informiation necéssary for complete identification of the sample;

b) areferenge 16 this International Standard (ISO 6878:2004);

c) areferenceto the method USed, and the number of the clause,
d) the results obtained;

e) details of any operations not included in this clause or regarded as optional, together with any incidents
likely to have an influence upon the results.
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