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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. 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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria neededfof
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Methods of determining water quality using flow analysis automated wet chemical procedures are
particularly suitable for the processing of many analytes in water in large sample series at a high
analysis frequency.

Analysis can be performed by flow injection analysis (FIA)[e][8] or continuous flow analysis (CFA)[9l.
Both methods share the feature of an automatic dosage of the sample into a flow system (manifold)
where the analyte in the sample reacts with the reagent solutions on its way through the manifold. The
sample preparation may be integrated in the manifold. The amount of reaction product is measured in a
flow detector (e.g. flow photometer). This document describes the CFA method.

The user should be aware that particular problems could require the specification of|additional
marginal conditions.

© ISO 2018 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 15681-2:2018(E)

Water quality — Determination of orthophosphate and
total phosphorus contents by flow analysis (FIA and CFA) —

Part 2:
Method by continuous flow analysis (CFA)

W,

Thils document does not purport to address all of the safety problems, if any, assogiats

use

IMPORTANT — It is absolutely essential that tests conducted in accordance with this

be ¢
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orthophosphate in the mass concentration range from 0,01 mgy/} to 1,00 mg/1 P, and total g
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trials. Annex C gives’ information of determining orthophosphate-P and total-P by CFA

chlq

2

NING — Persons using this document should be familiar with normal laborator

. It is the responsibility of the user to establish appropriate safety and health'pract
rarried out by suitably qualified staff.

Scope

5 document specifies continuous flow analysis (CFA), meéthods for the determ
he mass concentration range from 0,10 mg/1 to 10,0 mg/1 P. The method includes the d
hnic phosphorus compounds and the hydrolysis of inotganic polyphosphate compounds,
er manually, as described in ISO 6878 and in References [4], [5] and [7], or with an
aviolet (UV) digestion and hydrolysis unit.

5 document is applicable to various types of-water, such as ground, drinking, surface, le
te water. The range of application can be changed by varying the operating conditions.

5 method is also applicable to the analysis of seawater, but with changes in sensitivity i
carrier and calibration solutions tothe salinity of the samples.

also applicable to analysis using 10 mm to 50 mm cuvettes depending on the desired
'eme sensitivity, 250 mm and'500 mm long way capillary flow cells (LCFCs) can be used
method is not validated forthese two uses. Changes in sensitivity and calibration solutio
ired.

ex A provides examples of a CFA system. Annex B gives performance data from intej

ride reductioh.

Normative references

y practice.
pd with its
ices.

document

ination of
hosphorus
igestion of
performed
integrated

hchate and

y adapting

range. For
|. However,
hs could be

laboratory
and tin(11)

Thd

following documents are referred to in the text in such a way that some or all of th

pir content

constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO

3696, Water for analytical laboratory use — Specification and test methods

ISO 5667-1, Water quality — Sampling — Part 1: Guidance on the design of sampling programmes and
sampling techniques

ISO 5667-3:2018, Water quality — Sampling — Part 3: Preservation and handling of water samples

ISO 6878:2004, Water quality — Determination of phosphorus — Ammonium molybdate spectrometric
method

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=fa55875a984edec13c55c42c8838dbe8

ISO 15681-2:2018(E)

ISO 8466-1, Water quality — Calibration and evaluation of analytical methods and estimation of
performance characteristics — Part 1: Statistical evaluation of the linear calibration function

ISO 8466-2, Water quality — Calibration and evaluation of analytical methods and estimation of

performance characteristics — Part 2: Calibration strategy for non-linear second-order calibration

functions

3 Terms and definitions

No terms and definitions are listed in this document.

ISO and [E€ maintain terminological databases for use in standardization at the following addressef:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Eldctropedia: available at http://www.electropedia.org/

4 Interferences

4.1 General interferences

Refer to ISP 6878:2004, Annex A for a list of general interferences. In"addition, or contrary to the cjted

standard, the following applies:

a) arsendte causes serious interference: 100 ug/l As, presént as arsenate, results in a respdnse
compalrable to approximately 30 pg/1P;

b) if the dilicate concentration in samples is not greaterithan 60 times the phosphorus concentratfion,
interfgrences by silicate can be neglected;

c) fluoride interference is significant above 50 mg/I;

d) nitrite|interference is significant above 5 mg/l; the interference can be eliminated by acidifying
samplgs after collection;

e) for samples containing high concentrations of oxidizing agents, the amount of added reduction
reager]t can be insufficient; in‘this case, remove the oxidizing material prior to digestion;

f) the self-absorption of thetsample can be compensated for by measuring, in addition to the sample
signal |(9.6), the signal-of the sample without the admixture of the reagents; in this case,|the
differgnce of the twao reésponses is used for the evaluation (Clause 10).

4.2 Interferencesin the determination of total-P

Samples cpntaining solids or suspended particles can show low values when analysed by the| UV

method, if the/particles are not completely transported into the UV unit. The error can be minimized

by stirring the sample immediately before or during sampling, in order to ensure that a representative
sample is delivered into the analyser, and by reducing the particle size.

The interferences from silicate, nitrite, fluoride and iron described for the orthophosphate
determination are generally not observed in the UV method, due to the pre-digestion and the higher
analytical range.

The efficiency of the UV digestion can be affected for water samples with chemical oxygen demand
(COD) values of more than 10 times the highest concentrations of the calibration solutions (6.22). In this
case, the sample should be diluted.

© ISO 2018 - All rights reserved
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5.1

ISO 15681-2:2018(E)

Principle

Determination of orthophosphate

The sample is mixed with a surfactant solution, followed by an acidic solution containing molybdate
and antimony ions. The resulting phospho-antimony-molybdate complex is reduced by ascorbic acid to
molybdenum bluel4l[Z]. The pH of the reaction mixture shall be between pH 0,6 and pH 0,9[3].

5.2

Total phosphorus with manual digestion

Pho
soll
isd
can
use

5.3
Thd
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6

Use
sho

6.1
The

6.2

6.2

6.2

To 3
and

6.2

sphorus compounds in the sample are oxidized manually with a potassium pero
tion, in accordance with ISO 6878 or with an equivalent procedure. The resulting otthqd
btermined by the molybdenum blue reaction using the colour reaction described im5/1. T
be neutralized manually in accordance with ISO 6878 or by taking into accountjthe amd
d in this procedure when calculating the acid to be used in the molybdenum reagent.

Total phosphorus with integral UV digestion and hydrolysis
sample is mixed with potassium peroxodisulfate and passed thfoygh a UV digester, f|
digestion to hydrolyse polyphosphates. The resulting orthophosphate is measured using
‘tion described in 5.1. The pH of the reaction mixture shall be between pH 0,6 and pH 0,9
e reaction mixture is critical to avoid interferences from silicate.

Reagents

analytical grade chemicals unless otherwise specified. Molybdate and antimony wast
11d be disposed properly.

Water, conforming to grade 1 of ISO:3696.
phosphate blank value shall be checked (see 9.3).

Sulfuric acid, H2SO4.
1 Sulfuricacid I, p= 1,84 g/ml; 95 % to 98 %.

2 Sulfuric acidAl, ¢(H2S04) = 2,45 mol/1.

pproximately 800 ml of water (6.1), carefully add 136 ml of sulfuric acid I (6.2.1) while st
dilute ta"},000 ml with water (6.1).

3 _ASulfuric acid I1I, ¢(H2504) = 2,45 mol/L.

kodisulfate
phosphate
he samples
unt of acid

pbllowed by
the colour
[3]. The pH

e solutions

rring. Cool

To

6.3

6.4

6.5

6.6

6.7

©IS

[ 000 mI of sulturic acid IT (6.2.2), add 1 g of sodium dodecyl sulfate (6./) and miX.

Sodium hydroxide, NaOH.

Ammonium heptamolybdate tetrahydrate, (NH4)sMo7024:4H70.
Antimony potassium tartrate trihydrate, K;(Sb0)2CgH4010-3H>0.
Ascorbic acid, C¢gHgOg.

Sodium dodecyl sulfate, NaC12H25504.

02018 - All rights reserved
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6.8 Potassium peroxodisulfate, K;S;0g.

6.9 Potassium dihydrogen phosphate, KHyPOy4, dried at 105 °C = 5 °C to constant mass.

6.10 Potassium pyrophosphate, K4P;07.

6.11 Organophosphorus compounds, to check the UV digestion.

6.11.1 Pyridoxal-5-phosphate monohydrate, CgH19oNOgP-H>O0.

6.11.2 Dis

odium phenylphosphate, CcHsNaPO4.

6.12 Surfactant solutions.

6.12.1 Suil

Dissolve 1

water (6.1)f

The solutid

6.12.2 Sul

Dissolve 1(

water (6.1)f

The solutid

6.13 Moly

Dissolve 4
to1 000 m

Do not usq
solution is
the ammor

6.14 Anti

Dissolve 2,
to1 000 m

The solutid

factant solution I, see (A) or (B) in Figure A.1.

o of sodium dodecyl sulfate (6.7) in about 800 ml of water (6.1) and djlute to 1 000 ml v

n is stable for six months if stored at room temperature.

factant solution II, see (A) or (B) in Figure A.1.
g of sodium dodecyl sulfate (6.7) in about 800 ml of' water (6.1) and dilute to 1 000 ml v

n is stable for six months if stored at room temperature.

bdate solution.

g of ammonium heptamolybdate tetrahydrate (6.4) in about 800 ml of water (6.1) and di
with water (6.1).

a metal spatula when wejghing the ammonium heptamolybdate tetrahydrate (6.4).
Ktable for three months(ifstored at room temperature. Avoid any contact between metal
ium heptamolybdate.

mony potassiumi-tartrate solution.

b g of antirfieny potassium tartrate trihydrate (6.5) in about 800 ml of water (6.1) and di
with water (6.1).

n is'stable for three months if stored at room temperature.

vith

vith

[ute

The
and

jute

6.15 Antimony tartrate molybdate reagents.

6.15.1 Antimony tartrate molybdate reagent I, for determination of orthophosphate and total P after
manual digestion (R1 in Figure A.1).

Mix 500 ml of sulfuric acid II (6.2.2), 150 ml of molybdate solution (6.13) and 50 ml of antimony

potassium

tartrate solution (6.14).

The solution is stable for two weeks if stored at room temperature.

© ISO 2018 - All rights reserved
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6.15.2 Antimony tartrate molybdate reagent II, for total phosphorus determination after integrated
UV digestion (R5 in Figure A.2).

Add to 440 ml sulfuric acid solution II (6.2.2), 150 ml molybdate solution (6.13) and 90 ml of antimony
potassium tartrate trihydrate solution (6.14) and dilute with water (6.1) to 1 000 ml.

The

solution is stable for two weeks if stored in a polyethylene bottle at room temperature.

6.15.3 Antimony tartrate molybdate reagent III, for total phosphorus determination after integrated
UV digestion (R4 in Figure A.3).

Add
pot

The

6.1

Dis

water (6.1). Store in the dark. Prepare the solution daily before use.

6.1

Dis
and

6.1

Figiyres A.2 and A.3).

Dis
wit

The

6.1

Dis

water (6.1) to 1 000 ml, Store in a tightly closed glass bottle.

Thd

6.2
Dilu

hssium tartrate trihydrate solution (6.14) and dilute with water (6.1) to 1 000 ml.

solution is stable for two weeks if stored in a polyethylene bottle at room temperature.

b Ascorbic acid solution I, (R2 in Figure A.1).

olve 1 g of ascorbic acid (6.6) in about 80 ml of water (6.1) and bring to a volume of 1

/' Ascorbic acid solution I, (R6 in Figure A.2 and R5 in Figute A.3).
olve 1,1 g of ascorbic acid (6.6) in about 80 ml of water (6.1),"add 0,1 g of sodium dodecyl s

B Digestion reagent, for the determination of tgtal phosphorus after integrated UV diges

h sulfuric acid II (6.2.2), cool and diluteswith water (6.1) to 1 000 ml.

solution is stable for two weeks,if stored at room temperature.

D Orthophosphate stock solution I, p = 50,0 mg/1 orthophosphate-P.
olve 220 mg + 1 mg (of potassium dihydrogenphosphate (6.9) in water (6.1) and ¢
solution is stable-for two months if stored at 3 °C + 2 °C.

) Orthophosphate stock solution II, p = 10,0 mg/1 P.

te 20-ml of solution (6.19) to 100 ml with water (6.1). Prepare the solution daily before u

6.2

dilute with water (6.1) to 100 ml. Store in the dark. Prepare the solution daily before usg.

to 220 ml sulfuric acid solution II (6.2.2), 150 ml molybdate solution (6.13) and 90 mhgf antimony

DO ml with

ulfate (6.7)

tion, (R1 in

olve 5 g of potassium peroxodisulfate (6.8)}1n about 900 ml of water (6.1). Adjust the pH Yo 1,1 to 1,2

lilute with

|_Q_|;Lh_n_phnspha_tgs];n_ck solution III p=100 mgl/l P

Dilute 2 ml of solution (6.19) to 100 ml with water (6.1). Prepare the solution daily before use.

6.22 Calibration solutions.

Prepare at least five calibration solutions by diluting solutions 6.19 to 6.21 according to the range
required.

Ranges:

©IS
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For orthophosphate-P: range II: 0,01 mg/1to 0,10 mg/1 Pa
range I: 0,10 mg/1to 1,00 mg/1 P

For total-P: range II: 0,10 mg/1to 1,00 mg/1 P
range [: 1,00 mg/1to 10,0 mg/1 P

a This range is used for very clean water samples like surface- or drinking waters.

Tables 1 to 3 give examples for the preparation of 10 calibration solutions for the above-mentioned ranges.

Table 1 — Example for the preparation of 10 calibration solutions for the orthophosphate
range II (0,01 mg/1to 0,10 mg/1 P)
Millilitres ¢f orthophosphate stock
solution III|(6.21) diluted to 100 ml 1 2 3 4 > 6 4 § 9 10
Concentratjon of calibration 0,01 | 0,02 | 0,03 | 0,04 | 0,05 | 0,06 | 0,07 [N0,08 | 0,09 | 0j10
solutions, mg/1 P

Table 2 — Example for the preparation of 10 calibration solutionsfer the orthophosphate
range I and total phosphorus range II (0,10 mg/1t0,1,00 mg/1 P)
Millilitres ¢f orthophosphate stock
solution II (6.20) diluted to 100 ml 1 2 3 4 R 6 4 8 9 10
Concentratfon of calibration 0,10 | 0,20 | 0,30 | 0,467{ 0,50 | 0,60 | 0,70 | 0,80 | 0,90 | 100
solutions, mg/1 P

Table 3[— Example for the preparation of 10 calibration solutions for the total phosphorus
range I (1,00 mg/1 to 10,0 mg/1 P)
Millilitres ¢f orthophosphate stock ]
solution I (§.19) diluted to 100 ml 2 b6 8 100 12 14 1 16 ) 18 ) 20
Concentratjon of calibration 1,00 | 2,00 | 3,00 | 4,00 | 5,00 | 6,00 | 700 | 8,00 | 9,00 | 1,0
solutions, mg/1 P

Prepare th
6.23 Stan

6.23.1 Po

Dissolve 5
with water

e calibration solutions immediately before use.
ards for verifying hydrolysis and digestion efficiency.

fassium pyrophosphate stock solution, p = 100 mg/1 P.

B3 mg %-3 ' mg of potassium pyrophosphate (6.10) in about 800 ml of water (6.1) and dijute
(64)to 1 000 ml. Store in a sealed glass container at 3 °C + 2 °C.

The solutiomrtsstablteforsixmmomtirs:

6.23.2 Potassium pyrophosphate solution I, to check hydrolysis efficiency, p = 0,50 mg/1 P, for the

total-P working range I1 (0,10 mg/1 to 1,00 mg/1 P).

Dilute 0,5 ml of solution 6.23.1 and 100 pl of sulfuric acid (II) (6.2.2) to 100 ml with water (6.1).

The solution is stable for one month if stored at 3 °C + 2 °C.

6.23.3 Potassium pyrophosphate solution II, to check hydrolysis efficiency, p = 5,00 mg/1 P for the
total-P working range I (1,00 mg/1 to 10,0 mg/1 P).

Dilute 5 ml of solution 6.23.1 and 100 pl of sulfuric acid (II) (6.2.2) to 100 ml with water (6.1).

© ISO 2018 - All rights reserved
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The solution is stable for one month if stored at 3 °C + 2 °C.

6.23.4 Organophosphorus stock solution, p = 100 mg/1 P.

Dissolve 856 mg + 4 mg of pyridoxal-5-phosphate monohydrate (6.11.1) in about 800 ml of water (6.1)

and

dilute with water (6.1) to 1 000 ml.

The solution is stable for six months in a closed glass container, if stored at 3 °C + 2 °C.

Alternatively:

Dis
wit

The

6.2
wol

Dilu
Thd

6.2
wot

Dilu
Thd

6.2

Dis
Nay

Thi

6.2
Dis

olve 704 mg ¥ 3 mg of disodium phenylphosphate (6.L1.2) In about 80U ml of water_(g
h sulfuric acid II (6.2.2) to approximately pH 2 and dilute to 1 000 ml with water (6.1)

solution is stable for three months if stored in the dark at 3 °C + 2 °C.

B.5 Organophosphorus solution I, to check UV digestion efficiency, p = @,5>mg/1 P, for
king range II (0,10 mg/1to 1,00 mg/1 P).

solution is stable for one month if stored at 3 °C + 2 °C.

8.6 Organophosphorus solution II, to check UV digestion-efficiency, p = 5,00 mg/1 P, for
king range [ (1,00 mg/1 to 10,0 mg/1 P).

te 5 ml of solution 6.23.4 and 100 pl of sulfuric acid,II (6.2.2) to 100 ml with water (6.1).

solution is stable for one month if stored at 3 2C + 2 °C.

i Cleaning solution.

olve 65 g of sodium hydroxide, NaOH"(6.3), and 6 g of tetrasodium ethylenedinitrilotetra
-EDTA, NasC19H1208N>, in 1 00Q@ ml of water (6.1).

5 solution is stable for one month if stored at 3 °C + 2 °C.

b Sodium hydroxide-solution, p = 105 g/1.
olve 105 g + 1 g-sedium hydroxide (6.3) in 800 ml of water (6.1). Cool and dilute to 1 0

water (6.1).

7

7.1

Apparatus

Continuous-flow analysis (CFA)

te 0,5 ml of solution 6.23.4 and 100 pl of sulfuric acid II (6.2.2) to 100-ml with water (6.1).

.1), acidify

the total-P

the total-P

hcetic acid,

DO ml with

The system generally consists of the following components (see Figures A.1, A.2 and A.3).

7.1.

For

1 Sampler or other device, for reproducible sample introduction.

the determination of total-P, consider using a device to mix the sample during sampling.

In order to ensure that a representative sample is delivered into the analyser, the sample should be
stirred (ISO 5667-3:2018, 3.2). This may be achieved using a mechanical top-stirring device or bubbling
air through the sample on the auto-sampler.

7.1.

2 Reagent containers.

© ISO 2018 - All rights reserved
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7.1.3 Peristaltic pump, with suitable pump tubes inert to the reagents used.

7.1.4 Manifold, with reproducible gas bubble introduction, sample and reagent introduction and
components of chemically inert materials.

7.1.5 Ifnecessary, a dialyser with a cellulose membrane to dilute the sample and eliminate interfering
substances.

7.1.6 If necessary, flow-through thermostats, recommended temperature setting are 37 °C to 40 °C
or95°Cre ‘ppr‘fivp]y (+1 °{")

7.1.7 Phptometric flow-through detector, wavelength 880 nm + 10 nm.

For the CFA method, the photometer may be equipped with 10 mm to 50 mm cuvettes depending on|the
desired ramge. For extreme sensitivity, also 250 mm and 500 mm LCFCs may be used,

7.1.8 Data display unit.

In general|peak height signals are evaluated by use of PC with software for data acquisition and
evaluation

NOTE Figures A.1, A.2 and A.3 show CFA systems with tubing of 2 mm internal diameter. Other tuping
diameters (¢.g. 1 mm) can be used as long as the flowrates are in the samé€ proportion and the recovery ratg¢s in
9.5 are achig¢ved.

7.2 Additional apparatus

7.2.1 Graduated flasks, nominal capacity 100 ml, 200'ml and 1 000 ml.
7.2.2 Pipettes, nominal capacity 1 ml, 2 ml, 5'hl, 10 ml, 20 ml and 25 ml.
7.2.3 Beakers, nominal capacity 25 ml,<100 ml and 1 000 ml.

7.2.4 Digposable membrane filter-assembly, with membrane filters of pore size 0,45 pm.

For samplgs with a large particulate load, the disposable filters may incorporate a glass fibre pre-filter.
7.2.5 pHmeter.

7.3 Additional apparatus for the determination of total phosphorus after integral digestion

7.3.1 Hornogenizer, dispersing instrument [e.g. Ultra-Turrax, Polytron?) if needed (see Clause 8)].

7.3.2 Apparatus integrated in the CFA system (7.1).

7.3.2.1 UV digestion unit, e.g. with ozone-producing lamp and reaction coil of quartz glass (see
Figures A.2 and A.3).

NOTE In-line digesters with a power of 25 W are commercially available (see, for example, Figures A.2
and A.3).

7.3.2.2 Thermostat, for temperature control of the hydrolysis at 95 °C £ 1 °C.

1)  Ultra-Turrax and Polytron are examples of suitable products available commercially. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of this product.

8 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=fa55875a984edec13c55c42c8838dbe8

ISO 15681-2:2018(E)

8 Sampling and sample preparation

Carry out sampling and sample preservation in accordance with ISO 5667-1 and ISO 5667-3. Prior to
use, rinse all containers which will come into contact with the sample with water (6.1).

Field sampling equipment decontamination procedures shall be sensitive to potential for cross
contamination by phosphate surfactants.

For samples with low concentrations (e.g. < 0,1 mg/l orthophosphate-P), use glass containers. For
samples with higher concentrations (e.g. > 0,1 mg/1 orthophosphate-P or total-P), plastic bottles (e.g.
made from high density polyethylene) are also acceptable.

NOTE Glass containers are preferred at the low concentration. These are easier to clean andjphgsphate free.

If filtering is required (in the case of particles of diameter > 0,1 mm), samples for the determination of
orthophosphate should be filtered through a membrane filter (0,45 um) immediately'after sampling and
stofed at 3 °C = 2 °C. The filtration reduces biological reactions, and reduces interferenceq by sulfide
and clogging of the analyser tubing. The maximum preservation time is 24 h;

by adding
ime is one

Sanpples for the determination of total-P shall be preserved either by (freezing (-18 °C) or
sulfluric acid to a value of pH < 2 immediately after sampling. The magimum preservation
month. Total phosphorus samples containing particles shall be homogenized (7.3.1).

Sanpples with particles should be homogenized for at least 15satabout 12 500 rpm (7.3.1).

9 |Procedure

9.1 Preparation for analysis

Set
and

up the flow analyser for the desired proeedure orthophosphate-P or total-P, see Figur

A.3.
Purhp the reagents for up to 10 min (fortotal-P: up to 30 min) and adjust the baseline to zerq.

The analyser is ready as soon asthe baseline is stable. Proceed according to steps 9.2 to 9.5.

9.2| Instrument perforimance check

In t
con
0,1(
Sys
If th
det

he analytical systém, prepared according to 9.1, a calibration solution (6.22) with a p
centration of 0,05-mg/1 shall exhibit an absorbance per centimetre in working range II (0
mg/1) of at Jeast 0,010 cm~1. Otherwise, the flow system is not suitable and it shall be re
em which fulfils this requirement.

ermined by comparing with an external absorbance measuring photometer. In this case,

hosphate-P
01 mg/lto
placed by a

e photometric detector (7.1.7) does not allow any absorbance readings, the absorbance nmpay then be

h sufficient

qu
Cl

tity of the reaction mixture (containing the sample and the appropriate reagent solutions, see
should be prepared manually and measured 1n the external photometer.

ause

A calibration solution (6.22) with a phosphate-P concentration of 0,01 mg/1 shall exhibit a signal-to-
noise ratio of at least 3:1.

9.3

Reagent blank check

Wait for a stable baseline.

Pump water (6.1) through all tubes. Record the change in absorbance.

If the absorbance per centimetre (9.2) is decreased by more than 0,01 cm-1, the reagents or the
water (6.1) are possibly contaminated, and suitable measures to eliminate the interference shall be
undertaken before starting the analysis.

©IS
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Pump all the reagent solutions again (9.1).

9.4 Calibration

Selectthe desired range and the appropriate calibration solutions (6.22), atleast five, equally distributed
over the working range. Carry out a separate calibration for each working range.

Before starting the analysis, set the baseline as recommended by the instrument manufacturer, or as
appropriate.

Obtain the measured values corresponding to the calibration solutions applied.

Calibrate by sequentially applying the calibration solutions and reagent blanks.
Determine|the calibration curve in accordance with ISO 8466-1 or ISO 8466-2.

The analysjis conditions for standards and samples are identical (9.6). The output signdlis proporti¢nal
to the phogphate-P concentration, or the total-P concentration, respectively. For lingar calibration,|use

the followipg Formula (1):
y=b-pg+a (1)

where

y  isthe measured value, in system-related units;
b is the calibration-curve slope, in system-related unit&x litres per milligram, 1/mg;
p is the mass concentration of orthophosphate-P et‘total P, in milligrams per litre, mg/l;

a isthe calibration-curve intercept, in system-related units.

9.5 Cheg¢k of UV digestion and hydrolysis for total P determination (Figures A.2 and A.3)
Establish g/ stable baseline.

Potassium|pyrophosphate solution‘\L'or II (6.23.2 and 6.23.3) and organophosphorus solution [ or
IT (6.23.5 gnd 6.23.6) at a concentration of 50 % of the selected working ranges I or II shall show a
recovery rate of at least 90 %

The recovdry rate depends\on the manufacturer’s equipment. If these criteria are not met, replace it by
a system which fulfils these requirements.

9.6 Measurement

Analyse sanples, prepared according to Clause 8, in the same way as the calibration solutions (6.22)).

If the sample concentration is higher than the selected working range, analyse in a different range or
dilute prior to analysis.

After each set of sample measurements, at least after every 20 measurements, check the system
calibration using calibration solutions in the lower and the upper third of the working range (9.4). If
necessary recalibrate the system.

9.7 Closing down the system
To remove any precipitates, close down the flow system as follows.

At the end of a run, rinse the system for about 5 min with the cleaning solution (6.24), and then for
about 25 min with water (6.1).
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10 Calculation of results

Calculate the mass concentration of the samples using Formula (2):
p=-a)/b (2)

where the symbols are as defined in 9.4.

Calculate sample concentrations according to the calibration range they fall into. Do not extrapolate a
calibration curve.

11 |Expression of results

Replort results to not more than two significant figures.

EXAMPLES

Ortlhophosphate-P: 2,7 x 102 mg/1
OrtIophosphate-P: 0,42 mg/1
Tot4l-P: 0,69 mg/1
Totdl-P: 29 mg/l

12|Test report

The test report shall contain at least the followinginformation:

a) [the test method used, together with a reference to this document, i.e. ISO 15681-2:2018;
b) |identity of the sample;

c) |expression of the results according to Clause 11;

d) |any deviation from this method,;

e) |report of all circumstafnces that can have affected the results.
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Annex A
(informative)

Examples of a CFA system

Figures A.1, A.2 and A.3 give examples of a CFA system (Z7.1).

1
G | 0,32 2 3 4 3
®) | 0,10
k1 | 0,10
k2 | 0,10
0,42

Key

1 pump, flowrates in ml/min

2 reactiofp coil, /=30 cm, ID =2 mm
3

4  detectolr, wavelength = 880 nm

5 waste

6  debublbled waste

G  air: floyrate 0,32 ml/min

R1 antimohy tartrate molybdate reagent I (6.15.1): flowrate 0,10 ml/min

thermofstat coil 37 °C to 40 °C (precision: +'1.°C), /=120 cm, ID = 2 mm

R2 ascorbik acid solutiond~(6.16): flowrate 0,10 ml/min

For orthophjpsphate-P:

Workiny range11(0,01 mg/I to 0,10 mg/I P):
(A) sample| flowrate 1,00 ml/min

(A)

Working range I (0,10 mg/I to 1,00 mg/I P):
surfactant solution I (6.12.1):

flowrate 1 ’nn m]/min

(B) surfactant solution II (6.12.2): flowrate 0,10 ml/min (B)
For total-P (obtained by manual digestion):

Working range II (0,10 mg/I to 1,00 mg/1 P):
(A) sample: flowrate 1,00 ml/min

(B) surfactant solution II (6.12.2):

flowrate 0,10 ml/min

(A)

(B)

sample: flowrate 0,10 ml/min

Working range I (1,00 mg/I to 10,0 mg/I P):
surfactant solution I (6.12.1):
flowrate 1,00 ml/min

sample, diluted 1:10 (offline or online): flowrate
0,10 ml/min

Figure A.1 — Example of a CFA system (7.1) for determination of orthophosphate-P and total-P

12

(obtained by manual digestion) in all concentration ranges
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9
1 2 7 8
R6 [ 023 W_/\/\/\ v
R5 | 023
G 0,32 6
Ra [ 0801 | L ———— |
G 0,32 2 [ E—
R3 [ 032 —
8 res2| 0,80 | | I I 9
5 4
R2 | 0,32
G 0,52
RL [ 023 | ]
resl| 0,42
G 0,32
R7 | 1,60 | |
S 0,42
1,00
9
Key]
G air: flowrate 0,32 ml/min 1  pump (flowrates in ml/min)
S sample: flowrate 0,42 ml/min 2 reaction coil, /= 35 cm, ID = 1,5 mn
res] resample: flowrate 0,42.ml/min
res] resample: flowrate 0;80,ml/min 3 UV digester; e.g. with ozone-producing
lamp and reaction coil of quartz glass,
power of the UV lamp = 25 W, redction path:
[=500 cm, ID 2 mm
R1 digestionreagent (6.18): flowrate 0,23 ml/min 4  thermostat coil, / = 500 cm, temp 95 °C, ID
2 mm
R2 sulftirie acid 111 (6.2.3): flowrate 0,32 ml/min 5 reaction coil, /=134 cm, ID = 1,5 mm
R3 sedium hydroxide solution (6.25): flowrate 0,32 ml/min6  dialyzer; path length 700 mm
R4 surfactant solution | (F\ 12 1)- flowrate 0 80 m]/mih i thermostat coil =140 cm temp = 40 °C, ID
2 mm
R5 antimony tartrate molybdate reagent II (6.15.2): 8  detector, wavelength = 880 nm

flowrate 0,23 ml/min
R6 ascorbic acid solution II (6.17): flowrate 0,23 ml/min 9  waste
R7  water (6.1): flowrate 1,60 ml/min

Figure A.2 — Example of a CFA system (7.1) for determination of total-P with integrated UV
digestion in working range I (1,00 mg/1 to 10,0 mg/1 P)
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R5 | 0,23

R4 | 0,23

G 0,32
R3 0,32

2
2
8 | {res [080 [ ] W
5 4

R2 | 0,32
G 0,32
R1 0,23 | |
S 042 | /
8 2 3 2
Key
G air: flgpwrate 0,32 ml/min T  pump (flowrates in ml/min)
S sample: flowrate 0,42 ml/min 2 reaction coil, /=35 cm, ID = 1,5 mm
res resanjple: flowrate 0,80 ml/min 3 UV digester; e.g. with ozone-producing
lamp and reaction coil of quartz glass,
power of the UV lamp = 25 W, reaction pdth:
[=500cm,ID =2 mm
R1  digestfion reagent (6.18): flowrate 0,23:ml/min 4 thermostat coil, / = 500 cm, temp = 95 °C,
ID =2 mm
R2  sulfuific acid III (6.2.3): flowrate 0;32 ml/min 5 reaction coil, /=134 cm, ID = 1,5 mm
R3  sodiun hydroxide solutionf6.25): 6  thermostat coil, I = 140 cm, temp = 40 °C,
flowrjte 0,32 ml/min ID =2 mm
R4  antimpny tartrate molybdate reagent III (6.15.3): 7  detector, wavelength = 880 nm
flowrgte 0,23 ml/min
R5  ascorbic acid solution II (6.17): 8  waste

flowrgte 0,23-ml/min

Figure A.3 — Example of a CFA system {7Z.1) for determination of total-P with integrated UV
digestion in working range II (0,10 mg/1 to 1,00 mg/1 P)
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