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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
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Introduction

Methods using flow analysis automate wet chemical procedures and 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 |nJect|on analysis (FIA) [1]. [2] or by continuous flow analy3|s (CFA) B3, Both
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meter). The detector produces a signal from which the concentration of the parametet is cal
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International Standard, only the CFA procedure is described.
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INTERNATIONAL STANDARD 1ISO 22743:2006(E)

Water quality — Determination of sulfates — Method by
continuous flow analysis (CFA)

WARNING — Persons using this International Standard should be familiar with normal laboratory
practie. This standard does not purport to address all of the safety problems, if any, asspciated with

its use. It is the responsibility of the user to establish appropriate safety and health pragtices and to
ensure compliance with any national regulatory conditions.

IMPORTANT — It is absolutely essential that tests conducted according to this:'standard be carried
out hy suitably trained staff.

1 $cope

This |nternational Standard specifies a continuous flow analysis (CFA).method for the determinatjion of sulfate
in various types of water (such as ground water, drinking water and waste water).

The method is applicable to samples with a sulfate (SO,) mass’concentration from 30 mg/l to 30D mg/I. Other

concentration ranges are applicable, provided they covefZexactly one decade of concentratign units (e.g.
100 g/l to 1 000 mg/l).

2 Normative references
The following referenced documents are-indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced
docupent (including any amendments)-applies.

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

ISO §667-3, Water quality.— Sampling — Part 3: Guidance on the preservation and handling of wajer samples

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
chargacteristics — Part 2: Calibration strategy for non-linear second-order calibration functions

3 Interferences

Calcium-, magnesium-, iron- and aluminium ions interfere with the determination of sulfate (negative bias).
Treatment with a cation exchange resin will reduce the interferences.

Sulfide, sulfite, phosphate and tannic acids may lead to a positive bias, but concentrations of these
substances which cause measurable interferences are usually not found in real samples.

© I1SO 2006 — All rights reserved 1
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4 Principle

Sulfate reacts in an acidic solution with barium chloride to form barium sulfate. The excessive barium chloride
reacts with methylthymol blue in an alkaline solution to a chelated barium methylthymol blue. The absorbance
of the free non-chelated methylthymol blue is measured at 460 nm £ 10 nm in a flow through detector. Other
metals, such as calcium, magnesium, iron and aluminium, are removed by an ion exchange column prior to
the reactions with barium.

5 Reagents

Use analyticél grade chemicals, unless otherwise specified, and check the blank value of the reagents;
5.1 Water| complying with grade 1 as defined in ISO 3696.

5.2 Barium chloride dihydrate, BaCl,-2H,0.

5.3 Concgntrated hydrochloric acid, ¢(HCI) = 12 mol/l, p(HCI) = 1,19 g/ml.

5.4 Methyjthymol blue, (C5,H4oN,043SNa, or C3,H,43N,043SNa).

5.5 Surfagtant, polyoxyethylene-23-laurylether (C,,H,5(OCH,CH,),30H),)a mass fraction of 30 % sojution
in water.

5.6 Sodium hydroxide, (NaOH).

5.7 Ethylgnedinitrilotetracetic acid tetrasodium salt, NazEDTA, (C;,H;,N,Na,Og).

5.8 Ammgnium chloride, (NH,CI).

5.9 Ammagnia solution, 25 % solution, ¢(NH5-HyQ) = 14 mol/l, p(NH3-H,0) = 0,91 g/ml.
5.10 Ethanpl, C,H;OH, a volume fraction ‘of 96 %, p = 0,79 g/ml, food grade or pure grade.
5.11 Sodium sulfate, (Na,SO,), driedfor 2 h at 105 °C.

5.12 Cation} exchange resin-DOWEX 50W-X8'), particle size 0,3 mm to 0,8 mm in H* form.
5.13 Barium chloride solution

In a 1 000 ml volumetric flask, dissolve 917 mg + 1 mg of barium chloride dihydrate (5.2) in about 500|ml of
water (5.1) ahd make up to volume with water (5.1).

When stored'at2—=Cte-6—=Gthesolution-is—stable-for+-menth-
5.14 Diluted hydrochloric acid, ¢(HCI) = 1 mol/l.

In a 1 000 ml volumetric flask, dilute 82 ml of concentrated hydrochloric acid (5.3) in about 800 ml of water
(5.1) and make up to volume with water (5.1).

1) DOWEX 50W-X8 is a trade name. This information is given for the convenience of users of this International Standard
and does not constitute an endorsement by ISO of this product.
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Methylthymol blue solution

In a 1 000 ml volumetric flask, dissolve 160 mg + 1 mg of methylthymol blue (5.4) in 50 ml of barium chloride
solution (5.13). Add 4 ml of concentrated hydrochloric acid (5.3) and 360 ml of ethanol (5.10). Make up to
volume with water (5.1). Add 1 ml of surfactant (5.5).

When stored at 2 °C to 6 °C, the solution is stable for 1 week.

5.16

Buffered Na,-EDTA solution, pH = 10,5.

In a 1 000 ml volumetric flask, dissolve 6,75 g of ammonium chloride (5.8) and 40,0 g of Na,-EDTA (5.7) in

abou
5.17

Ina
up to

5.18

Ina 1
Mak¢q

5.19

In a
Mak¢g

NOTEH
respe

be slightly altered. Without the sulfate addition, this_ lower part will not be linear.

5.20

Prepgrre at least five calibration selutions by diluting the sulfate stock solution (5.18).

Tablg

Sodium hydroxide solution, ¢(NaOH) = 0,25 mol/l.

000 ml volumetric flask, dissolve 10,0 g of sodium hydroxide (5.6) in about 500\ml of wate
volume with water (5.1).

Sulfate stock solution, p(SO,) = 3 000 mg/l.

000 ml volumetric flask, dissolve (4 436 = 1) mg of sodium sulfate~(5.11) in about 500 ml o
up to volume with water (5.1).

Sulfate spiking solution, p(SO,) = 6 mg/l.

1 000 ml volumetric flask, dilute 2,00 ml of sulfate stock solution (5.18) in about 800 ml o
up to volume with water (5.1). Add 1 ml of surfactant (5.5).

Ct to the sulfate concentration in the blank or the quality of the methylthymol blue (5.4), the added sulfa

Calibration solutions

1 gives examples for the.preparation of 10 calibration solutions in the range of 30 mg/I to 3(

500 ml of water (5.1). Add 57 ml of ammonia solution (5.9) and make up to volume with wafer (5.1).

r (5.1). Make

f water (5.1).

water (5.1).

The sulfate solution is added to achieve better linearity in the lower measuring part of the calibijation curve. In

te amount can

0 mgl/l.

30 mg/l to 300 mg/l

Table 1 — Example for preparation of 10 calibration solutions for the sulfate (SO,) fange

Volu
to 1(Q

me in ml of sulfate stock solution (5.18) diluted
0 ml 1 2 3 4 5 6 7 8

Sulfg

in mg/l 30 | 60 | 90 1120 | 150 | 180 | 210 | 240

te<{SO,) concentration of calibration solution

270 | 300

6 Apparatus

6.1

Continuous-flow analysis (CFA).

The system generally consists of the following components (see Figure A.1 in Annex A).

6.1.1

6.1.2

©I1SO

Sampler or other device, for reproducible sample introduction.

Reagent containers.
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6.1.3 Low

6.1.4

pulse pump, with chemical resistant pump tubes.

reagent segmentation.

Inlet connector, made of glass, or chemical resistant material, with reproducible air-, sample- and

6.1.5 Photometer, with flow cell, optical path length, e.g. 10 mm, wavelength range 450 nm to 470 nm.
6.1.6 Data acquisition and display unit, such as a PC, recorder, printer or plotter.

6.2 Graduated flasks, nominal capacity 100 ml and 1 000 ml.

6.3 Grad

50 ml.

6.4 Cation exchange column.

Glass tube with a length of at least 10 cm and an internal diameter of approximately 2ymm. Suspend the
cation exchaphge resin in water (5.1) and fill the tube with this mixture. Close both sides of the tubq with
approximately 5 mm of glass wool.

7 Sampljng and sample pretreatment

Carry out sampling as specified in 1ISO 5667-3. Prior to use rinse all containers which will come into cgntact
with the sample with water (5.1).

The sampleg may be stored in either glass or plastics containers\for at least one month. Sample preseryation
is not requirdd (see ISO 5667-3). Prior to analysis, filter the sample, if necessary.

8 Procedure

8.1 Preparation for the analyses

Set up the flgw analyser for the desired procedure (see Figure A.1 in Annex A).

Pump hydroghloric acid (5.14) for 15'Ymin to regenerate the cation exchange column (6.4). Use the pumg tube
for the sulfat¢ spiking solution (549). Rinse the column by pumping water (5.1) through the column for 1(q min.
Pump the regagents (see Figure A.1) for up to 15 min and set the baseline to zero.

The analysel is operational when there is no baseline drift.

Proceed in afpcordance with 8.2 to 8.5.

8.2 Quality requirements for the measuring system

8.21

Instrument performance checks

The following requirements apply.

a) In the analytical system, prepared according to 8.1, a calibration solution (5.20) with a sulfate
concentration of about 100 mg/l shall exhibit an absorbance per centimetre of at least 0,260 cm~".
Otherwise, the flow system is not suitable, and it shall be replaced by a system which fulfill this
requirement.

4 © 1SO 2006 — All rights reserved
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If the photometric detector (6.1.5) does not allow any absorbance readings, the absorbance may be
determined by comparing an external absorbance measuring photometer. In this case, a sufficient
quantity of the reaction mixture (containing the sample) and the appropriate reagent solutions (see
Clause 5) should be prepared manually and measured in the external photometer.

b) A calibration solution (5.20) with a sulfate concentration of 30 mg/l shall exhibit a signal to noise relation
of at least 3:1.

8.2.2

Daily sensitivity test

If a recorder is used for the measurement, transfer the sample probe into a sulfate calibration solution (5.20;

e.g. |
respq
to red

8.3

Calib
over

Seleq

If diff

00 mg/l, depending on the full-scale range) aiter stabilization of the baselne. VWhen there|
nse at the registration unit, due to the colour produced from the calibration solution, adjust
d about 95 % of full-scale deflection.

Calibration

he working range, and water (5.1) as reagent blank.
t the appropriate calibration solutions (5.20).

brent working ranges are applied, carry out a separate calibration for each working range.

Befofe starting the analysis, set the baseline as recommended by the instrument manufa

apprd

Analy
corre

Calcl

If the

priate.

se by sequentially applying the calibration solutions and reagent blanks and obtain the me3g
sponding to the solutions applied.

late the calibration curve according to 1SO-8466-1.

linearity test described in ISO 8466-1 shows that the calibration curve is not linear,

calibfation curve as specified in 1SO,8466-2.

The @nalysis conditions for standards and samples are identical (see 8.4). The output signal is p

the s

The f

For li

For n

Ifate concentration.

pllowing Equations (1) and (2) are used:
hear curves:

=a+bp

on-linear curves:

is a positive
the response

rate each range with at least five calibration solutions (5.20), with concentrations equidistan{ly distributed

Cturer, or as

sured values

calculate the

roportional to

y=a+(bp)+(cp?)

where

y  is the measured value, in system related units;

a s the calibration curve intercept, in system related units;

b is a coefficient of the calibration function, in system related units x litres per milligram;

c is a coefficient of the calibration function, in system related units x litres2 per milligram?;

p is the mass concentration of sulfate, in milligrams per litre, mg/l.

©I1SO

2006 — All rights reserved

(2)


https://standardsiso.com/api/?name=1ab4ea5bbc32aeffd88c432d0d18c26f

ISO 22743:

2006(E)

8.4 Measurement

Analyse samples in the same way as the calibration solutions.

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

After each group of sample measurements, at the latest after every 20 measurements, check the system
calibration using one calibration solution (5.20) each for the lower and upper parts of the respective working
range. If the results of these two solutions lie outside the confidence range of the calibration curve
(see ISO 8466-1), re-calibrate the system.

8.5 Closing down the system

Rinse the s
hydroxide so|
water (5.1) a

9 Calcul
Calculate thg
For linear cu

p=(y-

For non-lines

b

PZ—Z

For non-lines

__b
» 2(
For an expla

Calculate the
extrapolate g

ystem by connecting the pump tubes of the methylthymol blue reagent (5.15), and sq

nd rinse for 15 min.

ation of results
mass concentration of sulfate in the samples using the Equations (3), (4) and (5):

Ves:
a)lb

r curves with negative curvature:

_( jz_

r curves with positive curvaturé:

+[ ]2_

nation of the symbols, see 8.3.

b

2 azy
2c

c

b
2c

Cc

mass concentration of sulfate in samples according to the calibration range they fall into. D
calibration curve higher than the highest calibration solution.

dium

ution (5.17) with the Na,-EDTA solution (5.16). After 15 min, replace the Na,-EDTA solutiof with

®)

(4)

®)

0 not

10 Expression of results

Report result

EXAMPLES

Mass concentration of sulfate:

Mass concentration of sulfate:

s in milligrams per litre (mg/l) or grams per litre (g/1) in not more than 2 significant figures.

35 mgl/l

0,14 g/l

© I1SO 2006 — All rights reserved
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11 Test report

This clause specifies which information is to be included in the test report. The clause shall require information
to be given on at least the following aspects of the test:

a) areference to this International Standard (ISO 22743:2006);
b) identity of the sample;

c) sample preparation;

d) description of the analyser type or flow conditions Used,
e) fesults, according to Clause 10;

f)  any deviation from this standard or any circumstances which may have affected the results.

© I1SO 2006 — All rights reserved 7
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Annex A
(informative)

Example of a CFA system for the determination of sulfate

pump,
reactio
reactio
reactio

1
R3 0.60
————» W2
G 0,60
3 5
R2 1,40
RS 0,32
G 0,60 |
W1 0,80
[ "
G 0,60
2
R1 1,00/1,20
S 0,32
W1 0,80
- 7

[

low rates-in’ml/min
h coil, length:70 cm, internal diameter: 1,5 mm
h coil,length: 135 cm, internal diameter: 1,5 mm

gt ADL

waste

ri |
TOUUIT, IUIIH
detector, optical path length: 10 mm, wavelength: 460 nm £+ 10 nm
ion-exchange column, length: 30 cm, internal diameter: 2,0 mm

air, flow rate: 0,60 ml/min
original sample, flow rate: 0,32 ml/min
sample after column treatment, flow rate: 0,32 ml/min

sulfate spiking solution (5.19), flow rate: 1,00 ml/min or 1,20 ml/min

. TOOCrtt 1

$ [P~ H 4 =4 £
TCTTTIar UrarmieteT.— T, J TTIrT

methylthymol blue solution (5.15), flow rate: 1,40 ml/min
sodium hydroxide solution (5.17), flow rate: 0,60 ml/min

de-bubbled reaction mixture transported to the waste, flow rate: 0,80 ml/min

air bubbles with a small amount of the reaction mixture

Figure A.1 — Determination of sulfate by CFA in the range 30 mg/l to 300 mg/l
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