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Introduction

Chromium may occur in water in the oxydation states’|li and Vi. The two
methods described determine total chromium jin’botH oxidation states,
either as acid soluble chromium or as soluble ‘chromilm, depending on
the sample pre-treatment. The method cho$en depends on the concen-
tration of chromium in the water to be examined.
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INTERNATIONAL STANDARD ISO 9174:1990(E)

Water quality — Determination of total chromium — Atomic
absorption spectrometric methods

Section 1: General

11 [Scope 1.2 Normative references

This lnternational Standard specifies two methods

for the determination of total chromium in water by

atomig absorption spectrometry. The two methods

are cqvered in separate sections as follows. The following standards contain provisions which,

Se)
ch
etn

ch
ab

ction 2. Method A — Determination of total
romium by flame atomic absorption spectroms=
v.

omium by electrothermal atomization atomic
orption spectrometry.

SeEtion 3: Method B — Determination of total

through reference in this text, cor
of this International Standard. At
cation, the editions indicated werg
ards are subject to revision,
agreements based on this Intern
are encouraged to investigate the
plying the most recent editions of
dicated below. Members of IEC &

stitute provisions
he time of publi-
e valid. All stand-
and parties to
ational Standard
possibility of ap-
the standards in-
nd iSO maintain

registers of currently valid Internafional Standards.

Methqgd A is applicable to the analysis of water and

waste| water when the concentration range is be- ISO 5667-2:1982. Water quality |— Sampling —
tween| 0,5 mg/l and 20 mg/l of chromium. When the Part 2: Gu::danc,e on samplcl?ng teychniques. Png
conceptration is below 0,5-mg/l the determination

can % carried out after_carefully evaporating an ISO 5667-3:1985, Water quality |— Sampling —
acidified sample to smallbulk, taking care to avoid Part 3: Guidance on the preservation and handling

the fo

IMPO
the ef
conce

For in

rmation of a précjpitate.

RTANT — The-use of evaporation will increase
ect of intetfering substances and therefore for
htrations below 0,1 mg/l method B is given.

erferences see clause 2.7.

of samples.

Method B is applicable to the analysis of water and

waste
tween

water when the concentration range is be-
5 pg/l and 100 pg/l of chromium by injecting

a sample volume of 20 ug/l. It is applicable to the
determination of higher concentrations by using a
smaller sample volume.

For interferences see clause 3.7.
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Section 2:

Methode A — Determination of total chromium by flame atomic

absorption spectrometry

2.1 Principle

The method is based on the atomic absorption
specirometric measurement of the chromium con-

tent of the acidified sample in a nitrous
oxide/acetylene flame. Measurement at a wave-
length of 3 iti

matrix interferences.

2.2 Reagents

All reagents shall be of recognized analytical grade.
Use deionized water or water distifled from an all
glass apparatus. The water used for blank determi-

Store this solution in either polyethylene or
borosilicate glass containers at room temperature.
The solution is stable at room temperature for
1 year if it is stored in the dark and has a pH be-
tween 1 and 2.

Chromium stock solutions are commercially

NOTE 1
available.

2.2.6.2 Chromium, standard solution| containing

50 pg of Cr per millilitre.

Pipette 50 ml of the chremium stofk solution

nations an
solutions s
negligible

trations to

2.2.1 Hydr
2.2.2 Nitrig

2,2.3 Nitric

Add 100 mi
and dilute t

2.24 Hydry

-for preparing reagenis and standard
hall have a chromium content that is
compared with the smallest concen-
e determined in the samples.

bchloric acid, p ~ 1,18 g/mi.
acld, p ~ 1,42 g/ml.

acld, ¢(HNO,;) = 1,5 mol/l.

of nitric acid (2.2.2) to 600 ml of water
b 1000 ml.

\

bgen peroxide, 30 % (m/m) sc;lution.

(2.2.6.1) into a 1000 ml_one-mark volun
Add 1 mi of nitric acid. (2.2.2), make up
with water and mix.
Store this solution

in eit\her polye

netric flask.
o the mark

thylene or

borosilicate glass containers at.room teémperature.

The ‘solutioh Nis stable at room. temp
1 month if\it is stored in the dark.

2.3 Apparatus

Ysual laboratory apparatus and

erature for

2.3.1 Atomic absorption spectrometey, equipped

with a chromium hollow cathode lamp a
oxide/acetylene burner, and operated 4
the manufacturer’s instructions.

CAUTION — It is essential that the ma
safety recommendations are strictly obs|

nd a nitrous
ccording to

ufacturer’s
rved when

2.2,5 Lanthanum chloride, {LaCl;),solution con-
taining 20 g|of La per litre.

Dissolve 28,5¢g of lanthanam oxide (Lay,Og), in
200 ml of {he hydrochloric’ acid (2.2.1), dilute to
1000 ml with water and-mix.

CAUTION Appropriate precautions must be ob-
served wheh preparing this solution because the re-
action of La,O,with HCI is strongly exothermic.

using the nitrous oxide/acetylene flame.

2.3.2 Glassware.

Before use carefully soak all glasswarg for 24 h in
the nitric acid (2.2.3) then rinse thoroughly with wa-
ter. ‘

IMPORTANT — Do not use glassware| which has
been cleaned with chromic acid.

2.2.6 - Chromium solutions

2.2.6.1 Chromium, solution

1,000 g of Cr per litre.

stock containing

Dry a portion of potassium dichromate (K,CryO7) at
105°C+2°C for 2h. Cool and dissolve
2,825 g + 0,001 g of the dried potassium dichromate
in water, add 5 ml of nitric acid (2.2.2) and dilute to
4000 ml with water in a one-mark volumetric flask.

1 ml of this standard solution contains 1,00 mg-of Cr,

2.3.3 Membrane filters, of nominal pore diameter
0,45 um, washed thoroughly with nitric acid (2.2.3)
and rinsed with water (see clause 2.2)..

24 Sampling and preparation of test
portions :

241 Collect samples in polyethylene or
borosilicate glass containers which have been pre-
viously cleaned with nitric acid (2.2.3) and then
rinsed with water.
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2.4.2 Acid-soluble chromium

24.21 Treat the samples by addition of sufficient
nitric acid (2.2.2), immediately after collection, to
adjust the pH value to between 1 and 2.

2.4.2.2 To 90 ml of the acidified sample, or another
suilable aliquot according to the expected concen-
tration, add 1 mi of hydrogen peroxide (2.2.4) and
1 mi of nitric acid (2.2.2). Boil and evaporate to a
volume of approximately 50 ml.

1SO 9174:1990(E)

of 0,5 mg/l, 1 mg/l, 2,5 mg/l, 5 mg/t and 10 mg/l re-
spectively.

2.5.3 Calibration

Set up the instrument according to the manufactur-
er’'s instructions (A = 357,9 nm) using a nitrous
oxide/acetylene flame.

Aspirate a calibration solution (2.5.2) and optimize
the aspiration, the burner height and flame condi-
tions. Adjust the response of the instrument to zero

IMPOR[TANT — It is essential that the sample is not
reducef to dryness.

2,4.2.3 [ Add 10 ml of the nitric acid (2.2.3) to the
evaporpted solution. Transfer the solution to a
100 ml|one-mark volumetric flask. Pipette 10 ml of
the lanthanum chloride solution (2.2.5) into the flask,
dilute fo the mark with water (see clause 2.2} and
mix.

2.4.3 Boluble chromium

2.4.3.1 | Filter the sample through a membrane filter
(2.3.3), |as soon as possible after collection, and
acidify | the filtrate immediately with nitric acid
{2.2.2) 1o give a pH between 1 and 2.

2.4.3.2 | Pipette 10 mi of the lanthanum chloride Gol-
ution {4.2.5) into a 100 ml one-mark volumetric_ flask
and mgke up to the mark with the acidified”filtrate
(2.4.3.1], or other suitable aliquot accokding to the
expected concentration, and mix.

2.5 Procedure

2.5.1 Blank test

Carry qut a blankdest in parallel with the determi-
nation by the same procedure and using the same
quantities of all-the reagents as in the sampling and
determination; but replacing the sample by water
(see clguse 2.2).

absorbance with water.

Aspirate the set of calibration-solutions (2.5.2) and,
as a zero member, the blapk solutipn (2.5.1). Plot a
graph having the chromium concentrations of the
calibration solutions in. milligrams |per litre as ab-
scissa and the corresponding absofbance values as
ordinate.

2.5.4 Test portion measuremert

Aspirate the prepared test portion (3.4.2 or 2.4.3) into
the.flame and measure the absorbance for chro-
mium. After each measurement asglirate water (see
clause 2.2) and re-adjust the zero iff necessary.

2.6 Expression of results

2.6.1 By reference to the calibration graph ob-
tained (see 2.5.3) determine the g¢oncentration of
chromium corresponding to the abgorbances of the
test portion (2.5.4) and of the blank {see 2.5.1).

Calculate the concentration of chromium, expressed

in milligrams per litre, of the sample using the for-
mula

100

p(Cr); — p(Cr)o x 7

where

p(Cr), is the chromium concentration, in milli-
grams per litre, corresponding to the

2.5.2 Preparation of the calibration solutions

Before each batch of determinations, prepare from
the chromium standard solution (2.2.6.2) at least five
calibration solutions covering the range -of concen-
trations to be determined as follows: pipette 1,00 ml,
- 2,50 mli, 5,00 ml, 10,00 m! and 20,00 mi of chromium
standard solution (2.2.6.2) into a series of 100 mi
one-mark volumetric flasks. Add to each flask 2 ml
of nitric acid {2.2.2) and 10 ml of lanthanum solution
(2.2.5), dilute to the mark with water and mix. These
solutions correspond to chromium concentrations

absorbance of the blank;

p(Cr), is the chromium concentration, in milli-
grams per litre, corresponding to the
absorbance of the test portion;

|4 is the volume, in millilitres, of the acidi-
fied sample taken for the analysis.

2.6.2 Precision

An inter-laboratory test carried out in January 1985
yielded the following data:
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:Z&ep:: t n o x x= ¥y o, VCr op VCR
Stand- Table 1
ardsol- 11 43 150 1464 975 0084 06 0798 55
ution Com.:en- Congen-
Water lon tration lon tration
with
added 14 56 20 208 1030 0053 26 0218 10,8 mg/l mg/l
concen-
tration Sulfate 10000 tron 500
Chloride 12000 Nickel 100
where Sodium 9000 | Copper 100
; ; Potassium 9000 Cobalt 100
/ is the number of laboratories; Magnesium 2000 Aluminium 100
PN , . \ L ar s Calcium 2000 Zinc 100
n S e qamuer— O Sampres— (Witnott
outliers); ’
) . , - The total dry residue of the watef)sample shall not
x5 |is the concentration of samples, in milli- exceed 15 g/l and the conductivity shquid be lower
grams per litre; than 20 mS/cm.
x is the overall mean, in milligrams per li-

Oy

Ve,

R

VCr

tre;

is the recovery rate, expressed as a per-
centage; ‘

is the repeatability standard deviation, in
milligrams per litre;

is the repeatability variation coefficient,
expressed as a percentage;

is the reproducibility standard deviation,
in milligrams per litre;

is the reproducibility variation coefficient;
expressed as a percentage.

2.7 Interferences

The follow]
to cause
trations.

ng ions have been tested and shown not
nterference below the indicated concen-

NOTE 2 The effect of possible interferg
determined by analysing samples spiked

nces may be
vith chromium

and various concentrations of the potenfial interfering

substance using theimethod of standard ad|

2.8 Test report

The test report shall contain the folloy
tion:

a) a reference to this International Sta
b) a reference to the method used;
c) complete identification of the sampl

d) any other information relevant to th:

tlitions.

ing informa-

ndard;

v

e procedure. ‘
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Section 3: Method B — Determination of total chromiurh by electrothermal
atomization atomic absorption spectrometry

3.1 Principle

Chromium is determined directly in acidified sam-
ples by electrothermal atomization atomic absorp-
tion spectrometry. The sample is injected into an
electrically heated graphite tube and the
absorbance is measured at a wavelength of

IMPORTANT — Because of the very low levels of
chromium being determined, it is important to take
particular care to avoid any contamination at all
stages of sampling and analysis.

3.5 Procedure

3579 nm. If necessary, the standard additions tech-
nique i$ employed.

3.2 Reagents

. 3.21 $ee clause 2.2.

3.2.2 Chromium, standard solution

containing
0.5 pug of Cr per millilitre. :
Pipette[ 10 ml of the chromium standard solution
{2.2.6.2)] into a 1000 mi one-mark volumetric flask.
Add 10[ml of nitric acid (2.2.2) and dilute to the mark
with water.

Store in a polyethylene bottle at room temperature.
This solution is stable for at least one month.

3.3 Apparatus

Usual laboratory apparatus and

3.3.1 Atomic absorption spectrometer, equipped
with an electrothermal atomizer,(chromium hollow
cathode¢ lamp and a suitable device for correction

. of non-gpecific absorbents.

3.3.2 Atomizer tubes.

These-will vary according to the instrument used but
shall bp pyrolytically. coated and - pre-conditioned
before |use according to the manufacturer’'s in-
structiops. :

NOTE 3 | tis permissible to use a L’'vov platform.

3.5.1 Blank test -

Carry out a blank test in parallel with the determi-
nation by the same procedure and|using the same
guantities of all the reagents as in the sampling and
determination, but replacing the test portion by wa-.
ter.

3.5.2 Preparation of the calibration solutions

Before{each batch of determinationls, prepare from
the chromium standard solution (3.2.2) at least five

.calibration solutions covering the range of concen-.

trations to be determined. Use as zero member the:

blank solution (see 3.5.1). The line
bration graph will depend on the ty
tation used, therefore check the

graph before use. If the calibration
significantly from linearity, use as 1
bration standard the one with the

tration on the linear portion of the ¢
and then adjust accordingly the cong
of the method.

For example, to cover the range bet
25 p/l of Cr, pipette 1 mil, 2 ml, 3 m
of chromium standard sotution (3.2,
one-mark volumetric flask, add 1 n
{2.2.2) 1o each flask. Dilute to the m

rity of the cali-
be of instrumen-
linearity of the

graph departs
he highest cali-
highest concen-
alibration curve,
tentration range

ween 5 pug/l and
, 4ml and 5 mi
P) into a 100 m!
i of nitric acid
ark with the wa-

ter and mix. These solutions contain 5 ug/l, 10 pg/l,

15 pg/l, 20 pg/l and 25 pug/l of Crre
pare these solutions immediately .be

3.5.3 Calibration and determinag

spectively. Pre-
fore use.

tion

3.3.3 Automatic sample injector or micro-syringe,
of appropriate volume.

For good precision an automatic sample injector is
required.

3.4 Sampling and preparation of test
portions

Follow the procedures described in clause 2.4 but
omit the lanthanum solution.

Set up the instrument according to
er’s instructions.

3.5.3.1 Direct measurement

the manufactur-

Inject into the atomizer tube (3.3.2) a volume of cal-
ibration solution ((3.5.2) sufficient to obtain a satis-
factory response on the instrument being used (see
note 1),

Using an autosampler or syringe (3.3.3) inject the
blank solution (see 3.5.1) and calibration solutions
(3.5.2). Measure the instrument’s response by using
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