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INTERNATIONAL STANDARD

1SO 6332-1982 (E)

Water analysis — Determination of iron —

1.10-phenanthroline photometric method

1 Scopé¢ and field of application

This Internptional Standard specifies a 1,10-phenanthroline
photometri¢ method for the determination of iron in water and
waste watef. Procedures are described for the determination of
total iron, tgtal acid soluble iron, total dissolved iron and, if re-
quired, acid soluble and dissolved iron{ll) and iron(lil}.

The method is applicable to the determination of iron concen-
trations between 0,01 and 5 mg/l. Iron concentrations above
5 mg/| may|be determined after suitable dilution of the sample.

2 Referpnce

1SO 5667/1| Water quality —-~Sampling — Part 1: Guidance
on the design of sampling programmes.

3 Princ plén

The irori(ll-1,10-phenanthroline complex' is| stable in the
pH range’/from 2,5 to 9 and the intensity of the colour is pro-
portional to the amount of iron(ll} preseni. The relation-
ship between concentration and absorbance |s linear up to a
concentration of 5,0 mg of iron per litre. Maxinpum absorbance
occurs at about 510 nm [molar absorption coefficient
11 x 108 [/{mol.cm)].

4 Reagents
Use only reagents of recognized analytical grade.

The water used shall have as low an iron doncentration as
possible; a measurable iron concentration in|the reagents is
permissible provided that the lowest concentration to be deter-
mined is at least three times the standard deviation of the
predetermined results of blank tests. Deionized water or water
distilied from an ali-glass apparatus has begn found to be
suitable.

4.1 Acetate buffer.

Dissolve 40 g of ammonium acetate (CH3COQNH,) and 50 mi

Addition of 1,10-phenanthroline solution to a test portion and
photometric measurement of the orange-red complex at a
wavelength of about 510 nm.

If determining total iron, total acid soluble iron and total
dissolved iron, hydroxylammonium chloride is added to reduce
iron(lll) to iron{ll). If undissolved iron, iron oxides or iron com-
plexes are present, pretreatment is necessary to bring such
compounds into solution.

of 3 =1; i} in water and

dilute to 100 mi with water.

4.2 Di-isopropyl ether [(CH3), CH — O — CH (CHg),l.
(o = 0,72 g/ml), alcohol free, boiling point between 67 and
69 °C.

4.3 Hydrochloric acid solution, ¢ = 1,125 g/ml,
c¢(HCl) = 7,7 mol/I.

1) For possible sources of interference and methods for their removal, see 7.2.1.2 and clause 10.
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4.4 . Hydroxylammonium chioride, 100g/I solution.

Dissolve 10 g of hydroxylammonium chloride (NH,OH.HCI) in
water and dilute to 100 ml.

This solution is

4.5 Nitric aci

stable for at least 1 week.

d, concentrated, ¢ = 1,40 g/ml.

4.6 1,10-phenanthroline solution.

tiometer, fitted with a narrow band pass optical filter having
maximum transmission in the region of 510 nm.

5.2 Photometric cells, of optical path length at least 10 mm
and appropriate to the expected absorbance of the test solu-
tion.

NOTE - Cells of longer optical path length are preferable for determin-
ing iron concentrations less than 1,0 mg/I.

5.3 Membrane filter, average pore size 0,45 pm.

Dissolve 0,59
hydrate) (C12Hs

Alternatively,
hydrate (C,,Hg
of hydrochloric

This solution is

of - 1,10-phenanthrolinium chloride (mono-
CIN,-H,0) in water and dilute to 100 ml.

Hissolve 0,42 g 1,10-phenanthroline mono-
N,-H,0) in 100 mi of water containing 2 drops
acid (3.3}.

stable for 1 week if stored in the dark.

4.7 Potassiuin peroxodisulphate, 40 g/l solution.

Dissolve 4 g of
and dilute to 10|

botassium peroxodisuiphate (KoS,0g) in water
D ml.

This solution ig stable for several weeks if stored at room

temperature in

4.8 lron, star
per litre.

Weigh 50,0 mg
voiumetric flask
acid solution (4
make up to the

h dark glass bottle.

dard solution corresponding to 0,10 g of iron

of iron wire (purity 99,99 %) into a 500(ml
Add 20 ml of water, 5 mi of the hydrochloric
.3),.and warm gently to dissolve. Cool; and
mark with water.

1 ml of this stapdard solution contains 0,10 mgof iron.

This solution is
glass or plastics

itable for at least 1 month-if-stored in a resistant
bottle.

Commercial irof standard solutions may be used.

4.9 Sulphurid

t acid, -="1,84 g/mi.

4.10 Sulphuiic acid solution, ¢(1/2 H,S0,) = 4,5 mol/l.

6 Sampling and preparation of'test [amples

WARNING — Appropriate safety-precautions shall be
taken when acidifying samples_due to the pgssibility of
release of toxic gases.

6.1 Sample

Take the sample .in{accordance with ISO 5667/1 and any
specific recommendations for the type of water undler examina-
tion. Appropriate containers such as polyethylgne shall be
used.

6.2 «Total iron

Acidify the sample immediately after coliection jto pH 1. In
general, 1 ml of concentrated sulphuric acid (4.9)|is sufficient
for 100 mi of sample. If necessary, adjust the pH by addition of
dilute sulphuric acid {4.10) and take into account any dilution in
the final calculations.

6.3 Total acid soluble iron and acid soluble iron(il)

Filter the acidified sample (6.2) through the membrane filter
(5.3).

If it is intended to determine iron(ll), this filtration should be
carried out under an inert atmosphere, for examplg nitrogen or
carbon dioxide, in order to exclude as much air as possible and
thus to prevent oxidation of the iron(ll).

Fill a glass sample bottle with the filtrate and continue until at
least five times the volume has overflowed. Immegliately close
the bottle with a tightly fitting glass stopper. '

Add slowly and

with vigorous stirring 1 volume of concentrated

sulphuric acid (4.9) to 3 volumes of water while cooling.

5 Apparatus

All glassware, including sample containers, shall-be washed
with hydrochloric acid and rinsed with water before use.

Usual laboratory equipment, and

5.1 Spectrophotometer, prism or grating type, suitable for
making measurements at 510 nm; or photoelectric absorp-

6.4 Total dissolved iron
To separate dissolved iron from undissolved iron, filter the sam-

ple {6.1) immediately after collection through a membrane filter
(5.3) and then acidify to pH 1 (see 6.2).

7 Procedure

7.1 Test portion

Take, as the test portion, 50,0 ml of the acidified test sample
{clause 6). ; :
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7.2 . Preparation of test solution

7.2.1 Total iron

If undissolved iron, iron oxides or iron complexes are present
transfer the test portion (7.1} to a 100 ml boiling flask and carry
out the following pretreatment.

7.2.1.1 Oxidation

Add 5 ml of potassium peroxodlsulphate solution (4.7) and
gently boil 3 0-m
fall below apout 20 ml. Then cool and transfer rt to a one-mark
volumetric flask of capacity 50 ml and make up to the mark
with water.

NOTE — Alfernatively, the mixture may be autoclaved in a 100 ml
closed bottle|for 30 min, then cooled and diluted to 100 ml. This dilu-
tion should He taken into account in calculating the result by multiply-
ing by a factpr of 2.

If the solutipn is turbid after oxidation and before dilution, filter
it immediately through the membrane filter (5.3) into the
volumetric flask. Rinse the filter with a small amount of water
adding the jwashings to the filtrate and make up to the mark
with water.

7.2.1.2 Rdmoval of interferences

If removal df interferences is necessary (see clause 10) proceed
as follows ;|

Transfer expctly 10 ml of the oxidized solution(7.2.1.1) tosa
100 ml separating funnel and add 15 ml of hydrochloric acid
solution (4.8). Cool and extract three times with ,25,°10 and
10 mi portigns respectively of di-isopropyl ether (4.2)..Combine
the ether ghases in a second separating funnel ‘and extract
twice with 5 and 10 ml portions respectively.of water. Com-
bine the afjueous extracts and heat cautiously to remove
residual etHer. Cool, add 0,6 ml of sulphuric acid (4.10) and
dilute to 50|ml with water.

7.2.1.3 Rgduction to iron(ll)

Transfer th¢ whole of the-solution from 7.2.1.1 or 7.2.1.2 to a
100 ml flask and add ¥ ml'of hydroxylammonium chloride solu-
tion (4.4) and mix thoroughly. Then add 2 ml of acetate buffer
(4.1) to bring the pH to between 3,5 and 5,5, preferably 4,5.

1ISO 6332-1982 (E)

7.2.4 Acid soluble iron{lil) and dissolved iron(llI)

The concentration of acid soluble iron{lll} or dissolved. iron{lIl)
is derived from the difference between the appropriate concen-
tration of iron determined in 7.2.2 and the appropriate concen-
tration of iron(ll} determined in 7.2.3.

7.3 Blank test

Prepare a blank test solution using exactly the same procedure
as for the test sample but replacing the 50 ml of test portion

7.4 Calibration

7.4.1 Preparation of reference solutions

Prepare a series of iron reference solutions to over a range of
concentrations appropriate to the expected irdn concentration
of the test sample by transferring appropriate agcurately known
volumes of the iron standard solution (4.8) to|a series of one-
mark volumetric flasks each of capacity 50 m|. Add 0,5 ml of
dilute sulphuricacid (4.10) to each flask and [make up to the
mark with water.

Treat a.series of iron reference solutions in a slmilar fashion to
a

the test solutions, according to the appropriate procedure for
each form of iron to be determined (see 7.2).

7.4.2 Formation of the absorbing compotind

Add 2 mi of 1,10-phenanthroline solution {4.6) [to each solution
(7.4.1) and place them in the dark for 15 min.

7.4.3 Photometric measurements
Measure the absorbance of the solutions fron) 7.4.2 using the
spectrophotometer or the absorptiometer (5.1)|at 510 nm using
water in the reference cell.

7.4.4 Plotting the calibration graphs

For each series of calibration solutions prepgre a calibration

at pH 1. The buffer solutron should therefore be added Iast

7.2.2 Total acid soluble iron and total dissolved iron

Treat the test sample from either 6.2 or 6.3 according to the
procedure described in 7.2.1. If the sample is known to contain
only iron in the form of iron{lll} the oxidation step may be omit-
ted.

7.2.3 Acid soluble iron{ll) and dissolved iron(il)

Transfer the test portion (7.1) to a 100 ml flask, add 2 ml of
acetate buffer and mix thoroughly. The pH of the mixture
should be between 3,5 and 5,5, preferebly 4,5,

length of ceII

745 Freqtlency of calibration

Check the calibration periodically and especially for each new
batch of reagents.

7.5 Determination
7.5.1 .Formation of the absorbing compound
To both the test solution (7.2) and the blank test solution (7.3),

add 2 ml of 1,10-phenanthroline solution {4.6) and piace in the
dark for 15 min. '
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