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INTERNATIONAL STANDARD

1SO 9280:1990(E)

Water quality — Determination of sulfate — Gravimetric
method using barium chloride
1 Scope 3 Reagents

This Intefnational Standard specifies a gravimetric
method fgr the determination of sulfate in waterThe
method i$ applicable to the analysis of all-'types of
water, irlcluding sea water and most “industrial
effluents.|For information on potentially interfering
substancg¢s, see clause 8.

A sulfate|concentration (expressed as SOi’) in the
range of [10 mg/l to 5000 mg/l-Can be determined
using the|specified test porion (6.1). It is possible to
determing higher concentrations after dilution of the
laboratory sample.

The lowdr limit of detection (with nine degrees of
freedom)lis

802 [0 mg/!

Use only reagents of recognized amalytical grade
and only distilled water or water of eqfuivalent purity.
3.1 Hydrochloric acid, ¢(HCI)) = 6 mol/Il.

With care, mix 500 ml + 10 ml of concentrated
hydrochloric acid [p(HCl) = 1,18 g/thl] with water
and dilute to 1 litre in a measuring cylinder.

Store in a glass or polyethylene bottle. The solution
is stable indefinitely.

3.2 Barium chloride, dihydrate solutjon, 100 g/I.

WARNING — Barium chloride is poisonous and
harmful if swallowed.

2 Principle

Acidification of the sample with hydrochloric acid
followed by boiling with barium chloride solution for
at least 20 min to promote coagulation of the pre-
cipitate of barium sulfate. Filtration through a tared
sintered-glass crucible, washing the precipitate free
from chloride, drying at 105 °C and reweighing when
cool. The increase in mass of the crucible is due to
the barium sulfate precipitate formed by reaction of
barium with sulfate ions in the sample.

Dissolve 100 g + 1 g of barium chloride dihydrate
(BaCl,.2H,0) in about 800 ml of water, warming the
mixture to aid dissolution. Cool the solution and di-
lute to 1 litre with water in a measuring cylinder.

Store in a glass or polyethylene bottle. The solution
is stable indefinitely.

3.3 Sodium hydroxide solution,
c¢(NaOH) = 5 mol/l.

WARNING — Sodium hydroxide solution is hazard-
ous on contact with skin and eyes.
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Dissolve 20,0 g of sodium hydroxide in 100,0 m! of
water, whilst stirring.

Store in a polyethylene bottle.

3.4 Methyl orange, indicator solution, about 1 g/I.

Dissolve 100 mg of methyl orange in about 50 ml of
water, warming the mixture to aid dissolution. Cool
the solution and dilute to 100 m! with water in a
measuring cylinder.

NOTE 1  Samples low in organic matter may be kept for
longer periods, but tests should be carried out to ensure
that samples are sufficiently stable.

5.2 Preparation of test sample

For the determination of sulfate in solution allow any
suspended solids to settle prior to withdrawing the
test portion (6.1). Alternatively, filter the laboratory
sample through a fine porosity, ashless filter paper
in order to prepare a test sample.

Store in a glass-ar polyethylene bhottle The solution
is stable indefirnitely.

3.5 Silver nitrate solution, about 0,1 mol/l.

Dissolve 17 g i 1 g of silver nitrate, AgNO,, in
about 800 ml ¢f water and dilute to 1 litre in a
measuring cylinider.

Store in an amber glass bottle. The solution is stable
indefinitely if prptected from light.

3.6 Ethanol, ¢,H;OH, or rectified spirit (95 %
ethanol, 5 % mEgthanol).

3.7 Sodium chjoride solution, 100 g/I.

Dissolve 10,0 g
in about 100 ml

Store in a glasyg

+ 0,1 g of sodium chloride, NaCl,
of water.

or polyethylene bottle.

3.8 Sodium carbonate, Na,CO,, anhydrous.

4 Apparatusg

41 Sintered-glass crucibles, of Capacity about
30 ml, porosity yalue of 4.

4.2 Buchner flask, equipped.with safety guard for
vacuum filtratiop.

4.3 Analytical |balance; capable of weighing to at
least 0,0002 g.

6 Procedure

6.1 Test portion

The test portion volume shallhe between 10 ml and
200 ml and shall contain pot-more than %0 mg of
sulfate ions. Using a pipette/ withdraw the ftest por-
tion from the settled test\sample (see 5.2).

NOTE 2 For shaken test samples containing large
amounts of suspénded solids it may be necgssary to
measure the testgportion in a measuring cylindet, but with
a likely consequent decrease in the accuracy 4nd preci-
sion of the method.

6.2 Pretreatment

6,21 Measure the test portion (6.1) into & 500 mi
beaker and add 2 drops of methyl orange |ndicator
(3.4). Neutralize the test portion with hydtrochloric
acid (3.1) or sodium hydroxide solution {3.3) de-
pending on the initial pH. Add 2 ml + 0|2 ml of
hydrochloric acid and then, if necessary, agd water
to bring the total volume in the bepker to
200 ml + 20 ml. Boil the contents of the bgaker for
at least 5 min.

If the solution is clear after boiling, proceed to 6.3.
If insoluble material is present, filter the ho{ mixture
through a fine porosity, ashless filter paper and
wash the filter piper with a small amount of hot wa-
ter, combining the washing with the filtrate. [Transfer
the solution quantitatively to a 500 ml begker and
proceed to 6.3.

4.4 Platinum evaporating dish, of capacity 250 ml.

5 Sampling and sample preparation

5.1 Sampling

Collect samples in glass or polyethylene bottles and
analyze on the day of collection or store at 2 °C to
5 °C for not more than one week.

Fill the sample bottles completely to exclude air and
thus eliminate the risk of oxidation of sampies con-
taining sulfide or sulfite.

6.2.2 If it 1s suspected that the insoluble material
retained by the filter paper contains insoluble sulfate
and it is desired to include this in the final result,
retain the filter paper and carry out the procedure
given in 9.2,

6.2.3 If silica is present in the test portion at con-
centrations likely to interfere (see clause 8), follow
the pretreatment method given in 9.1.

6.2.4 If organic substances are present in the test
portion at concentrations likely to interfere (see
clause 8), follow the pretreatment method given
in 9.1.
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6.3 Precipitation

Boil the solution produced at the end of the pre-
treatment (6.2) and slowly add, using a pipette,
10 ml + 1 ml of hot (about 80 °C) barium chloride
solution (3.2). Heat the solution for at least 1 h, cover
and allow to cool and stand overnight at
50 °C + 10 °C.

NOTE 3  Slow addition of the hot barium chloride re-
duces the possibility of coprecipitation. Subsequent heat-
ing aids coagulation of the precipitate and renders it more
crystalline, T Tpitatt

6.4 Filtration

6.4.1 Pro¢

Dry a sint
105 °C for

Accurately

redure

ered-glass crucible (4.1) by heating it to
1 h and let it cool in a desiccator.

weigh the crucible (to the nearest

0,0002 g) and then fit it on a Buchner flask (4.2). Fil-

ter the p
rubber-tipy
remaining

recipitate using gentle suction. Use a
ed glass rod to dislodge any precipitate
in the beaker and rinse with cold water

into the cryicible. Wash the precipitate in the crucible

with chlori

6.4.2 Test

Collect ab
beaker co
ution (3.5)
hence the
chloride,
turbidity is

remains on

He-free cold water.

for chloride in the washings

but 5 mli of the filirate from 6.4.1 in a small
nhtaining about 5 ml of silver nitrate sol-
To ascertain whether the-washings and
barium sulfate precipitate are free from

6.5 Dryi

ISO 9280:1990(E)

6.6 Blank test

For a check of crucibles to be used in the test follow
a procedure identical to that given in 6.3 to 6.5, but
using 200 ml + 20 ml of water.

Subtract the crucible mass recorded before filtration
as in 6.4 from that recorded after filtration as in 6.5
to obtain the blank mass in grams.

NOTE 6 If filtration is necessary during sample pre-
treatment (6.2), the portion of water used in the blank test
i i rond paragraph
of 6.2.1, unless previous tests have demor|strated that no
contribution to the blank arises from-filtratjon.

7 Expression of resuits

7.1 Calculation

Calculate the/mass of barium sulfate in the test
sample, mgin)grams, from the followinjg equation:

M =11, — My — My -
where

mov is the blank mass, in granps, calculated
in 6.6;

my is the crucible mass, in grgms, recorded
in 6.4;

n, is the crucible mass, in grgms, recorded
in 6.5.

Calculate the sulfate concentration, jn milligrams
per litre as SOf ~ from the following equation:

m x 1000 x 0,4116

bbserve the mixturesand check that no .2
formed. Otherwise\continue washing. v
NOTE 4 I} is also impartant to check that no chloride where
the rim of the~underside of the crucible. . . -
m is the mass of barium slifate precipi-
tate, in grams;
. Vv is the test portion volume, in milliti-
ng-and weighing tres (see 6.1):
Remove the crucible and dry it at 105 °C 4+ 2 °C for 0,411 6 is the gravimetric factor.

about 1 h. Transfer the crucible to a desiccator and
weigh it when it has cooled to room temperature so
that the mass is accurately known. Return the
crucible to the drying oven for a further 10 min and
repeat the cooling and weighing. Provided that the
second mass differs by not more than 0,0002 g from
the first, record the second mass. Otherwise repeat
the drying, cooling and weighing until two succes-
sive masses do not differ by more than 0,0002 g.

NOTE 5 Shorter drying periods may be obtained if the
precipitate is washed with three 5 ml portions of ethanol
(3.6).

Table 1 — Conversion factors for other units
of concentration (c)

S02- | ¢(S0%7) | Sulfurs

mg/| mmol/| mg/I
$02- = 1 mg/l 1 0,010 41 0,3338
¢($02-) = 1 mmol/I 96,06 1 32,06
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7.2 Precision

Repeatability
ations have be

and reproducibility standard devi-

en determined as shown in table 2.

Table 2 — Repeatability and reproducibility

standard deviations

8 Interferences

Sulfide and sulfite could interfere if samples are un-
duly exposed to air causing oxidation to sulfate to
occur before analysis. Otherwise, any sulfides and
sulfites present at the beginning of the analysis are
removed as hydrogen sulfide and sulfur dioxide
gases respectively, by boiling during pretreatment
(6.2).

Organic compounds present in substantial amounts

(f\n C)\dlllp:c a Ddlll)J:U with—= permanganpte index
> 30 mg/l O,) may interfere by absorptign or co-
precipitation. . Follow the procedure’ given in
clause 9 to overcome this difficulty.

Amounts in the test portion (6:1)Jof other jnorganic
ions, below which no interferehce is likely, @re given
in table 3.

9 Special cases

9.1 Removal of organic compounds

Measure“the test portion (6.1) into a platinpm evap-
orating dish (4.4) and add two drops of methyl or-
apge indicator (3.4).

Neutralize the test portion with hydrochloric acid
(3.1) or sodium hydroxide (3.3) according {o the ini-
tial pH and then add 2,0 ml of hydrochlgric acid.
Evaporate almost to dryness on a water [bath and
then add five drops of sodium chloride solytion (3.7)
to the remaining liquid. Evaporate to |complete
dryness and then heat the dish to a dull|red heat
(about 700 °C) over a bunsen flame or in| a muffle
furnace to form an ash.

Allow to cool and then moisten the ash with about
10 ml of water. Add five drops of hydrochloric acid
(3.1) and evaporate to dryness on a water bjath. Then
allow to cool slightly, add 3 ml + 1 ml of \Fater and
warm the mixture in the basin to near boiling point.
Then proceed as described in 6.2, beginping with

“... filter the hot mixture...” in the second paragraph
of 621

Test Sulfate
portion | concen- o, Cv, OR CVp
Sample | volume tration
mi mg/| mg/I| % mg/I %
1 200 50 3,3
2 20 210 3,3 1,6 6,9 3,3
3 20 583 8,4 1.4 12,9 21
4 20 1160 9,3 0,8 11,6 1,0
5 20 1 500 21,3
6 20 5 000 28,4
where
o, is the repeatability standard deviation;
Cv, is thhe repeatability variation coefficient;
OR is the reproducibility standard deviation;
CVy is the reproducibility variation coefficient.
1,56,6: Standafd solutions, data from United Kingdom, one
laboratgry, nine degrees of freedom.
2: Data frgm Germany, F.R., 10 laboratories, 37 degrees
of freeqom.
3: Data frgm Germany, F.R., 10 laboratories,/35 degrees
of freeqom.
4: Data frpm Germany, F.R., 9 laboratories, 32 degrees
of freedom. )
Table 3">- Tolerance to other ions
Maximum mass
in the test
lons Expressed as portion
mg
Chromate CroZ- 10
Phosphate PO2- 10
Nitrate NO2- 100
Silicate Siog‘ 2,5
Calcium Ca?*t 100
Iron(Ill) Fe3+ 50

9.2 Determination of sulfate in insoluble
material

9.2.1 Place the filter paper from 6.2.2 in a platinum
dish (4.4) covered with a lid and either heat over a
low bunsen flame or place it in a muffle furnace at
room temperature and bring the muffle furnace up
to a temperature of 500 °C to burn off the paper. Mix
the ignited residue with 4 g + 0,1 g of anhydrous
sodium carbonate (3.8) and heat strongly to fuse the
mixture, maintaining it in a melted state for 15 min.
Allow to cool.
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