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Soil quality — Determination of water-soluble and
acid-saluble sulfate

1.1 S¢

This Intq
the prep
soils ang
these ex
in which
extract 3

cope

rnational Standard specifies procedures for
hration of water and acid extracts of air-dried
soil-like materials. The sulfate content of
tracts is determined by a gravimetric method
barium chloride is added to the water or acid
nd the precipitate of barium sulfate is dried

and weighed. The sulfate content is then calculated

from the
the masj

This Intqg
of air-dri
ISO 114

This In
sections

Secti

Secti
natiof

mass of the material used in the analysis and
of barium sulfate precipitated.

rnational Standard is applicable to all types
d soils, for example pretréated according to

4.
ernational Standard” consists of seven
n 1: General

bn 2: Pretreatment of samples and determi-
of dry matter contents

Section 1:

General

1.2 Normative references

The folloswing standards contain pro
through reference in this text, constit
of»this International Standard. At the
cation, the editions indicated were valid
are subject to revision, and parties t
based on this International Standard a
to investigate the possibility of applyin
cent editions of the standards ind
Members of IEC and ISO maintain re
rently valid International Standards.

ISO 3696:1987, Water for analytical labj
Specification and test methods.

ISO 9280:1990, Water quality — De
sulfate — Gravimetric method using ba

ISO 11464:1994, Soil quality — Pretreg
ples for physico-chemical analyses.

ISO 11465:1993, Soil quality — Deterr
matter and water content on a m

isions which,
ute provisions
time of publi-
. All standards
b agreements
e encouraged
j the most re-
cated below.
pisters of cur-

oratory use —
ermination of
rium chloride.

tment of sam-

hination of dry
ass basis —

VATV 1 Py NP
gravinrieticThiet1oa:

Section 3: Extraction of soil with water at a

mass

:volume ratio of 1 soil:5 water

Section 4: Extraction of soil with water at a
mass:volume ratio of 1 soil:2 water

" Section 5: Extraction of soil with dilute hydro-
chloric acid

Section 6: Determination of sulfate in solution by
a gravimetric method using barium chloride

Section 7: Precision of method and test report

1.3 Principle

Samples of air-dried soil are extracted with:

— dilute hydrochloric acid; or

— water in a mass:volume ratio of soil:water of 1:2

or 1:5.

The sulfate content of these extracts

is determined

by a gravimetric method in which barium chloride is
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added to the water or acid extract and the precipitate
of barium sulfate is dried and weighed. The sulfate
content is then calculated from the mass of soil used
in the analysis and the mass of barium sulfate pre-

Ainitatad
LCipiwailcu.

Section 6 is similar to ISO 9280.

It is recognized that other acceptable methods for the
determination of sulfate are available but these are
not covered by this International Standard. Suitable
methods may include: direct barium fn‘nmnfr\/ mnduc-

© |SO

In most instances, complete characterization of a soil,
in terms of the concentrations and nature of suifates
present, will require that determinations are made
following the procedure in section 5 and in either
nnnnnn ~Ar oan~t ~e s e~

bcbllull o (0] ] QULLIUII ‘-l» OI UULII WIIlbIIBVUI Ib UIU more
appropriate for the purpose of investigation of the soil.

o
of including agricultural soils and materials

from polluted sites. However, no method can be ex-
pected to be universally applicable, and users must

vauiT, i uST

tively coupled|plasma emission spectrometry, flow
injection analysis using a turbidimetric method, con-
tinuous flow| indirect spectrophotometry using
2-aminoperimidine, air-segmented continuous flow
colorimetry using methylthymol blue, and ion chro-
matography. Reference should be made to the ap-
propriate international and national standards for
information regarding the applicability and limitations
of such metho(ls.

1.4 Applicability and limitations

The procedure$ in sections 3 and 4 are considered to
be relevant to the extraction of sulfate from soils and
may be relevant to the assessment of the
"availability” ¢f sulfate to plants (a variety of
extractants havie been used for this purpose and none
were shown to|be generally applicable to all soil types
and climates). [t should be noted that there is no ver-
ified relation between water-extractable sulfate and
the need for sylfur fertilization. The procedure in(sec-
tion 4 is also relevant to the potential for the ‘attack
of sulfates on huilding materials, especially-Goncrete.

The use of the|procedures described_ in‘sections 4, 5
and 6 should enable a distinction tobe-made between
the presence pf sulfates that are.-highly soluble in
water and those of limited solUhility such as gypsum
(CaSO,-2H,0).

Section 6 is applicable_te concentrations of sulfate ion
lSOi') in solutipn of $0>mg/l and above, i.e. in relation
to the methods~in sectlons 3 and 4 to mlnrmum
water-soluble
50 mg/kg and

[0,005 % (m/m) and
0,002 % (m/m)] respectively and, in relation to the
method in section 5, to a minimum acid-soluble con-
centration in air-dried soil of about 500 mg/kg
[0,05 % (m/m)].

20 mg/kg

If concentrations in solution are lower than this, a
concentration step will be required, or a more sensi-
tive analytical procedure than that described in section
6 should be used [e.g. ion chromatography, induc-
tively coupled plasma (ICP) spectrometry or atomic
emission spectrometry (AES)].

recognize this fact and be prepared to deal fvith the
analytical difficulties that may sometimes’|be en-
countered. Soils containing sulfides may-require spe-
cial attention (see note 7 to 5.1).

“Soils” from some polluted sites, Tor example former
gasworks sites and coiliery-spoii tips, may cpntain a
variety of sulfur species (e.g-elemental sulfursulfate,
sulfite, thiosulfate, thiocyanate) that may b trans-
formed from one to dnother under changing ghemical
conditions and/orfmicrobial action. The presence of
other ions may) affect solubilities. Thus, in these cir-
cumstancesy particular care may be required|in sam-
ple handling-and preparation, and in the intergretation
of the results.

Thelimitations of the method in section 6, ih terms
of acceptable concentrations of other ions, |are de-
fined.

The tests described are strictly empirical ahd thus
cannot be considered to measure the true| sulfate
content in soil, although reproducibility shpuld be
good.

Because of the limited solubility of some sulfates (e.g.
calcium sulfate) and possible interferences from other
ions, a single extraction following the procedure de-
scribed in section 3 may not give a true measure of
the “total water extractable” sulfate. This potential
problem can be tackled either by repeating|the ex-
traction one or more times on the same saf

which will enhance the solubility of the sulfates pres-
ent, but such procedures are beyond the scope of this
International Standard.

If calcium is the only cation present, sulfate ion in
solution will not exceed 1 441 mg SOE"/I at 20 °C.
This means that the maximum amount of sulfate that
can be extracted from such a soul by the procedure in
section 3 is about 7 205 mg SO “/kg (10 g soil:560 ml
water) and b}/ the procedure in section 4 is about

2 882 mg SO, /kg (50 g soil:100 m! water).
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Section 2: Pretreatment of samples and determination of dry matter
contents

2.1 Scope

In this section, procedures are described for the
preparation of air-dried test samples for use in the
extraction procedures described in sections 3 to 5 of

Mill this fraction to pass a 250 pm sieve.

Subdivide the sample by successive riffling to ob-
tain a test sample weighing approximately 10 g
(additional test samples can be taken at this stage

this Inte[mationat-Standarda:

2.2 Determination of dry matter content

Determipe the dry matter content of the field-moist
and air-dried materials in accordance with ISO 11465,
but at al temperature not exceeding 75 °C to 80 °C
(there is|a danger if gypsum is present that water of
crystallization will be lost at higher temperatures).

2.3 Preparation of soil samples for
extraction with water in the mass:volume
ratio 1[soil:5 water, or for extraction with
dilute acid

2.3.1 Apparatus

The follgwing items of apparatus, additional to those
specified in 1SO 11465, allow the preparation of a
single test sample.

2.3.1.1 |Desiccator, containing-anhydrous silica gel.

2.3.1.2 |Glass container, capable of holding ap-
proximately 10 g of seil and fitted with a ground glass
stopper.

2.3.2 PRreparation of test sample

It A TR
LERASAT \* LAV )

Place the test sample in a suitable
(2.3.1.2) and dry at a temperature of
40 °C. The test sample_shall be degd
when the differences. in) successivs
intervals of 4 h do net exceed 0,1
test sample.

Allow the test sample(s) to cool i
(2.3.1.1%

NOTES

1 s assumed that any material retaing
1ést sieve will not contain sulfates. This i
but certain soils may contain lumps of gyd
2 mm in diameter and in such cases the gy
removed by hand, crushed to pass a 2 mn
incorporated into the fraction passing the s

2 Other suitable mechanical sample divide
instead of the riffle boxes, provided that the
for the sizes and gradings of the samples
or, alternatively, manual coning and quarteri

hlass container
not more than
med to be dry
b weighings at
% (m/m) of the

n a desiccator

d on the 2 mm
5 generally true,
sum larger than
psum should be
h test sieve and
eve.

rs may be used
r size is suitable
to be obtained,
hg may be used.

2.4 Preparation of soil sampl
extraction with water in the
ratio of 1 soil:2 water

2.41 Apparatus

The following items of apparatus, addi

s for
ass:volume

tional to those

Prepare each test sample for analysis from the lab-
oratory sample as follows.

Dry and prepare a laboratory sample passing a

-2 mm sieve of sufficient size, for all the tests to
be performed following the procedures described
in ISO 11464.

Divide the material passing the 2 mm sieve by
successive riffling or another approved means (see
ISO 11464) to produce a sample weighing ap-
proximately 100 g.

0. M S~ 1ICO 11 A0 i bl
SPCLMCUTT ToU T TH09, anovy e PT

single test sample:

2.4.1.1 Desiccator, containing anhydr

cparation of a

ous silica gel.

2.41.2 Glass container, capable of holding ap-
proximately 125 g of soil and fitted with a ground

glass stopper.

2.41.3 Glass container, capable of holding ap-
proximately 50 g of soil and fitted with a ground glass
stopper.
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2.4.2 Preparation of air-dried soil test
sample

Prepare each test sample for analysis from the lab-
oratory sample as follows.

Dry and prepare a laboratory sample passing a 2 mm
sieve of sufficient size, for all the tests to be per-
formed following the procedures described in
ISO 11464.

© 1SO

Place the test sample in a suitable glass container
(2.4.1.3) and dry at a temperature of not more than
40 °C. The test sample shall be deemed to be dry
when the differences in successive weighings at in-
tervals of 4 h do not exceed 0,1 % (m/m) of the test
sample.

Allow the test sample(s) to cool in a desiccator
(2.4.1.1).

NOTES

Divide the maferial passing the 2 mm sieve by suc-
cessive riffling to produce a sample weighing ap-
proximately 12p g.

Mill this fractioh to pass a 250 um sieve.
Subdivide the gsample by successive riffling to obtain

a test sample Weighing approximately 50 g (additional
test samples can be taken at this stage if required).

3 It is assumed that any material retained on t!ve 2 mm
test sieve will not contain sulfates. This is genefally true,
but certain soils may contain lumps of gypsum lafger than
2 mm in diameter and in such cases the)gypsum ghould be
removed by hand, crushed to pass a _24nm test gieve and
incorporated into the fraction passing-the sieve.

4 Other suitable mechanical(sample dividers may] be used
instead of the riffle boxes, Proyided that their size i$ suitable
for the sizes and gradings of the samples to be pbtained,
or, alternatively, manual‘eoning and quartering may|be used.
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Section 3:

ISO 1

1 soil:5 water

3.1 Principle

A procedure is described for the determination of the
water-soluble sulfate content of soil, for which a 1
part by mass soil:5 parts by volume water extract is

3.2.2.6 Length of rubber tubing, to
pump and filter flask.

1048:1995(E)

Extraction of soil with water at a mass:volume ratio of

fit the vacuum

3.2.2.7 Mechanical shaker or stirrer, capable of

keeping 10 g of soil in continuous

suspension in

first prepared:

Determipation of sulfate ions in solution is sub-
sequently made using the gravimetric method de-
scribed in section 6 of this International Standard.

NOTE & | If calcium is the only cation present, the sulfate
content |of the aqueous extract will not exceed
1 441 mg SO?{/I at 20 °C. Sulfate contents in excess of this
figure in [the soil-water extract, or in the groundwater, as
determingd in this test, therefore indicate the presence of
other mole soluble sulfate salts.

3.2 Preparation of 1:5 water extract

3.2.1 Reagent

The follpwing reagent is required for preparing the
water ejtract.

3.2.1.1 |Distilled water or water of equivalent pu-
rity, in gccordance with grade 3 of ISO 36986.

3.2.2 Apparatus

The follpwing items of apparatus' are required for
preparing the water-soluble- sulfate extract from a
single telst sample.

3.2.2.1 |Extraction bottle, of capacity approximately
100 mi.
3.2.2.2 |Buchner funnel, of diameter about
100 mm

=0 1 £ b
SU THHOT vWdlct.

3.2.2.8 Balance, capable of weighing
of 0,001 g.

3.2.3 Preparation of air-dried so
sample

Prepare an airdried test sample follg

to an accuracy

| test

wing the pro-

cedure described in 2.3 of this International Standard.

3.2.4. Preparation of extract

Carry out the extraction at a temperatu
20 °C to 25 °C.

The 1 soil:5 water extract for the deter
water-soluble sulfate content is obtaine
air-dried test sample as follows.

Transfer a test portion of mass 10 g
extraction bottle (3.2.2.1).

re in the range

mination of the
d from a single

+ 0,1 gtothe

Add 50 ml + 0,5 ml of distilled water (3.2.1.1) to

the extraction bottle which shall the
tightly, placed in the shaker (3.2.2.]
for 16 h.

Filter the soil suspension into a clea
(3.2.2.3) through a suitable filter
placed in the Buchner funnel (3.2.2,

Retain the filtrate for measurement

" be stoppered
) and agitated

n and dry flask
baper (3.2.2.4)
D).

of the sulfate

content.

3.2.2.3 Vacuum filtration flask, of capacity ap-
proximately 500 ml, to take the funnel.

3.2.2.4 Filter papers, of medium grade, porosity =
8 um.

3.2.25 Source of vacuum, for example a filter
pump.

Record the volume of the filtrate (V).

3.3 Determination of dry matter content

Determine the dry matter content of the air-dried
material following the procedure described in 2.2 of
this International Standard.
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Section 4: Extraction of soil with water at a mass:volume ratio of
1 soil:2 water

4.1 Principle

A procedure is described for the determination of the
water-soluble sulfate content of soil, for which a
1 soil:2 water extract is first prepared (see note 5 to

4.2.2.8 Extraction bottle, of capacity approximately
250 ml.

4.2.2.9 Pipette, of capacity 100 ml.

3.1).

Determination
the gravimetric
International St

f sulfate ions in solution is made using
method described in section 6 of this
hndard.

4.2 Preparation of 1:2 water extract

4.2.1 Reagent

The following feagent is required for preparing the
water extract.

4.2.1.1 Distilled water or water of equivalent pu-
rity, in accordapce with grade 3 of ISO 3696.

4.2.2 Apparatus

The following ftems of apparatus are required for
preparing the water-soluble sulfate extract from)a
single test sample.

4.2.2.1 Beakey, of capacity 500 ml, pfeferably con-
ical, with glass fods and cover glasses.

4.2.2.2 Buchner funnel, (of~ diameter about

100 mm.

4.2.2.3 Vacuum filtration flask, of capacity ap-
proximately 500 mi{ to take the funnel.

4.2.2.10 Balance, capable of weighing t0_an accu-
racy of 0,001 g.

4.2.2.11 Watch glass, capableCof" holding b0 g of
soil.

4.2.3 Preparation of\air-dried soil test
sample

Prepare an aircdried test sample weighing ppproxi-
mately 50 g:fellowing the procedure describefd in 2.4
of this Interhational Standard.

4,24 Preparation of extract

Carry out the extraction at a temperature of 20 °C to
25 °C.

The 1 soil:2 water extract for the determinatiop of the
water-soluble sulfate content is obtained from each
of the prepared test samples as follows.

Weigh an air-dried test sample of 50 g+ 0,6 g
onto a watch glass (4.2.2.11) and transfef it to a
clean and dry extraction bottle (4.2.2.8).

Add 100 ml + 1 ml of distilled water (4.211.1) to
the extraction bottle (see note 6), which shall then
be stoppered tightly, placed in the [shaker
(4.2.2.7) and agitated for 16 h.

4.2.2.4 Filter papers, of medium grade, porosity
=8 um.

4225 Source of vacuum, for example a filter
pump.

4.2.2.6 Length of rubber tubing, to fit the vacuum
pump and filter flask.

4.2.2.7 Mechanical shaker or stirrer, capable of
keeping 50 g of soil in continuous suspension In
100 ml of water.

Fitter—the—soit—suspension mto & cfean and dry
beaker (4.2.2.1) through a suitable filter paper
(4.2.2.4) placed in the Buchner funnel (4.2.2.2).

Retain the filtrate for measurement of the sulfate
content.

Measure the volume of the filtrate (V).

NOTE 6 If a centrifuge is available, it will probably prove
more convenient to use a centrifuging tube for the ex-
traction. The suspension can then be centrifuged instead
of filtered and 25 ml of the clear supernatant liquid can be
used for analysis after appropriate dilution, if required.
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4.3 Determination of dry matter content material following the procedure described in 2.2 of
this International Standard.

Determine the dry matter content of the air-dried
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Section 5:

5.1 Principie

A procedure is described for the determination of the
acid-soluble sulfate content of soil for which an acid

extract is first prepared.

Acid-soluble sulfates, which include virtually all nat-

© 1SO

Extraction of soil with diiute hydrochloric acid

- H N -___.___‘_A PRy L
] nute aimnimornmnia soiutuon.

o

o o
€. 1.9

[$)]

Dilute 500 ml of ammonia (relative density 0,880) to
1 litre with water.

5.2.1.4 Silver nitrate solution,
c(AgNO;) 2 0,1 mol/l.

I

urally occurrind sulfates, are extracted from a soll
sample with dilpte hydrochloric acid.

Nat rmin +2 n Af n..”—n—r\ iAo ir\ a

An oA In
Uvil gl ounaltic iviio il oui

olution
the gravimetric [method described in se
International Standard.

Soils containing| sulfides may require special attention
(see note 7).

NOTE 7 The a¢id extraction method determines the total
sulfate content gof the soil at the time of testing and any
sulfides which npay be present are destroyed during the
extraction procesp (see note 10). If sulfides are present, it
is possible that these may oxidize in the long term to pro-
duce additional sfilfates. If the presence of sulfides is sus-
pected and the possible oxidation of these in the future is
a cause of congern, the total sulfur content should be
measured. The difference in the total sulfur content and the
acid-soluble sulfgte content, both expressed in terms of
percentage SO,, pives a measure of the amount of sulfide
present. Sulfides|may be present in shales and mudstonges
and they are frequently found in waste materials and~by*
products such as|minestone (colliery spoil) and slags.

5.2 Prepargtion of acid extract

5.2.1 Reagents

The following r¢agents are’required for preparing the
acid extract. They shall be of recognized analytical
grade.

Dissolve 17 g + 1 g of silver nitrate in abe(t|800 ml
of water and dilute to 1 litre in a measurmg qylinder.

i i [2Y
Store the solution in an amber

5.2.1.5 Concentrated nitric, acid, relative [density

1 AN
1,42,

5.2.1.6 Red litmus paper.

5.2.2 Apparatus

The following"items of apparatus are required for
preparing,the acid-soluble sulfate extract from g single
test sample.

5.22.1 Two beakers, of capacity 500 ml, pre¢ferably
conical, with glass rods and cover glasses.

5.2.2.2 Electric hotplate, capable of beifg con-
trolled to boil the contents of the beaker without
causing undue overheating.

5.2.2.3 Filter papers, of medium grade (porosity =
8 um), hardened medium grade (porosity = 8 |ym) and
fine grade (porosity = 2,5 um) to fit the funnel.

5.2.2.4 Glass rod, about 150 mm to 200 mm long
and 3 mm to 5 mm in diameter.

5.2.2.5 Wash bottle, preferably made of plastics,
containing distilled water or water of equivalent purity.

5.2.1.1 Distilled water or water of equivalent pu-
rity, in accordance with grade 3 of ISO 3696.

5.2.1.2 Dilute hydrochloric acid.

Carefully mix 500 ml + 10 ml of concentrated hydro-
chloric acid (relative density 1,18) with water and di-
lute to 1 litre in a measuring cylinder.

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

5.2.2.6 Glass filter funnel, of diameter about
100 mm.

5.2.2.7 Dropping pipette, of capacity 10 ml.
5.2.2.8 Fume cupboard.
5.2.2.9 Measuring cylinder, of capacity 100 ml.

5.2.2.10 Balance, capable of weighing to an accu-
racy of 0,001 g.
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5.2.3 Preparation of air-dried soil test
sample

Prepare an air-dried test sample following the pro-
cedure described in 2.3 of this International Standard.

5.2.4 Preparation of extract

The acid extract for the determination of the acid-
soluble sulfate content is obtained from the air-dried
test sample as follows.

ISO 11048:1995(E)

added to a small volume of silver

nitrate solution.

Record the total volume (Vg) of the extract (the
final volume of the filtrate should preferably not

exceed 200 ml).

NOTES

8 Samples from contaminated sites (e.g. former gasworks)
may be contaminated with cyanides. There is therefore a
possibility of the release of hydrogen cyanide (HCN) on ad-
dition of acid. Samples should either be screened for
cyanides first or all acid additions should be made in an ef-

a) Travlvsfer about 2 g of the analytical sample (see
notg 9) to a 500 ml beaker (5.2.2.1), reweigh the
beaker and calculate the mass (mg) of the analyt-
ical|sample by difference.

b) Add 100 ml + 1 ml of dilute hydrochloric acid
(5.21.1.2) to the test portion; if frothing occurs, care
sholuld be taken to ensure that no material is lost
(seg note 10).

c) CoVer the beaker with a cover glass, heat the
conttents to boiling and simmer gently for 15 min
in a| fume cupboard (5.2.2.8).

d) Ringe the underside of the cover glass back into
the|beaker with distilled water (5.2.1.1) and add a
few drops of concentrated nitric acid whilst the
suspension continues to boil.

e) Add dilute ammonia solution (5.2.1:3)slowly,
preterably from a dropping pipette (5:2.2.7), with
congtant stirring, to the boiling_suspension until
the|sesquioxides are precipitated and red litmus
paper (5.2.1.6) is turned to Blue by the liquid (see
notge 11).

f) Filtgr the suspension)through a hardened filter
paper (5.2.2.3) /nto a 500 ml conical beaker
(6.212.1). Washithe filter paper with distilled water
until the washings are free from chloride, as indi-
catged byan absence of turbidity when a drop is

ficient fume cupboard.

9 The mass of sample to be used depen
of sulfate present. Ideally a mass should b
produce a precipitate of bariam-sulfate
mately 0,2 g.

10 Materials containing sulfides will rele
fide (H,S) on acidification and this can b
smell. In these cases, there is a danger th
will cause overéstimation of the sulfate cq
sulfide oxidation. If the material contains
times themass of the acid sample ina 5
heat to boiling. Remove from the heat s
stifring "the acid solution, sprinkle the W
sample onto the acid.

11 If a heavy voluminous precipitate of se
when ammonia is added to neutralize th
some sulfate may be entrapped which wi
by washing and could lead to low result
second precipitation is recommended.
carefully removing the filter paper with th
replacing it in the original beaker. Dilute h
added and the contents stirred until the g
dissolved (20 ml of dilute hydrochloric ac
ficient). Bring the contents to the boil an
cess from step e).

5.3 Determination of dry ma

Determine the dry matter content
material following the procedure des
this International Standard.

s on the amount
b chosen that will
veighing approxi-

hse hydrogen sul-
b detected by its
at this procedure
ntent because of
sulfides, place 10
DO m| beaker and
purce and, whilst
eighed analytical

squioxides forms
e acid [step e)],
not be removed
5. In this case, a
This is done by
e precipitate and
drochloric acid is
esquioxides have
d should be suf-
H repeat the pro-

tter content

pf the air-dried
cribed in 2.2 of
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Section 6: Determination of sulfate in solution by a gravimetric method
using barium chloride

6.1 Scope

A gravimetric method is specified for the determi-
nation of sulfate in water extracts and dilute acid ex-

tracts of soils obtained using the procedures

described in s
Standard. It cl

ISO 9280. For |i

arthetanrae ca
SustarniCes, st

ely follows the method described in

information on potentially interfering
A Q

A sulfate concentration (expressed as SOZ”) in the

range of 25 mg

/I to 5000 mg/l can be determined,

using the specified test portion (6.6.1). It is possible
to determine higher concentrations by taking a smaller
test portion fropn the laboratory sample (i.e. the acid

or water extrac{).

The lower limit

of detection (with nine degrees of

freedom) of the method described in 1ISO 9280 is

SOZ™ =10 mg!l

6.2 Principl

Acidification of

e

the laboratory sample with hydror

chloric acid, followed by boiling with barium chloride

solution for at |

ast 20 min to promote coagulation of

the precipitate pf barium sulfate. Filtration_through a

tared sintered-g
free from chlor
when cool. The
to the barium

action of barium

ass crucible, washing the\precipitate
de, drying at 105 °C and-reweighing
ncrease in mass of the-Crucible is due
sulfate precipitate- formed by the re-
with sulfate iensin the sample.

6.3 Reagenits

6.3.2 Barium chloride dihydrate, 100 g/| solution.

WARNING — Barium chloride is poisonous and
harmful if swallowed.

+ ihydrate
(BaCl,-2H,0) in about 800 ml of water, warnjing the
mixture to aid dissolution. Cool the solutiofiand dilute
to 1 litre in @ measuring cylinder.

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

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

WARNING — Sodium hydroxide solution |is haz-
ardous on contact with skin and eyes.

Dissolve 20-g of sodium hydroxide in 100 mi df water
whilstsstirring.

Store the solution in a polyethylene bottle.

6.3.4 Methyl orange indicator, about 1 g/l splution.

Dissolve 100 mg of methyl orange in about 50 ml of
water, warming the mixture to aid dissolutiop. Cool
the solution and dilute to 100 ml in a measuring cyl-
inder.

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

6.3.5 Silver nitrate solution,
c(AgNO;) =~ 0,1 mol/l.

Dissolve 17 g + 1 g of silver nitrate (AgNO,) in about
800 ml of water and dilute to 1 litre in a mepsuring
cylinder.

Use only reagents—ofrecognizedamatyticatgradeamd
only distilled water or water of equivalent purity, in
accordance with grade 3 of 1ISO 3696.

6.3.1 Dilute hydrochloric acid, ¢(HCI) = 6 mol/l.

Carefully mix 500 ml + 10 ml of concentrated hydro-
chloric acid (relative density 1,18) with water and di-
lute to 1 litre in a measuring cylinder.

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

10

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

6.3.6 Ethanol (C,H;OH) or rectified spirit (95 %
ethanol, 5 % water).

6.3.7 Sodium chloride, 100 g/l solution.

Dissolve 10 g 4+ 0,1 g of sodium chloride (NaCl) in
about 100 ml of water.

Store the solution in a glass or polyethylene bottle.
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6.3.8 Sodium carbonate (Na,CO,), anhydrous.
NOTE 12 When accurately standardized solutions are re-
quired, it may be more convenient to obtain them already

standardized in concentrated form and to dilute them in ac-
cordance with the manufacturer's instructions.

6.4 Apparatus

Usual laboratory equipment and

ISO 11048:1995(E)

6.6.2 Pretreatment

Measure the test portion (6.6.1) into a 500 ml| beaker
and add 2 drops of methyl orange indicator (6.3.4).
Neutralize the test portion with dilute hydrochloric
acid (6.3.1) or sodium hydroxide solution (6.3.3) ac-
cording to the initial pH. Add 2 m! + 0,2 ml of dilute
hydrochloric acid and then, if necessary, add water to
bring the total volume in the beaker to
200 ml + 20 ml. Boil the contents of the beaker for

at least 5 min.

6.4.1 Sintered-glass crucibles, of capacity about
30 ml apd porosity value of 4.

6.4.2 Buchner flask, equipped with a safety guard
for vacuum filtration.

6.4.3
accurac

nalytical balance, capable of weighing to an
of 0,000 2 g.

6.4.4 Rlatinum evaporating basin, of capacity
250 ml.

6.5 Sampling and sample preparation

6.5.1 BSample handling

Collect |aboratory extracts in glass or polyethylene
bottles and analyse shortly after filtration or store at
2 °C to b °C for not more than one week.

Fill the $ample bottles completely to exclude air and
thus eliminate the risk of oxidation~of samples con-
taining qulfide or sulfite.

NOTE 13 Samples low in organic matter may be kept for

longer pg¢riods, but tests should be carried out to ensure
that the gamples are suffiCiently stable.

6.6 Procedure

6.6.1 [estportion

If the solution is clear after boiling)prpceed to 6.6.3.
If insoluble material is present,filter the hot mixture
through a fine-porosity ashless, filter ppper and wash

it with a small amount of<h6t water,
washings with the filtrate. Transfe

combining the
the solution

quantitatively to a ,600'm| beaker afd proceed to

6.6.3.
NOTES

15 If it istsuspected that the insoluble malerial retained by

the filterpaper contains insoluble sulfate ar

d it is desired to

include this in the final result, retain the filtef paper and carry

out'the procedure given in 6.9.2.

16 If silica is present in the test portion g
likely to interfere (see 6.8), follow the pretr|
given in 6.9.1.

17 If organic substances are present in th
concentrations considered likely to interfere
the pretreatment method given in 6.9.1.

6.6.3 Precipitation

Boil the solution produced at the end
ment (6.6.2) and slowly add, usi
10 ml + 5 ml of hot (about 80 °C) b
solution (6.3.2). Heat the solution for at
allow to cool and stand overnight at 50

NOTE 18  Slow addition of the hot bar
duces the possibility of coprecipitation. Sub

t concentrations
eatment method

e test portion at
(see 6.8), follow

bf the pretreat-
g a pipette,
arium chloride
least 1 h, then
°C + 10 °C.

um chloride re-
sequent heating

aids coagulation of the precipitate and

enders it more
ther.

The volume of the test portion shall be between
10 ml and 200 ml and shall contain not more than
50 mg of sulfate ions. Withdraw the test portion from
the laboratory sample (the water or acid extract) using
a pipette. Record accurately the volume (V,) of the
test portion.

NOTE 14 The volume (V¢) of the water or acid extract
(the laboratory sample) will be required for calculation of the
result in terms of the concentration of sulfate ions, in milli-
grams per kilogram of air-dried soil, and should have been
recorded as part of the procedures described in sections 3
to 5.

$olls o ; HOST P £
CryStanTe,TouUainTy COPTeUipiatiuiT ©veTT T

6.6.4 Filtration

6.6.4.1 Procedure

Dry a sintered-glass crucible (6.4.1) by heating it to
105 °C for 1 h and let it cool in a desiccator.

Accurately weigh the crucible, to

the nearest

0,000 2 g. Record the mass of the crucible (m;) and
then fit it onto the Buchner flask (6.4.2). Filter the
precipitate using gentle suction. Use a rubber-tipped

11


https://standardsiso.com/api/?name=bc3f7a98183fcffc6bd771b8c7778f17

ISO 11048:1995(E)

glass rod to dislodge any precipitate remaining in the
beaker and rinse out with cold water into the crucible.
Wash the precipitate in the crucible with chloride-free
cold water.

6.6.4.2 Test for chloride in the washings

Collect about 5 ml of the filtrate from 6.6.4.1 in a
small beaker containing about 5 ml of silver nitrate
solution (6.3.5). To ascertain whether the washings

and hence the barium sulfate precipitate are free from

© ISO

m is the mass, in grams, of the crucible re-
corded in 6.6.4;

m, is the mass, in grams, of the crucible re-

corded in 6.6.5.

Calculate the sulfate concentration p, SOi_ in the
solution, in milligrams per litre, using the following
equation:

chloride, obser:lve The mixture and check that no

turbidity is for

It is also impor
on the undersig

6.6.5 Drying

ed. Otherwise continue washing.

fant to check that no chloride remains
e of the rim of the crucible.

and weighing

Remove the clucible and dry it at 105 °C + 2 °C for

about 1 h. Tra
weigh it accurg
perature. Retur
further 10 min

sfer the crucible to a desiccator and
tely when it has cooled to room tem-
h the crucible to the drying oven for a
and repeat the cooling and weighing.

Provided that the second mass differs by not more

than 0,000 2 g
(m,). Otherwise
ing until two su
than 0,000 2 g.

NOTE 19

precipitate is wa
(6.3.6).

6.6.6 Blank

Follow a proce(
t0 6.6.5, but us

Subtract the cf

from the first, record the second mass
repeat the drying, cooling and weigh-
ccessive masses do not differ by more

Shorter drying periods may be obtained if the

shed with three 5 ml portions of ethanol

test

ure identical to that described in 6.6.3
ing 200 ml + 20 ml of.water.

ucible mass recaorded before filtration

in 6.6.4 from that recorded after filtration in 6.6.5, to

give the mass

o, IN grams$of the blank.

6.7 Expression‘of results

6.7.1 Calculatiomof concentrationsin test

portions

P1(SO‘2{) = MmxA 0 0‘}2“ 6 x 10°
where
m is the mass, in grams, @f .bariun| sulfate
precipitate;
Va is the volume,_insmillilitres, of the test

portion (see-6.6!1);

0,411 6 is the gravimetric factor (sulfatd/barium
sulfaté).

Conversion factors for other units of concentrdtion are
given in tablewt.

Table 1 — Conversion factors

p(SOL) | <(SOF) | |e(S)

mgy/! mmol/l mg/I
p(SO%) =1 mgl 1 0,010 41 | 03338
c(S0%7) =1 mmoljl | 96,06 1 32,06

6.7.2 Calculation of sulfate concentratiion in
soil

Calculate the sulfate concentration p2(SO4“ of the

soil, in milligrams per kilogram of air-dried sdil, from
the following equation:

m&dﬂ:m@%vx%

mx 0,411 6 x 10° x V¢

Calculate the mass m, in grams, of barium sulfate in
the test portion, using the following equation:

m=m; —m —my
where

mg Is the mass, in grams, of the blank calcu-
lated in 6.6.6;

12

A} 7 g ms X VA

where

p1(SO§_) is the measured sulfate concentration
in the extract, in milligrams per litre (cal-
culated in 6.7.1);

Ve is the total volume, in millilitres, of the ex-
tract;
mg s the mass, in grams, of sample taken.
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Table 2 — Repeatability and reproducibility standard deviations

Test portion Mass
P concentration of S VC, Sp VCq
Sample volume sulfate
ml mgy/l mgy/! % mg/l %
1 200 50 3.3 — — —
2 20 210 3.3 1,6 6,9 3.3
3 20 583 Q’A 1'4 ’!2’4 313
4 20 1160 9,3 0,8 11,6 1,0
5 20 1500 21,3 — —_ —
6 20 5 000 29,4 — . —
S is the repeatability standard deviation
VC is the repeatability variation coefficient
SR is the reproducibility standard deviation
VCh is the reproducibility variation coefficient
Details| of samples
1,5,6: Standard solutions, data from the United Kingdom, one laboratery, 9 degrees of freedom.
2: Data|from Germany, 10 laboratories, 37 degrees of freedom,
3: Data|from Germany, 10 laboratories, 35 degrees of freedom.
4. Data|from Germany, 9 laboratories, 32 degrees of fregdom.
6.7.3 Repeatability and reproducibility of
sulfate| determination in test solution

Repeatdbility and reproducibility standard deviations Maximum mass

determihed for the method described in ISO 9280 are lon Expressed as cpncentration

given in|table 2. Those obtained during an interlabora- mg/l

tory trigl of the procedures.!described in this Inter-

national|Standard are given\jn/annex A. Chromate CrO;~ 10
Phosphate PO, 10

6.8 Interferences Nitrate NO; 100

Silicate Sio, 2,5

Sulfide and su.lfite intgrfere if the samples are unduly Calcium Ca?t 100

exposed teh\air causing oxidation to sulfate before — Fo* 50

analysis| @therwise, any sulfide and sulfites present

Table 3 — Tolerances to other ions

at the beginning of the analysis are removed as
hydrogen sulfide and sulfur dioxide gases respectively
by boiling during pretreatment (6.6.2).

Organic compounds present in substantial amounts
(for example a sample with a permanganate index
>30 mg O,/l) may interfere by absorption or
coprecipitation. The procedure described in 6.9.1 may
be used to overcome this difficulty.

Amounts of other inorganic ions in the test portion
(6.6.1) below which no interference is likely are given
in table 3.

6.9 Special cases

6.9.1 Removal of organic compounds

Measure the test portion (6.6.1) into a platinum evap-
orating basin and add 2 drops of methyl orange indi-
cator (6.3.4).

Neutralize the test portion with dilute hydrochloric
acid (6.3.1) or sodium hydroxide solution (6.3.3) ac-
cording to the initial pH and then add 2,0 ml of dilute

13
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hydrochloric acid. Evaporate almost to dryness on a
water bath and then add 5 drops of sodium chloride
solution (6.3.7) to the remaining liquid. Evaporate to
complete dryness and then heat the basin 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 5 drops of dilute hydrochloric acid
(6.3.1) and evaporate to dryness on a water bath.
Then allow to cool slightly, add 10 ml + 1 ml of water

© ISO

through a coarse filter paper. Wash the filter paper
with 20 ml of water. With the combined filtrate and
washings, proceed as described in 6.6.2 to 6.6.6 be-
ginning with “add 2 drops of methyl orange indica-
tor...".

Note that there is a strong evolution of carbon dioxide
when the acid is added.

Calculate the additional sulfate concentration
p3<SOZ—), in milligrams per litre, as described in 6.7

and transfer qyantitatively 10 a b00 ml beaker. Pro-
ceed as descriped in 6.6.2, beginning with “add 2
drops of methy| orange indicator...”.

6.9.2 Determination of sulfate in insoluble
material

Place the filter [paper from 6.6.2 in a platinum evap-
orating basin (6)4.4) covered with a lid and either heat
over a low bungen flame or place in a muffle furnace
at room temperature and bring the muffle furnace up
to a temperaturg of 500 °C to burn off the paper. Mix
the ignited resjdue with 4 g + 0,1 g of anhydrous
sodium carbonate (6.3.8) and heat strongly to fuse the
mixture, maintajning it in a melted state for 15 min.
Allow to cool.

Add 50 ml of \ater to the platinum dish, warm to
dissolve the fusd mixture and then filter the solution

andadd Tt to the sotubte sutfate concentration deter-
mined on the filtrate produced during prefrgatment
(6.6.2) to arrive at the total sulfate concéntratipn.

6.10 Notes on procedure

6.10.1 Cleaning the used sintered-glass
crucibles

Barium sulfate€anbe removed from the cruciples af-
ter the analysis by soaking them overnight in a sol-
ution  containing about 5g of  disodium
ethylene@iaminetetraacetate (EDTA, disodiumn salt)
and abeut 25 ml of ethanolamine (NH,CH,CH,DH) per
litre~0f water. After soaking, wash the crucibles by
drawing water through under suction before| drying
and re-use in subsequent analyses.

14
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Section 7: Precision of method and test report

presented in annex A.

7.2 Testreport

t sampie;

priate number

7.1 Repeatabiiity and reproducibiiity c) detaiis of the preparation of the tes
The results of an interlaboratory trial of the three ex- d) wher;(her any of the special case procedures were
traction methods and of the suifate determination are useaq;

e) a statement of repeatability achieved;

T TNe TesUlts, expressed to an apprg
The testreport shall include the following information: g:essé?::lﬁ:gé; figures, and the,-fethod of ex-
a) a reference to this International Standard; g) details of any operation not specifigd in this Inter-

b) all information necessary for a complete identifi-
catign of the sample;

national Standard, or'régarded as optional, as well

i h ££ b~ +
as any factor which may have affected the r

15
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Annex A
(informative)

Results of an interlaboratory trial

© ISO

An interlaboratory trial was organized to test the procedures specified in this International Standard. In this trial,

the concentrati
were determin

The characteris

The repeatabilit
are given in tal

The repeatabilit

The values hay
peatability and

Table A.2 —_Results of the interlaboratory trial for the determination of sulfate in

le A.2.

tics of the soils analysed are given in table A.1.

trial for the determination of sulfate

on Ot acid-soiubie and water-soiubie suffate in four 5oils, and the sulfate content ol ong
bd by 11 laboratories.

y (r) and reproducibility (R) of the results of the analyses of the solution obtainédyby the labq
v (r) and reproducibility (R) of the results of the analyses of the soils afe,diven in tables A.J

e been calculated according to 1ISO 5725:1986, Precision of test methods — Determinatid
reproducibility for a standard test method by inter-laboratory tests.

Table A.1 — Characteristics of the soils used for the interlaboratory

Soil Description
A Natural soil (C) with addedgypsum
— water-soluble sulfate,;governed by limited solubility of gypsum
B Natural soil (C) with added sodium sulfate
— highly water=seluble sulfate
C Natural soil
D Soil/fill-from industrially polluted site

the test solution

Z Z

umbgetof laboratories retained after eliminating outliers 10

uber of outliers (laboratories) 1

umber of accepted results 20
Mean value, mg/! 5247
Repeatability standard deviation (s,), mg/! 58
Repeatability relative standard deviation, % 1,11
Repeatability limit (r = 2,8 x s,), mg/l 164
Reproducibility standard deviation (sg), mg/I 273
Reproducibility relative standard deviation, % 5,20
Reproducibility limit (R = 2,8 x sg), mg/ 764
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ratories

to A.b.

n of re-
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the interiaboratory triai for the determination of

acid-soluble sulfate in test soils

Soil A B (o D
Number of laboratories retained after eliminating
outliers / 8 10 /
Number of outliers (laboratories) 0 0 0 0
Number of accepted results 14 16 20 14
Mean value, % of air-dried soil 1,397 2,836 0,175 1,048
Repeatability standard deviation (s), % of air-dried soil | 0,099 0,265 0,019 0,080
Repeatability relative standard deviation, % 7,07 9,35 10,93 .65
Repeatability limit (r = 2,8 x s), % of air-dried soil 0,276 0,742 0,054 0,225

crcalal) cl S0

v, VoS, Vv, LL0

Reproducibility standard deviation (sg), % of air-dried
soil

Table A.4 — Results of the interlaboratory trial for the determination of sulfate
soluble in a 1,s0il:5 water extract

Soil A B (o D
Number of laboratories retained, after eliminating 11 10 11 10
outliers
Number of outliers (laboratoties) 0 0 0 0
Number of accepted results 22 20 22 20
Mean value, % of air-dried soil 0,738 2,785 0,095 0,636
Repeatability standard deviation (s), % of air-dried soil | 0,032 0,083 0,007 0,016
Repeatability.relative standard deviation, % 4,28 2,98 7.33 2,59
Repeatability limit (r = 2,8 x s), % of air-dried soil 0,088 0,233 0,020 0,046
Soe"producublhty standard deviation (sz), % of air-dried 0,068 0,234 0,094 0,096
Reproducibility relative standard deviation, % 9,29 8,40 35,37 15,14
Reproducibility limit (R = 2,8 x sg), % of air-dried soil 0,192 0,655 0,263 0,270
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