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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
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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f leaching and speciation of constituents in soils and materials:

Extraction of amorphous iron oxides and hydroxides with ascorbic acid

Extraction of crystalline iron oxides and hydroxides wjth dithionite

Extraction of aluminium oxides and hydroxides with~ammonium oxalate/oxalic acid
Extraction of humic substances from solid samples

Extraction of humic substances from aqueous samples

hrds
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tent

and

consists of the following parts, under the general title Soil quality < ‘Parameters for geochenpical
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Introduction

In addition to leaching procedures for subsequent chemical and ecotoxicological testing of soil and other
materials including waste, predictive models are becoming indispensable tools in the environmental risk
assessment of these materials. Models are particularly required when the results of laboratory leaching tests
are to be translated to specific scenarios in the field, with regard to assessing the risks of both contaminant
migration and bioavailability.

In the past few years, geochemical models have been shown to be valuable tools to be combined with the
data obtained from charactenzatlon leaching standards such as pH dependence and percolatlon tests. These

' e a general
ailability of
specific soil

properties (see Figure 1).

Key
Experiment

peochemical speciation modelling
bvailable metal~concentration
Hissolved hiumic substances
reactive(solid) surfaces

Hatabase with stability constants
computer program

assumptions

0 N o b WON -

Figure 1 — Relationships between experimental data, as obtained from laboratory
leaching/extraction tests, and geochemical modelling of the speciation of a heavy metal
in the environment (modified after M. Gfeller & R. Schulin, ETH, Ziirich)

Characterization leaching standards provide information on the concentrations of the contaminant of interest as
a function of, in particular, pH and liquid/solid (L/S) ratio. In addition, a more complete analysis of the leachates
also provides information on the major ion composition and dissolved organic carbon (DOC), parameters that
are particularly important for the chemical speciation of constituents through processes such as precipitation,
complexation and competition for adsorption on reactive mineral and organic surfaces in the soil. As illustrated

© 1SO 2012 — All rights reserved \%
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in Figure 1 for the example of copper, geochemical modelling enables calculation of the metal distribution
among these different chemical species in the system of interest. This provides necessary information for risk-
assessment purposes, as these different chemical forms play distinct roles in the mobility and bioavailability
of the metal in the soil. In addition to information obtained from the leaching standards (in their current state of
development/definition), two additional types of information are required.

a)

The “available” (sometimes also referred to as “active” or “exchangeable”) concentration of the constituent

in the solid phase, as opposed to the total concentration determined by acid destruction of the solid matrix.
This “available” concentration can be obtained by leaching at low pH, a condition that can be obtained by
extending the pH range in the pH-dependent leaching test (ISO/TS 21268-4) down to pH ~ 0,5 to pH ~ 1.

b)
(adsor
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are particul
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that the me|

The copcentrafion of reaclive organic and mineral surfaces in the soil, which constitute The major bin

tion) sites for most constituents in the soil matrix.

eactive surfaces that control the binding of constituents by sorption processes to the soil m

iminium (hydr)oxides] and composition (organic matter). When the results arejintended to be U
e-described purposes of geochemical modelling in conjunction with leaching tests, it is impor
thods be selective for reactive surfaces for which generic thermodynamic’adsorption parame

are also av

These reacfive surfaces have been identified in soils, as well as in a variety of other materials for which
leaching of [constituents is of relevance. It has been shown that the bindihg) properties of these surfaces
a generic rgle in the speciation and leaching of constituents among these different materials. As an exani
a similar ggochemical modelling approach, using model input from the partial or complete 1ISO 12782 se
has been siiccessfully applied to different soilsl3], amended soils!4l®};, municipal incinerator bottom ashlél, s
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generic the
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Internationd

ilable for the most important major and trace elements.

uxite residuesl®l, and recycled concrete aggregatel?® Hence, the scope of the 1ISO 12782 se
M soils to materials including soil amendments and waste materials.

ISO 12782 aims to determine important reactive organic surfaces in soil and materials, for w|

11], while generic thermodynamic adserption parameters for humic and fulvic acids are availab)
[12] and [13].

amic parameters for adsorptioh.models other than those used in References [12] and [13] are
the literature and may also/berused to model the binding of constituents to humic and fulvic ag

H14] is based on a cenvéntional isolation and purification method[!!l that is also used by
| Humic Substances_Society (IHSS).

Hing
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hte organic matter and iron and aluminium (hydr)oxides. It is generally accepted that'the reacfvity
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Soil quality — Parameters for geochemical modelling of
leaching and speciation of constituents in soils and materials —

Part 4:
Extraction of humic substances from solid samples

1 [Scope

Thig part of ISO 12782 specifies a procedure to determine the concentration of humic substancgs in soil or
othgr materials. Other materials also include waste. The content of humic substances ¢an be used as input in
geofhemical models.

2 |Normative references

The]| following referenced documents are indispensable for the application of this document| For dated
references, only the edition cited applies. For undated references, thedatest edition of the referenced document
(including any amendments) applies.

ISO| 3696, Water for analytical laboratory use — Specificationyand test methods
ISO|5667-3, Water quality — Sampling — Part 3: Preservation and handling of water samples

ISO| 8245, Water quality — Guidelines for the determination of total organic carbon (TOC) and dissolved
organic carbon (DOC)

1ISO|10381-1, Soil quality — Sampling — Rart™1: Guidance on the design of sampling programmes
1ISO|10381-2, Soil quality — Sampling(—"Part 2: Guidance on sampling techniques
ISO[10381-3, Soil quality — Sampling — Part 3: Guidance on safety

ISO[10381-4, Soil quality — Sampling — Part 4: Guidance on the procedure for investigation of natural, near-
natyral and cultivated sites

1ISO|10381-5, Soil quality — Sampling — Part 5: Guidance on the procedure for the investigation qf urban and
indystrial sites withregard to soil contamination

I1ISO[10381-64Soil quality — Sampling — Part 6: Guidance on the collection, handling and storage ¢f soil under
aergbic conditions for the assessment of microbiological processes, biomass and diversity in the laboratory

ISO| 11464, Soil quality — Pretreatment of samples for physico-chemical analysis

ISO 11465, Soil quality — Determination of dry matter and water content on a mass basis — Gravimetric method

EN 14899, Characterization of waste — Sampling of waste materials — Framework for the preparation and
application of a sampling plan

EN 15002, Characterization of waste — Preparation of test portions from the laboratory sample

CEN/TR 15310-3, Characterization of waste — Sampling of waste materials — Part 3: Guidance on procedures
for sub-sampling in the field

© 1S0O 2012 — All rights reserved 1
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

341

dissolved organic carbon

DOC

sum of organically bound carbon present in water originating from compounds (including cyanate and
thiocyanate) which will pass a membrane filter of pore size 0,45 pm

3.2
humic sub
HS
(partial) dec

NOTE 1 k
formed by s¢g

NOTE 2
obtained on

1

3.3
humic acid
HA
fraction of 3
higher pH v

NOTE h

3.4
fulvic acid
FA
fraction of 3

NOTE 1 f

NOTE2 R

3.5
hydrophilic
Hy

organic car

NOTE I
identified as
Clause 8. Hy

Ltance

omposition product from plant and animal tissue

jumic substances form a series of relatively high-molecular-weight, brown-to-black-¢oloured substa
condary synthesis reactions.

[he term is used as a generic name to describe coloured material or its fractions\(elg. humic and fulvic a
he basis of solubility characteristics.

humic substance that is not soluble in water under acidie conditions (pH <1 to 2) but is solub
alues

Humic acids are dark brown to black in colour.

humic substance that is soluble in water under all pH conditions
ulvic acids remain in solution after removal of humic acid by acidification.

ulvic acids are light yellow to §ellow-brown in colour.

L organic carbon

bon compound, eansisting of non-humic and humic-like substances

h this part of ISO 12782, Hy is essentially regarded as the extractable organic carbon fraction that ig
humic aeid, fulvic acid or hydrophobic neutral organic carbon in accordance with the procedure specifig
drophilic-organic carbon generally consists of molecules with a lower molecular weight and higher COQ

ratios than h

low-moleculas \Alnighf r‘nrhnvylir‘ nr‘ide‘ and sSugar phncphgfne

3.6

mic acids and fulvic acids. Examples of compounds are: oxidized carbohydrates with carboxylic acid grg

1ces

Cids)

e at

not
bd in
H/C
ups,

hydrophobic neutral organic carbon

HON

difference between the amount of adsorbed fulvic acid and hydrophilic organic carbon and the amount of
desorbed fulvic acid

NOTE

3.7
laboratory
sample inte

[ISO 11074:

2

Hydrophobic neutral organic carbon can include non-humic and humic-like compounds.

sample
nded for laboratory inspection or testing

2005]
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3.8
test sample

sample, prepared from the laboratory sample, from which the test portions are removed for testing or for
analysis; this portion of material, resulting from the laboratory sample by means of an appropriate method of
sample pretreatment, and having the size (volume/mass) necessary for the desired testing or analysis

NOTE Adapted from ISO 11074:2005.

3.9

test portion

analytical portion

ity Of material, Of proper Size€, for measurement O
the test sample

€ concentration or otner property of Intere,

NOTE 2 A unit or increment of proper homogeneity, size, and fineness, needing no further preparation, may be

11074:2005]

ding soil amendments and waste materials

4 |Principle

Spdcific dissolved organic carbon species are isolated based on defined operational conditions. |
are |precipitated at pH 1 and fulvic acids (and théZhydrophobic organic neutral fraction) are ad
DAX-8 resin. The organics remaining in solution after resin addition are classified as hydroph
subgtances. The DOC concentrations are“Imeasured after every step, from which the tots
congentrations of humic and fulvic acids,-hydrophobic organic neutrals, and hydrophilic organic
are calculated.

5 |Apparatus

Thelfollowing apparatus shiall be used. All materials that come into contact with the sample (material
shopld not contaminate the compounds to be determined or adsorb the compounds of interest.

5.1| Balance, withvan accuracy of 0,1 g.

5.2| Usuallaboratory glass or plastic ware, rinsed in accordance with ISO 5667-3.

5t, removed

D preparation

b test portion.

t materials,

Humic acids
orbed onto
ilic organic
| individual
bubstances,

Dr reagents)

5.3 | “pH-meter with a measurement accuracy of at least +0,05 pH units.

5.4 End-over-end shaking machine (5 min~' to 10 min~1).

NOTE Other shaking methods can be used provided they can be shown to provide equivalent results.

5.5 Filtration apparatus, either a vacuum filtration device (between 2,5 kPa and 4,0 kPa) or a high-pressure

filtration apparatus (<0,5 MPa). Cleaning is compulsory.
5.6 Filters, pore size 20 um, for use in the Biichner-funnel filtration device (5.7).

5.7 Biichner-funnel filtration device.

© 1SO 2012 — All rights reserved
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5.8 Membrane filters, for the filtration device, fabricated from inert material with a pore size of 0,45 um.
Filters shall be pre-washed with demineralized water in order to remove DOC.

5.9 Soxhlet extraction device.
5.10 Soxhlet extraction thimbles, glass-fibre extraction thimbles for the Soxhlet extraction device (5.9).
5.11 Centrifuge, preferably at 3 000g. For other appropriate conditions, see Annex C.

5.12 Centp

5.13 Crushing equipment: jaw crusher or cutting device.

NOTE [Due to crushing, contamination of the sample may occur to an extent which affects the deaching of spme
constituents pf concern, e.g. cobalt and tungsten from tungsten carbide equipment, or chromium, nickehkahd molybdenum
from stainlegs-steel equipment.

5.14 Sieving equipment, with a nominal screen size of 2 mm or 4 mm.

NOTE Due to sieving, contamination of the sample may occur to an extent which affects the leaching of some
constituents jof concern e.g. cobalt and tungsten from tungsten carbide equipment,<&r chromium, nickel and molybdenhum
from stainlegs-steel equipment.

5.15 Sample splitter, for sub-sampling of laboratory samples (optienhal).

6 Reagents

The reagents used shall be of analytical grade and the~water used shall comply with grade 3 in accordgnce
with ISO 3696.

6.1 Demjneralized water, deionized watenor-water of equivalent purity (5 < pH < 7,5) with a conduclivity
< 0,5 mS/m|according to grade 3 specified in ISO 3696.

6.2 Potagsium hydroxide, ¢c(KOH)=-0,1 mol/l and 1 mol/l.
6.3 Hydnochloric acid, ¢(HCH= 0,1 mol/l to 6 mol/l.
6.4 Sodiim hydroxide-¢(NaOH) = 0,1 mol/l to 5 mol/l.

6.5 Acetpnitriles-(CH3CN), suitable for liquid chromatography.

6.6 Methanol, (CH30OH), suitable for liquid chromatography.

6.7 DAX-8 resin, e.g. Sigma-Aldrich?).
NOTE Various documented methods for HS isolation and purification make use of XAD-8 resin to adsorb HA and/or

FA. This resin is no longer commercially available; therefore, the comparability of the substitute resin DAX-8 was tested.
See Annex B for information.

6.8 Nitric acid, ¢(HNO3) = 0,1 mol/l.

1) DAX-8 resin from Sigma-Aldrich is an example of a suitable product available commercially. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of this product.

4 © 1S0 2012 — All rights reserved
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7 Sample pretreatment

7.1 Sample size

The laboratory sample shall consist of a mass equivalent to at least 1 kg of dry mass. Perform sampling in
accordance with ISO 10381-1 in order to obtain a representative laboratory sample.

Sampling shall be performed in accordance with the guidelines for preparing a sampling plan for soil materials,
as specified in 1ISO 10381-1 to ISO 10381-6 and for waste in accordance with EN 14899, in order to obtain
representative laboratory samples. Obtain a representative laboratory sample of at least 200 g (dry matter) for

soil

and-soil-materials—and-2-ka-{drv-matter)-forwaste-material—-Follow-instructions-forsample-pretreatment:
'3 gy 8+ t - £ t e .

Use

NOT

matgrial to be analysed (see ISO 11277). The specified sample size is generally adequate. In specific cas

for soil and soil materials according to ISO 11464;
for waste according to CEN/TR 15310-3 and EN 15002.
a sample splitter (5.15) or apply coning and quartering to split the sample.

E The required size of the laboratory sample is dependent on the particle size” distribution of th

e soil or the
s, a smaller

sample size can be accepted — for instance if, for specific reasons, less materialis7available — provided thaf the test can
be cparried out as specified in 7.2 to 7.4.

Any| deviation(s) to accommodate sample size or volume requirements shall be recorded in the tegt report.
7.2| Particle size reduction

7.21 General

The]tests shall be carried out preferably on material’as received.

7.2,

For
is n
sieV
fine
and
crug
be g
unti

7.2.

For
The

P Particle size reduction of soil

soil and soil material, the test portion-to be prepared shall have a grain size < 1 mm. If oversiz
pt of natural origin and exceeds*5 % (mass fraction), the entire oversized fraction shall be s
ing (see 5.14) and crushed using suitable crushing equipment (5.13). On no account shall the
y ground. Oversized materialof natural origin (e.g. stones, pebbles, twigs) in the sample shall b
discarded. Irrespective.of-any necessary size reduction, the separate fractions, with the excef

rushed or sievedbecause of its water content, it is permitted, in this case only, to reduce the w
the laboratory<sample can be sieved. The drying temperature shall not exceed 25 °C.

B Particle size reduction of waste

waste;the test shall be carried out on material with a grain size of at least 95 % (mass fracti
refore, the laboratory sample shall be sieved (5.14). If oversized material exceeds 5 % (mass

ed material
bparated by
material be
b separated
tion of non-

hable and discarded-material, shall be mixed to constitute the test sample. If the laboratory sample cannot

hter content

bn) < 4 mm.
raction) the

enti

T oversized-fractionm strattbecrostedusing crustingequipment (5-t3)—Ommoaccount stratt

he material

be finely ground. Non-crushable material (e.g. metallic parts such as nuts, bolts, scrap) in the sample shall be
separated and the mass and nature of the material shall be recorded. The method of size reduction applied
shall be documented and recorded in the test report. Irrespective of any necessary size reduction, the separate
fractions, with the exception of the non-crushable material and the material that may be used according to the
second paragraph after Note 1, shall be mixed to constitute the test sample. If the laboratory sample cannot be
crushed or sieved because of its moisture content, it is permitted, in this case only, to reduce the water content
until the laboratory sample can be sieved. The drying temperature shall not exceed 25 °C. Any necessary

deviation in the drying procedure shall be given in the test report.
NOTE 1 Fibrous materials and plastics can often be reduced in size after cryogenic treatment.

Any drying step can change other properties of the waste. Care should be taken to minimize such changes.
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In order to minimize a possible contamination during sieving, fragmentation and splitting, it is recommended,
before preparing the test sample, that a portion of the laboratory sample be processed through the devices for
sieving, fragmentation and splitting, discarding the material thereafter. This recommendation does not cover
the possible contamination described in the Notes in 5.13 and 5.14.

NOTE 2

Important differences may occur in the leaching test results for a given material, depending on the crushing

procedure and the waste material being crushed. Particle-size-related differences may be made evident by determining
the particle size distribution. It is to be noted that, in the case of a very narrow size distribution, such differences in the
leaching result may be enhanced, especially in the upper part of the size range.

7.3 Determination of dry residue

The whole
of the test s

Determine

Equation (1):

Wdr =1

where
wqdr IS
mq IS
mr IS
7.4 Test
The test po

Calculate th

|

M

w )/
where
My is
My is

wdr IS

est sample, complying with the size criteria in 7.2, shall not be dried further. The dry residue
ample shall be determined on a separate test portion.

he dry residue at (105 + 5) °C in accordance with 1ISO 11465. Calculate the dry 1esidue u

ho. d.
my

he dry residue of the sample, expressed as a percentage (%);
he mass after drying, expressed in grams (g);

he mass before drying, expressed in grams (g).

portion
[tion size shall be 20 g (with a tolerance of £10 %) in compliance with the size criteria in 7.2.
e undried mass of the test portion (M) to be used for the test using Equation (2):

&

dr

x100

he dry mass of the_test portion, expressed in grams (g);
he total mass of'the test portion, expressed in grams (g)

he dry résidue of the sample, expressed as a percentage (%).

8

Procedure

Wwdr)

5ing

(1)

2)

8.1

Preparation of DAX-8 resin

Clean every new batch of DAX-8 resin (6.7) to remove organic impurities with five 0,1 mol/l hydrochloric acid
(6.3) extractions (for 24 h). Renew the solution after each extraction. Repeat this cycle with 0,1 mol/l sodium
hydroxide (6.4). Then, clean the resin thoroughly by Soxhlet extractions (5.9) with acetonitrile (6.5) and methanol
(6.6), each for 24 h. The cleaned resin is stored in methanol (6.6) until use.
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Prior to use, remove the methanol by placing the DAX-8 resin (6.7) in a Blichner funnel (5.7) with a filter (5.6)
and wash the resin under vacuum with water (6.1) that has a volume 20 times that of the resin. Subsequently,
rinse the resin similarly with 0,1 mol hydrochloric acid (6.3) having 10 times the resin volume.

NOTE It has been demonstrated['4 that 250 g of DAX-8 resin (6.7) can be cleaned sufficiently by rinsing with 2 |
water (6.1) and 1 | of 0,1 mol/l hydrochloric acid (6.3). This cleaning sequence can be used to obtain a DOC-free (DOC

generally <2 mg C/I) and acidic (pH 1) resin.

8.2 Determination of total humic acid (HA), fulvic acid (FA) and hydrophilic organic carbon
(Hy) content in solid source materials

Wei
acig
and
equ
app
resi
refri

Ned
Add
pH

equ
304
by d

Acid
unti
app
250
that

Filte
(DO
moi
the
filte
by d
Tran
des
potd
100

A sq

(6.3) to pH 1 to 2. Adjust the solution volume to 200 ml (L/S = 10) with 0,1 mol/l hydrochior|
record the total volume of added hydrochloric acid (1 mol/l and 0,1 mol/l) (V). Close the centr|
librate the suspension by continuous shaking (5.4) for 1 h and centrifuge for 30 \min at 3
ropriate centrifugation conditions as given in Annex C. Remove the supernatant |(FAHYHON
Hue by decantation into a 250 ml bottle (5.2) and record the water volume (%7). Store the
gerator until DAX-8 treatment (see below).

tralize the test portion that remains in the centrifuge bottle with 1 mol/lcsodium hydroxide (6.4)
0,1 mol/l sodium hydroxide under a N2 atmosphere to a final volume of 200 ml (L/S = 10). Check
s > 12 to ensure high HA solubility. If necessary, add 1 mol/l sodium_hydroxide. Close the centr
librate the suspension overnight by continuous shaking (5.4) and centrifuge the suspension fq
Og or at appropriate centrifugation conditions as given in Annéx €. Remove the supernatant from

ify the supernatant to precipitate HA by adding 6 mol/l fiydrochloric acid (6.3) (V2) while continud
a pH of 1,0 is reached. Allow the suspension to stafid.overnight and centrifuge for 30 min at 3 0(
ropriate centrifugation conditions as given in Andex C. Remove the supernatant by decantatio
ml bottle (5.2). Store the solution (FAHYHON>)-n a refrigerator for DAX-8 treatment. Re-diss
remains in the centrifuge bottle in 0,1 mol/Fpotassium hydroxide (6.2) (V'5) and analyse for DO

r the stored solutions (FAHYHON1.2) over a membrane filter (5.5, 5.8) and analyse DOC
CrAHyHONA1,2). Transfer 50 ml (V4 j)©f the filtered solutions to (separate) 100 ml bottles (5.2) and

suspensions. Analyse DOC _(€lause 10) in both solutions (DOCHy1,2). In order to desorb FA,
ed resins to separate 50 ml.bottles (5.2), add 20 ml of 0,1 mol/l potassium hydroxide (6.2) and
ontinuous shaking for 4_h<(5.4). Filter (5.6, 5.7) the suspensions and collect the filtrates in 10(
sfer the filtered resins'to’50 ml bottles (5.2), add 20 ml of 1,0 mol/l potassium hydroxide (6.2) an
prption of FA in three-additional steps (1 h each). The pH should be > 11 and can be adjusted
ssium hydroxide(6.2), if necessary. Collect the four fractions of filtered potassium hydroxide
ml bottle, recerd the total volume (79 .10,i) and analyse DOC (Clause 10) (DOCFA).

hematic.overview of the procedure is given in Annex A.

9

gh the test portion (7.4) in a centrifuge bottle (5.12). Acidify the test portion (My) with 1 molfi Ihydrochloric

c acid (6.3)
fuge bottle,
000g or at
1) from the
bample in a

to pH =7,0.
hat the final
fuge bottle,
r 30 min at
the residue

ecanting into a clean 250 ml centrifuge bottle (5.12) and record the volume of the decanted eluate (/7).

usly stirring
Og or under
h (Vg) into a
plve the HA
C (DOCHA).

(Clause10)
add 10 g of

5t DAX-8 (8.1) (mpax i) to both samples. Equilibrate for 1 h by continuous shaking (5.4) and filter (5.6, 5.7)

transfer the
equilibrate
ml bottles.
i repeat the
with 1 mol/I
n the same

Eluate treatment and storage

Preserve the eluate sub-samples depending on the elements to be analysed and store them in accordance

with

10

the requirements in ISO 5667-3.

Analytical determination

Analyse the samples in accordance with ISO 8245.

11

Blank test

Perform a blank test to determine the DOC contribution from each batch of cleaned DAX-8 resin (8.1). Add 10 g
of moist DAX-8 resin (mpax sL) to 50 ml of 0,1 mol/l hydrochloric acid (6.3) (V4 gL) after previous DOC analysis

© 1SO 2012 — All rights reserved
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(Clause10) (DOCgL1). Allow the resin to settle for 5 min after 1 h of equilibration by continuous shaking (5.4),
and measure DOC (Clause 10) (DOCgL2).

12 Calcu

lation

12.1 General correction factors for the calculation of humic acid (HA), fulvic acid (FA), hy-
drophilic organic carbon (Hy) and hydrophobic neutral organic carbon (HON) in liquid and
solid samples

Correction fectorforacidadeitonusecHrHApreeipitater——Mm8M8Mm —

(V{+72)
=] 3
J1 v, 3)
Correction factors for moisture content from DAX-8, 2 can be used for solid materials,(i/5"FaHyHON1 [and
i = FAHyHONR) and the blank experiments (i = gL):
X x 0,01
f2,i _ MDAX,i * Wm,DAX +1 @)
Vai
DOC contripution of DAX-8 in blank (BL) experiment (mg C/I):
BLpax F (DOCg2 - f28L — DOCgL4) ®)
where
12 is the sample volume after alkaline extraction, centrifugation and decantation for|the
determination of HA, FA, Hy and HON in\solid samples, in millilitres (ml);
|Z) is the added volume of hydrochloric aeid for precipitation of HA, in millilitres (ml);
MDAX,i is the wet mass of DAX-8 apptlied for the adsorption of FA or used in the blank experiment, in
grams (g);
Wm.DAX is the moisture contentof the cleaned DAX-8, as a percentage (%);
Va i is the sample volume-taken into account for the DAX-8 adsorption experiment, in millilitres {ml),
after removal offHA, or the amount of 0,1 mol/l hydrochloric acid used in the blank experinfent.
i = FAHyHON1@nd i = FaHyHON2 for solid materials and i = g in the blank experiments;
DOCgLhL is the DOCconcentration in the 0,1 mol/l hydrochloric acid solution used in the blank experiment
(mg €A); when DOCgL1 < DTL, DOCgl1 = 0;
DOCglp isthe DOC concentration in the 0,1 mol/l hydrochloric acid in the blank experiment after 1|h of
equilibration with DAX-8 (mg C/).
For simplicity, it is recommended that both mpax,; and V4 i be kept constant (10 g and 50 ml, respectively) in

both the samples (FaHyHON1 @nd FaHyHON2) and the blank experiments (i = gL). In this case, the factor f2; will
be constant in all calculations.

© 1SO 2012 — All rights reserved
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12.2 Concentration of total humic acid (HA), fulvic acid (FA), hydrophilic organic ca
and hydrophobic neutral organic carbon (HON) concentrations in solid samples

Dry sample mass (g):

et X(100 = Wiy s )
"ory = 100

Sample moisture (ml):

rbon (Hy)

(6)

2
s

= >
100 My et

V'

Volyme correction for acid addition (J2), and water volume retained in the pellet containing the‘HA (}
Only apply correction if Vp > 0.

VA =V1+V2—V8

Calgulation of Hy1 (mg/kg dry matter):
. (f2,FAHy1 X DOChy, _BLDAX)XV7
V1=
MDry
Calgulation of F4 + HON1 (mg/kg dry matter):
DOC XV
FA+H0N)1 _ FAHYHON; X"'7 _ Hy,
MDry

Ca

tulation of FA1 (mg/kg dry matter):

4
ZDOCFA1,1’ X Vg’i
Fa, ==

MDry
Ca

tulation of Hy2 (mg/kg dry matter):

(DOCHy2 X fZFAHy, ~ BLDAX)X(VM +Vs)
Mp

Hyz =
ry

Ca

tulation of-E4 + HON2 (mg/kg dry matter):

DOCeppyHoN, X (MM +76 )% f1

FA“HON), = Hy,

(7)

(1—Vg) (ml).

(8)

©)

Mpyy

Calculation of F42 (mg/kg dry matter):

4
ZDOCFAZi xV10,i
FA2 = =1

Mpyy
Hy content (mg/kg dry matter):

Hy = Hyq+ Hy,

© 1SO 2012 — All rights reserved
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FA content (mg/kg dry matter):

FA = FAq+ FAy (16)
Calculation of HON (mg/kg dry matter):
HON = (FA+HON), +(FA+ HON), — FA (17)
Calculation of H4 (mg/kg dry matter):
i (l OCia X (VA +V5) = DOCppnyHON, X 1 X VA )X(VM +Vs) (18)
MDry X V1
where
mwet is the wet sample mass, in grams (g);
Wms is the moisture content of the sample, as a percentage (%);
Ve is the added volume of 1 mol/l and 0,1 mol/l hydrochlofic acid to acidify the samp|e to
a pH of 1, in millilitres (ml);
V7 is the recovered supernatant after the 0,1 «mol/l hydrochloric acid extraction, in
millilitres (ml);
Vs is the recovered supernatant after the H4 removal, in millilitres (ml);
|4 is the recovered supernatant aftef,the 0,1 mol/l sodium hydroxide extraction}, in
millilitres (ml);
Vo is the added volume of 6 mal/l hydrochloric acid, in millilitres (ml);
Vs is the added volume of\potassium hydroxide to dissolve the HA fraction, in millilitres
(ml);
Vg is the added yQlume(s) of potassium hydroxide to dissolve FA from DAX-8, 0,1 mol/l
hydrochloric aeid extract; volumes are registered separately (i = 1 to 4);
V10 is the added volume(s) of potassium hydroxide to dissolve FA from DAX-8, 0,1 mol/l
soditm-hydroxide extract; volumes are registered separately (i = 1 to 4);
DOCHA is.the measured DOC concentration of HA4, in milligrams of carbon per litre (mg ¢/1);
DOCFAHyHON1 is the DOC concentration in the recovered supernatant after the 0,1 mol/l hydroch|oric
acid extraction, in milligrams of carbon per litre (mg C/l);
DOCFAHYHON2 is the DOC concentration in the recovered supernatant after the HA4 removail, in
milligrams o1 carbon per liire (mg C/1);
DOChy1 is the measured DOC concentration in the 0,1 mol/l hydrochloric acid extract after
equilibration with DAX-8, in milligrams of carbon per litre (mg C/l);
DOCHy2 is the measured DOC concentration in the extract after H4 removal and the

10

equilibration with DAX-8, in milligrams of carbon per litre (mg C/l);
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DOCEp1 is the DOC concentration in 0,1 mol/l potassium hydroxide after dissolution of F4 from
DAX-8 in the 0,1 mol/l hydrochloric acid extract, in milligrams of carbon per litre (mg
C/l); DOC concentrations are registered separately (i = 1 to 4);

DOCFpa2 is the DOC concentration in 0,1 mol/l potassium hydroxide after dissolution of F4 from
DAX-8 in the 0,1 mol/l sodium hydroxide extract, in milligrams of carbon per litre (mg
C/l); DOC concentrations are registered separately (i = 1 to 4).

13 Expression of results

Regort the result of the determination on a dry-matter basis, in milligrams per kilogram (mg/kg).

14 Test report

Theltest report shall include at least the following details:

a) |areference to this part of ISO 12782;

b) |any information necessary for the complete identification of the sample;

c) |areference to the method used for the analytical determination,,i.e SO 8245;
d) [the result of the determination;

e) |any details that are optional or deviations from the specifications of this part of ISO 12782, and any effects
which may have affected the results.

15 [Performance characteristics

The| performance characteristics of the methed’are described in Reference [14].
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Annex A
(informative)

Schematic representation of the fractionation procedure
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FApci + Hype + HONy HA + FAnaon + HY Naon + HONNaoH

s |1 [ |

Key
1 pentrifugation
2 filtration

3 ptarting pgint for solid samples

HyTdt = HynaoH + HyHcl
FATdt =FANaoH + FAHC
HONore HONpaor——HONH

4  starting point for liquid samples (see ISO 12782-5)
5 HAdissolution 0,1 M KOH

6 TOC analysis

7 DAX-8 addition, 1 h equilibration

8 FAdissolution 0,1 M KOH, 1 h

9 5 min settling

Figure A.1 — Schematic representation of the fractionation procedure
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Annex B
(informative)
Validation of procedure
B.1 General
The validation of the procedure specified in this part of ISO 12782 is also described in Reference [6]./Se¥
choices made in the development of the procedure are described in this annex.
B.2 Notges on the use of cleaned DAX-8
The average moisture content (wm pax) of the cleaned moist resin was (60,3 + 3,4) % (= 5). Small chan
in moisture|content have a limited effect on the final results, so this average valué was used to correct
measured FA and Hy concentrations for the resin’s water content.

After sever
The molec
high-perfor
from resin

B.3 Pr¢

The adsorp
was measu
identified o
of these pr
resin tends
consistent

of compongnts with generally similar structural compositions, although the content of aliphatics within

extracted H
mixtures of
is conclude
the use of t

See Figure

p cleaning of DAX-8, a blank DOC concentration of about 2 mg,C/l was found in the proced
Ilar size of the residual DOC in cleaned DAX-8 was < 100 u' (atomic mass units), baseqg
mance size-exclusion chromatography. Therefore, it is assumed that the residual DOC origin
leeding rather than from residual FA.

liminary investigations of DAX-8 and XAD-8 performance

tion of FA on XAD-8 and DAX-8 was studied ‘at different resin additions and the adsorption
red. Moreover, the reversibility of the adsofption process was measured because FA are gene
n the basis of their adsorption and subsequent desorption from XAD-8[MI1SI161[17] The res
bliminary investigations are given in:B’2 and this subclause. It should be noted that the DA
to adsorb slightly greater amountsAup to 5 %) of FA as compared to XAD-8. These results
vith Reference [18]. These studies concluded that the XAD-8 and DAX-8 resins isolate mixt

S is slightly greater for DAX-8. It should be noted that the results in Reference [18] were base
HA and FA, whereas this annex only focuses on the equivalence for FA sorption and desorptid
i that XAD-8 and DAX-8 are equivalent with regard to the estimation of FA concentrations and
nis procedure with"DAX-8 is compatible with the standard procedures recommended by the IH

5 B.1 and B2,

eral

ges
the

ure.
on
htes

ime
rally
ults
X-8
are
ires
the
i on
n. It
that
SS.
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100

80 g

60!

40

Key
X pmount of moist XAD-8/DAX-8, in grams (g)
Y FA adsorbed, as a percentage (%)

NOTE The circles represent experiments with XAD-8 resin whereas the squares show the results with DAX-8 resin. The
vertical line indicates the amount of resin selected for the standard procedute.

Figure B.1 — Adsorption of Elliot soil FA(28 mg C/I) as a function of
the amount of XAD-8 or DAX-8 resin (moist)

Y| Y
100 | 100 - =
e ] H

80 |- r ° 80 |

60 } 60 v

o | a0 |

|
20 | 20
0 II l | l l 0 | TP S R N I
0 1 2 3 4 5 0 1 2 3 4
X X
a) b)

Key Key
X pdsorption time, in hours (h) X desorption step
Y FA.adsorbed, as a percentage (%) Y FA adsorbed, as a percentage (%)

NOTE The experiments were performed with 10 g of moist resin for 50 ml of sample solution. The vertical line indicates
the selected adsorption time for the standard procedure.

Figure B.2 — Adsorption of FA as a function of time [a)] and desorption
characteristics of XAD-8 and DAX-8 [b)] for Elliot soil FA (28 mg C/I)

B.4 Concentration-dependent precipitation behaviour of HA

Figure B.3 reflects the HA recovery from precipitation as a function of the measured HA concentrations. The
fitted relationships for solid and aquatic HA can be used to approximately account for the precipitation efficiency.
Please note that these general relationships might not be adequate enough in specific samples.
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Y1 Y2 Y3
100 100 e 100
80 80 f 80 r
60 60 [+ o 60 |
Y
40 40 pte 8 40 -&0
A o
20 20 “‘q., s, 20 1 %, o2,
0 ' 0 L 0 LA e AP
0 25 50 75 100 125 0 25 50 75 100 125 0 25 50 75 100 125
X X X
a) b) c)
Key
X HA meagured (mg C/I)
Y1 recovery} as a percentage (%) of HA
Y2 recovery] as a percentage (%) of FA
Y3 recovery} as a percentage (%) of Hy
NOTE Theg open symbols represent isolated aquatic HA: Suwannee river (citele), Landfill Ieachate (square)|and
Zwanenwatef (triangle). The solid line is the fitted curve [y = 10,46 In(x) + 32:83) #2 = 0,86, n = 38; r2: coefficieht of
determinatioh] based on data from peat, soil, compost and the HA derived from‘the landfill waste mixture; the dashed line
is the fitted HA concentration dependency [y = 8,28 In(x) + 12,88, 2 = 0,52, %= 27] based on the data from three aqfatic
HA samples| Graphs b) and c) show the percentage of DOC (originating fream HA) measured as FA and Hy, respectipely,

as a function

Figure B.
(black squ
com

B.5 Ch

Additional €
obtained af
concentrati
by high-pre
to 665 nm)
extinction g

seems to be

the absorb4g
should be n
to be comp

of the measured HA.
3 — Recovery of purified HA as a function of .the measured HA concentration for the pe

post (black circle) and the landfill waste mixture (+) solid-source materials [Graph a)]
(HON was not detected in these samples)

pmical characterization-of HA precipitates obtained at different concentratiq

xperiments were performed with HA isolated from compost, to chemically characterize the fract

at

are), Elliot soil (black triangle), Elliot soil-after high-speed centrifugation (black diamond),

NS

ons

different concentrations in the batch method. HA fractions precipitated at five different i
bns (10 mg to 100,mg-C/1) were again purified by dialysis, freeze-dried and chemically character|
cision size-exclusion chromatography (HPSEC), ultraviolet/visible (UV/VIS) absorbance (254
and elemental-analysis (C, H, N, O). The results are shown in Tables B.1 (where ¢ is the
oefficient)-and B.2. The HPSEC chromatograms are shown in Figure B.4. The E465/E665

itial
zed
nm
olar
atio

(other than the peak helght due to dlfferent concentratlons) no S|gn|f|cant dlfferences in the apparent molecular
size distribution. It is therefore concluded that these techniques reveal no significant differences between the
HA fractions that were precipitated from low to high concentrations (0,5 mg to 100 mg C/I).

16
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Table B.1 — UV/VIS characteristics of previously purified compost HA (original) and reprecipitated
compost HA samples that were subsequently dissolved at different concentrations
(Aromaticity was calculated from the absorbance at 254 nm according to Reference [19].)

o E3oo) | E465 i
Precipitation DOC 254 280 300 400 465 665 E400 E6§5 £(254) Aromaticity
ratio
concentration (g;lg)’ (:;r; ) (:g; ) (:bms ) (:ITs ) (:g; ) (:l;ns ) (-) ) mol/l-cm %
Original 151 | 0,767 | 0,668 | 0,577 | 0,233 | 0,124 | 0,018 2,5 6,9 611 33,3
10 mg Cl/I 13,5 | 0,731 | 0,626 | 0,541 | 0,235 | 0,142 | 0,058 2,3 2,5 556 34,5
20 mg C/I 15,2 | 0,769 | 0,677 | 0,585 | 0,261 | 0,154 | 0,058 2,2 2,7 534 33,4
0mgCl/l 13,6 | 0,743 | 0,645 | 0,553 | 0,25 0,145 | 0,054 2,2 2,7 568 351
0 mg Cl/l 14,4 | 0,767 | 0,675 | 0,584 | 0,25 0,145 | 0,055 2,3 2,6 561 34,8
1P0 mg C/I 14,7 | 0,803 | 0,703 | 0,608 | 0,255 0,15 0,058 2,4 2,6 572 354

and purified with the conventional isolatien procedure.)

Table B.2 — Elemental analysis of previously purified compost HA (6riginal) and reprediipitated
compost HA samples that were subsequently dissolved at.different concentrations
(Elemental composition was determined on a dry-matter basis. The original material was isglated

Precipitation C H N (6] Sum CHNO OfC ratio
concentration % % % % % -)
Original 55,78 4,82 17,77 27,71 96,1 0,61
10 mg C/I 53,31 4,46 6,84 29,17 93,8 0,53
20 mg C/I 54,52 4,83 7.4 29,04 95,8 0,57
30 mg C/I 53,35 4,74 7,26 20,55 85,9 0,56
50 mg C/I 53,86 4,77 719 271 92,9 0,55
100 mg C/I 54,27 4,79 7,3 27,12 93,5 0,61

© 1SO 2012 — All rights reserved
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Y
190
—— 100 mg C/I
150
—— 50mgC/l
—— 30mgC/l
110 |- ——— 20mgCll
10 mg C/I
70
30 B k
0 T __
-10
-30 1 1 1 1
0 5 10 15 20

Key
X time, in thin
Y absorpti¢pn, in mAU (milli- absorbance unit)

Figure B.4|— HPSEC chromatograms of previously purified compost HA (original) and reprecipitdted
cpopmpost HA samples that were subsequently dissolved at different concentrations

18 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=6289101e7f0e49e7eede6df1ad516eb0

	Foreword
	Introduction
	1	Scope
	2	Normative references
	3	Terms and definitions
	4	Principle
	5	Apparatus
	6	Reagents
	7	Sample pretreatment
	7.1	Sample size
	7.2	Particle size reduction
	7.3	Determination of dry residue
	7.4	Test portion
	8	Procedure
	8.1	Preparation of DAX-8 resin
	8.2	Determination of total humic acid (HA), fulvic acid (FA) and hydrophilic organic carbon (Hy) content in solid source materials
	9	Eluate treatment and storage
	10	Analytical determination
	11	Blank test
	12	Calculation
	12.1	General correction factors for the calculation of humic acid (HA), fulvic acid (FA), hydrophilic organic carbon (Hy) and hydrophobic neutral organic carbon (HON) in liquid and solid samples
	12.2	Concentration of total humic acid (HA), fulvic acid (FA), hydrophilic organic carbon (Hy) and hydrophobic neutral organic carbon (HON) concentrations in solid samples
	13	Expression of results
	14	Test report
	15	Performance characteristics
	Annex A
(informative)

Schematic representation of the fractionation procedure
	Annex B
(informative)

Validation of procedure
	Annex C
(informative)

Conditions regarding centrifugation
	Bibliography

