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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 with 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
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consists of the following parts, under the general title Soil quality < ‘Parameters for geochenypical
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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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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.
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Soil quality — Parameters for geochemical modelling of
leaching and speciation of constituents in soils and materials —

Part 5:
Extraction of humic substances from aqueous samples

1 [Scope

Thig part of ISO 12782 specifies a procedure to determine the concentration of humic sdbstances|in aqueous
sanjples. These samples may be obtained as such or as eluates from leaching procedures appliged to soil or
othgr materials. Other materials also include waste. The content of humic substanc¢es’can 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 referencesythe latest edition of the referenced document
(including any amendments) applies.

ISO| 3696, Water for analytical laboratory use — Specification and 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)

3 |Terms and definitions

For the purposes of this documeiit;‘the following terms and definitions apply.

31
dissolved organic carbon
DOC
sun of organically"beund carbon present in water originating from compounds (including clyanate and
thiopyanate) which-will pass a membrane filter of pore size 0,45 pm

3.2
hunmic substance
HS
(partiall decompasition product from plant and animal tissue

NOTE 1 Humic substances form a series of relatively high-molecular-weight, brown-to-black-coloured substances
formed by secondary synthesis reactions.

NOTE 2  The term is used as a generic name to describe coloured material or its fractions (e.g. humic and fulvic acids)
obtained on the basis of solubility characteristics.

3.3

humic acid

HA

fraction of a humic substance that is not soluble in water under acidic conditions (pH <1 to 2) but is soluble at
higher pH values

NOTE Humic acids are dark brown to black in colour.

© 1S0O 2012 — All rights reserved 1


https://standardsiso.com/api/?name=011ecc3d6b5df44eaec0ab8951bd5c92

ISO 12782-5:2012(E)

3.4
fulvic acid
FA

fraction of a humic substance that is soluble in water under all pH conditions

Fulvic acids remain in solution after removal of humic acid by acidification.

Fulvic acids are light yellow to yellow-brown in colour.

hydrophilic organic carbon

NOTE 1
NOTE 2

3.5

Hy

organic car
NOTE I
identified as
Clause 8. Hy
ratios than h
low-molecul
3.6
hydrophob
HON

bon compound consisting of non-humic and humic-like substances

h this part of ISO 12782, Hy is essentially regarded as the extractable organic carbon fraction that is
humic acid, 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
mic acids and fulvic acids. Examples of compounds are: oxidized carbohydrates with carbexylic acid grg
r-weight carboxylic acids, and sugar phosphates.

ic neutral organic carbon

not
bd in
H/C
ups,

difference lbetween the amount of adsorbed fulvic acid and hydrophilic grganic carbon and the amount of

desorbed fU
NOTE H

3.7
laboratory
sample inte]

[ISO 11074:

3.8
test sampl

Ivic acid

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

sample
hded for laboratory inspection or testing

D005]

=)

-

sample, prg¢pared from the laboratory sample, from which the test portions are removed for testing o

analysis; th
sample pre

NOTE Ad

3.9
test portio
analytical

s portion of material, resulting:from the laboratory sample by means of an appropriate methg
reatment, and having the'size (volume/mass) necessary for the desired testing or analysis

ppted from ISO 11074:2005.

N
bortion

quantity of material, of.proper size, for measurement of the concentration or other property of interest, remd

from the teq

NOTE1 1

t sample

[he.test portion may be taken from the primary sample or from the laboratory sample directly if no prepar

for
d of

ved

htion

of sample is
NOTE 2
[ISO 11074:
3.10

required (e.g. with liquids), but usually it is taken from the prepared test sample.

2005]

soil material
excavated soil, dredged material, manufactured soil, treated soil and fill material and other relevant materials,
including soil amendments and waste materials

A unit or increment of proper homogeneity, size, and fineness, needing no further preparation, may be a test portion.
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4 Principle

Specific dissolved organic carbon species are isolated based on defined operational conditions. Humic acids
are precipitated at pH 1 and fulvic acids (and the hydrophobic organic neutral fraction) are adsorbed onto DAX-
8 resin. The organics remaining in solution after resin addition are classified as hydrophilic organic substances.
The DOC concentrations are measured after every step, from which the individual concentrations of humic and
fulvic acids, hydrophobic organic neutrals, and hydrophilic organic substances, are calculated.

5 Apparatus

The[following apparatus shall be used. All materials that come in contact with the sample (material pr reagents)
shopld not contaminate the compounds to be determined or adsorb the compounds of interest:

5.1| Balance, with an accuracy of 0,1 g.
5.2| Usual laboratory glass or plastic ware, rinsed in accordance with ISO 5667+3.
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 that they cafybe shown to provide equivalent resiilts.

5.5| Filtration apparatus, either a vacuum filtration device\(between 2,5 kPa and 4,0 kPa) or a high-pressure
filtrgtion apparatus (<0,5 MPa). Cleaning is compulsory:

5.6 | Filters, pore size 20 um, for use in the Bichfher-funnel filtration device (5.7).
5.7| Biichner-funnel filtration device.

5.8| Membrane filters, for the filtration device, fabricated from inert material with a pore size pf 0,45 um.
Filtgrs shall be pre-washed with demineralized water in order to remove DOC.

5.9| Soxhlet extraction device.
5.1Q Soxhlet extraction thimbles, glass-fibre extraction thimbles for Soxhlet extraction device (§.9).
5.11 Centrifuge; preferably at 3 000g. For other appropriate conditions, see Annex C.

5.12 Centrifuge bottles, e.g. polycarbonate, of capacity 250 ml, cleaned with distilled and dgmineralized
water.and 'diluted acid (HNO3) before use.

5.13 Crushing equipment: jaw crusher or cutting device.
5.14 Sieving equipment, with a nominal screen size of 2 mm or 4 mm.

6 Reagents

The reagents used shall be of analytical grade and the water used shall comply with grade 3 in accordance
with 1ISO 3696.

6.1 Demineralized water, deionized water or water of equivalent purity (5 < pH < 7,5) with a conductivity
< 0,5 mS/m according to grade 3 specified in ISO 3696.

© 1S0O 2012 — All rights reserved 3
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6.2 Potassium hydroxide, ¢(KOH) = 0,1 mol/l and 1 mol/l.
6.3 Hydrochloric acid, ¢(HCI) = 0,1 mol/l to 6 mol/l.

6.4 Sodium hydroxide, ¢(NaOH) = 0,1 mol/l to 5 mol/l.

6.5 Acetonitrile, (CH3CN), suitable for liquid chromatography.

6.6 Methanol, (CH30H), suitable for liquid chromatography.

6.7 DAXi8 resin, e.g. Sigma-Aldrich?).
NOTE arious 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 tegted.
See Annex H for information.

6.8 Nitri¢ acid, c(HNO3) = 0,1 mol/l.

7 Sampling

7.1 Labgratory sample

The laboratpry sample shall consist of a volume to at least 50 ml.

7.2 Testsample

The samplef shall be tested on filtered (0,45 pm) liquids. The test samples can be of diverse origins and shoulfl be
stored in a refrigerator. To avoid changes in the sampleS)during storage, NaN3 (0,1 % in solution) can be added.

Samples thiat have been spiked with NaN3 should'be processed in a fume hood. NaN3 decomposes upder
acidic condltions, releasing toxic gasses.

7.3 Test portion

Based on eluate volume requirements for analysis, the test portion size shall be 50 ml (with a tolerance of +1Q %).

8 Procedure

8.1 Preppration.of/ DAX-8 resin

Clean every néw'batch of DAX-8 resin (6.7) to remove organic impurities with five 0,1 mol/l hydroch|oric
acid (6.3) gxtractions (for 24 h). Renew the solution after each extraction. Repeat this cycle with 0,1 rhol/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.

Prior to use, remove the methanol by placing the DAX-8 resin (6.7) in a Biichner 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/l hydrochloric acid (6.3) having 10 times the resin volume.

NOTE It has been demonstrated!['] that 250 g of DAX-8 resin (6.7) can be cleaned sufficiently by rinsing with 2 | of
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/l) and acidic (pH 1) resin.

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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8.2 Determination of total humic acid (HA), fulvic acid (FA) and hydrophilic organic carbon
(Hy) content in aqueous samples

Weigh the test portion (7.3) in a centrifuge bottle (5.12). Acidify the test portion (M) with 1 mol/l hydrochloric
acid (6.3) to pH 1 to 2. Adjust the solution volume to 200 ml (L/S = 10) with 0,1 mol/l hydrochloric acid (6.3)
and record the total volume of added hydrochloric acid (1 mol/l and 0,1 mol/l) (V6). Close the centrifuge bottle,
equilibrate the suspension by continuous shaking (5.4) for 1 h and centrifuge for 30 min at 3 000g or at
appropriate centrifugation conditions as given in Annex C. Remove the supernatant (FAHyHON1) from the
residue by decantation into a 250 ml bottle (5.2) and record the water volume (V7). Store the sample in a

refri

gerator until DAX-8 treatment (see below).

Ned
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9

Pre
with

10

tralize the test portion that remains in the centrifuge bottle with 1 mol/l sodium 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 ‘eentr
librate the suspension overnight by continuous shaking (5.4) and centrifuge the suspension fq
Og or at appropriate centrifugation conditions as given in Annex C. Remove the supérnatant from

ify the supernatant to precipitate HA by adding 6 mol/I hydrochloric acid (6-3) (¥2) while continug
a pH of 1,0 is reached. Allow the suspension to stand overnight and centrifuge for 30 min at 3 0(
ropriate centrifugation conditions as given in Annex C. Remove the supérnatant by decantatio
ml bottle (5.2). Store the solution (FAHYHON?>) in a refrigerator fo DAX-8 treatment. Re-diss
remains in the centrifuge bottle in 0,1 mol/l potassium hydroxide(6.2) (V'5) and analyse for DO

r the stored solutions (FAHyHON1 ) over a membranefilter (5.5, 5.8) and analyse DOC
CFAHyHONA1,2). Transfer 50 ml (V4,j) of the filtered solutions.to (separate) 100 ml bottles (5.2) and

suspensions. Analyse DOC (Clause 10) in both solutions (DOCHy+1,2). In order to desorb FA,
ed resins to separate 50 ml bottles (5.2), add 20wl of 0,1 mol/l potassium hydroxide (6.2) and
ontinuous shaking for 1 h (5.4). Filter (5.6, 5.#)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, record the total volume ('9'10,i) and analyse DOC (Clause 10) (DOCFA ).

hematic overview of the procedure is given in Annex A.
Eluate treatment @nd storage
berve the eluate-stb-samples depending on the elements to be analysed and store them in

the requirements in ISO 5667-3.

Analytical determination

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
blve the HA
C (DOCHA).

Clause 10)
add 10 g of

5t DAX-8 (8.1) (mpax i) to both samples. Equilibrate fop1 h by continuous shaking (5.4) and filter (5.6, 5.7)

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

accordance

Ang

lyse 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/I hydrochloric acid (6.3) (V4,gL) after previous DOC analysis
(Clause 10) (DOCgL1). Allow the resin to settle for 5 min after 1 h of equilibration by continuous shaking (5.4),
and measure DOC (Clause 10) (DOCBL2).
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12 Calculation

12.1 General correction factors for the calculation of humic acid (HA), fulvic acid (FA), hydro-
philic organic carbon (Hy) and hydrophobic neutral organic carbon (HON) in aqueous samples

Correction factor for acid addition used in HA precipitation:

V1 + V2
_(n+72) (1)
g
Correction factors for moisture content from DAX-8, /2,; can be used Tor aqueous samples (1 = L) and the.bjJank
experiments$ (i = pL):
i X % 0,01
foi = MDAX,i * Wm,DAX 1 )
Va,i
DOC contripution of DAX-8 in blank (BL) experiment, in milligrams of carbon per litre (mg|C/):
Blpax § (DOCgy 2 - f28 — DOCgy 1) 3)
where
V4 is the sample volume used for the determination of HA,€€AYHy and HON in aqueous sampgles,
in millilitres (ml);
V2 is the added volume of hydrochloric acid for precipitation of HA, in millilitres (ml);
MDAX,i is the wet mass of DAX-8 applied for the adsorption of FA or used in the blank experiment, in
grams (g) (see the last paragraph of this subclause);
Wm, DA is the moisture content of the cleaned:PAX-8, as a percentage (%);
Va,i is the sample volume taken inta*account for the DAX-8 adsorption experiment, in millilitres {ml),
after removal of HA, or the ameunt of 0,1 mol/l hydrochloric acid used in the blank experiment
(see the last paragraph ofithis subclause). i = | for aqueous samples and i = g in the bjank
experiments;
DOCgl}i is the DOC congentration in the 0,1 mol/l hydrochloric acid solution used in the blank
experiment (mgl€/t); when DOCgL1 < DTL, DOCgL1 = 0;
DOCgp is the DOG concentration in the 0,1 mol/l hydrochloric acid in the blank experiment after 1|h of
equilibration with DAX-8 (mg C/I).
For simplicity, it is_recommended that both mpax, and V4 i be kept constant (10 g and 50 ml, respectively) in
both the samples(i*= ) and the blank experiments (i = gL). In this case, the factor f2; will be constant if all
calculationg.

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=011ecc3d6b5df44eaec0ab8951bd5c92

ISO 12782-5:2012(E)

12.2 Concentration of total humic acid (HA), fulvic acid (FA), hydrophilic organic carbon (Hy)
and hydrophobic neutral organic carbon (HON) concentrations in aqueous samples

Concentration of HA in solution, in milligrams of carbon per litre (mg C/l), corrected for DOC concentration of
remaining water in HA pellet after centrifugation (containing small concentration of FA + Hy). Only apply the
correction if /4 — V3> 0.

_ DOCyp xVs (V1= V3)* DOCeapyHoN * f4
2 1000

HA

4)

Concentration-of- Hhvin-solution—in-milligrams-of carbonperlitre-{mag-C/h-
RHaHoR-oHy-hR O R HR-RRHHG R HeaBeRper—HFeHg-=r)-

Hy = DOChy X f5 | — Blpax ()

Concentration of FA + HON in solution, in milligrams of carbon per litre (mg C/I):

|:FA + HON:| = (DOCFAHyHON X f1 ) - Hy (6)

Corcentration of DOCFka after correction of blank DAX-8 contribution, in miltigrams of carbon per lifre (mg C/I).
Only apply if DOCFA measured,i — DOCBL,pAX > 0, otherwise 0 is used:

IDOCEp i = DOCEA measured,i — POCBL pax (7)

Corlcentration of FA in solution, in milligrams of carbon pes litre (mg C/I):

4
D DOCep; % V11

F4 = 1= (8)
VaL

Corlcentration of HON in solution, in milligrams of carbon per litre (mg C/I):

HON =[ FA+ HON |- FA )
whegre

DOCHa is the measured DOC concentration of HA, in milligrams of carbon per lifre (mg C/l);

Vs is the added volume of potassium hydroxide to dissolve the HA fraction [in millilitres
(ml);

V3 is the volume of supernatant after acid precipitation and centrifugation,|in millilitres
(ml);

i is—the—added—volume(s)-ofpotassium—hydroxide—to—dissolve—FA—from DAX-8 in

aqueous samples; volumes are registered separately (i = 1 to 4);

DOCFAHyHON is the measured DOC concentration of the sample after removal of HA, in milligrams
of carbon per litre (mg C/l);

DOChy is the measured DOC concentration of the sample after equilibration with DAX-8, in
milligrams of carbon per litre (mg C/1);

DOCFA measured,i is the DOC concentration(s) in 0,1 mol/l potassium hydroxide after dissolution of FA
from DAX-8 in aqueous samples, in milligrams of carbon per litre (mg C/I). DOC
concentrations are registered separately (i = 1 to 4).
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13 Expression of results

Report the concentration of HA, FA, Hy and HON in the sample, in milligrams of carbon per litre (mg C/I).

14 Test report

The test report shall include at least the following details:

a reference to this part of ISO 12782;

rmation nacessarv for the camnlete identification of the samnla:
J L L]

a referg¢nce to the method used for the analytical determination, i.e. ISO 8245;

which fnay have affected the results.

a)
b) any inf
c)
d) theres
e) anyde
15 Perfo

The perforn

it of the determination;

ails that are optional or deviations from the specifications of this part of ISO 12782) and any effects

'mance characteristics

nance characteristics of the method are described in Reference{15]:
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Schematic representation of the fractionation procedure
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10

FApcr + Hype + HON e

HA + FAnaon *+ HY Naor + HONnaon

3 | E— 4 |
| HON |
T i
. TR .
- | [l
| ‘
o |
L |
|

: HON :
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

centrifugation

filtration

starting point for sglid samples (see ISO 12782-4)

starting point for liquid samples

HA dissdlution.0,1 M KOH

TOC an i

DAX-8 addition, 1 h equilibration

FA dissolution 0,1 M KOH, 1 h

5 min settling

Figure A.1 — Schematic representation of the fractionation procedure
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Validation of procedure

General

The
cho

B.2

The

in npoisture content have a limited effect on the final results, so this averagevalue was used to

med

Aftd
The
perf
resi

B.3

The
was
ider
of t
resi
con
of d
extr|
mix
isc
the

See

validation of the procedure specified in this part of ISO 12782 is also described in Reference(
ces made in the development of the procedure are described in this annex.

Notes on the use of cleaned DAX-8

average moisture content (wm pax) of the cleaned moist resin was (60,3 +'3,4) % (rn = 5). Sm

sured FA and Hy concentrations for the resin’s water content.

r severe cleaning of DAX-8, a blank DOC concentration of abgut 2 mg C/I was found in the
molecular size of the residual DOC in cleaned DAX-8 was < 100 u (atomic mass units), bas
ormance size-exclusion chromatography. Therefore, it is assumed that the residual DOC orig
N bleeding rather than from residual FA.

Preliminary investigations of DAX-8.and XAD-8 performance

adsorption of FA on XAD-8 and DAX-8 was\studied at different resin additions and the ads
measured. Moreover, the reversibility of theé adsorption process was measured because FA a
tified on the basis of their adsorptiomand subsequent desorption from XAD-8[121[16]1[17](18],
nese preliminary investigations aregiven in B.2 and this subclause. It should be noted that
N tends to adsorb slightly greater‘amounts (up to 5 %) of FA as compared to XAD-8. These
Sistent with Reference [19]. ThHese studies concluded that the XAD-8 and DAX-8 resins isolg
omponents with generally (sitilar structural compositions, although the content of aliphatic
acted HS is slightly greater for DAX-8. It should be noted that the results in Reference [19] we
ures of HA and FA, whereas this annex only focuses on the equivalence for FA sorption and d
bncluded that XAD-8and DAX-8 are equivalent with regard to the estimation of FA concentratic
use of this procedure with DAX-8 is compatible with the standard procedures recommended b

Figures B.1.and B.2.

5:2012(E)

15]. Several

all changes

correct the

procedure.
ed on high-
inates from

prption time
e generally
The results
the DAX-8
results are
te mixtures
5 within the
e based on
bsorption. It
ns and that
y the IHSS.
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100

80 g

60,

40

Key
X amount ¢f moist XAD-8/DAX-8, in grams (g)
Y FAadsoibed, as a percentage (%)

NOTE Thecircles represent experiments with XAD-8 resin whereas the squares shoWw the results with DAX-8 resinThe
vertical line indicates the amount of resin selected for the standard procedure.

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

Y Y
100 | 100 - =
[} ] H

80 |- T ° 80

60 } 60 .

a0t a0 |

|
20 | 20
0 I| l l 1 l 0 | P S B I
0 1 2 3 4 5 0 1 2 3 4
X X
a) b)

Key Key
X adsorpti¢n time} in hours (h) X desorption step
Y FA adsoibéd, 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 -g 100 +
80 80 80 |
60 60 [* o 60 |
&, ° i
40 40 e, o ° 40
_%A oa g A O 405
28 - 28 ’ .3 '*.A‘ " i'.” . 28 m‘f% ﬁﬁ; "4 A
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 measured (mg C/I)

Y1 fecovery, as a percentage (%) of HA
Y2 fecovery, as a percentage (%) of FA
Y3 fecovery, as a percentage (%) of Hy

NOT

E The open symbols represent isolated aquatic HA: Suwannee<river (circle), Landfill leachate (square) and

Zwahenwater (triangle). The solid line is the fitted curve [y = 10,46 IA(x) + 32,93, 2 = 0,86, n = 3; r2: goefficient of
detgrmination] based on data from peat, soil, compost and the HA derived from the landfill waste mixture; th¢ dashed line
is the fitted HA concentration dependency [y = 8,28 In(x) + 12,88, r2=0,52, n = 27] based on the data from three aquatic
HA $amples. Graphs b) and c¢) show the percentage of DOC (originating from HA) measured as FA and Hy,|respectively,

as a

function of the measured HA.

Figure B.3 — Recovery of purified HA as a fufiction of the measured HA concentration fof the peat
(black square), Elliot soil (black triangle), Elliot soil after high-speed centrifugation (black|diamond),

B.5

Add
obtd
con
by Hh
to 6
exti
see
the
sho

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

Chemical characterization of HA precipitates obtained at different concentrations

itional experiments were,performed with HA isolated from compost, to chemically characterize the fractions
ined at different concentrations in the batch method. HA fractions precipitated at five different initial
centrations (10 mgto 100 mg C/I) were again purified by dialysis, freeze-dried and chemically characterized
igh-precision-size-exclusion chromatography (HPSEC), ultraviolet/visible (UV/VIS) absorbangce (254 nm
65 nm) and-elemental analysis (C, H, N, O). The results are shown in Tables B.1 (where ¢ is the molar
hction coefficient) and B.2. The HPSEC chromatograms are shown in Figure B.4. The E464/E665 ratio
ms to.be higher in the original sample; this property is not reflected in the other isolates. It is inclear why
Absorbance of the original sample at 665 nm is relatively low in comparison with all other resultq, although it
Lld’be noted that very little absorption is measured at this wavelength. The other chemical propgrties seem

to be comparable with each other, irrespective of the sample. The HPSEC chromatograms (Figure B.4) show
(other than the peak height due to different concentrations) no significant differences 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).
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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 [20].)

_— E300) | 48 -
Precipitation DOC 254 280 300 400 465 665 E400 E6(:35 £(254) Aromaticity
ratio
Concentration (g;g (::;) (:bms) (::;) (:S;) (:l;ns) (:s;) (‘) (‘) mol/l-cm %
Original 15,1 0,767 | 0,668 | 0,577 | 0,233 | 0,124 | 0,018 2,5 6,9 611 33,3
10 mg C/I 13,5 0,731 | 0,626 | 0,541 | 0,235 | 0,142 | 0,058 2,3 2,5 556 34,5
20mg C 15,2 0,769 | 0,677 | 0,585 | 0,261 | 0,154 | 0,058 2,2 2,7 534 384
30 mg C 13,6 0,743 | 0,645 | 0,553 0,25 0,145 | 0,054 2,2 2,7 568 35,1
50 mg C 14,4 0,767 | 0,675 | 0,584 0,25 0,145 | 0,055 2,3 2,6 561 34,8
100 mg C{l 14,7 0,803 | 0,703 | 0,608 | 0,255 0,15 0,058 2,4 2,6 572 354

Table B|2 — Elemental analysis of previously purified compost HA (original)\and reprecipitated
compost HA samples that were subsequently dissolved at different conéentrations. Elementa
composition was determined on a dry-matter basis
(The original material was isolated and purified with the conventional-isolation procedure.)

Preciﬁitation C H N (0] Sum CHNO O/C ratio
conceptration % % % % % (-)
Original 55,78 4,82 7,77 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 53,35 474 7,26 20,55 85,9 0,56
50 r{mg C/ 53,86 4,77 719 271 92,9 0,55
100 Jng C/ 54,27 4,79 7,3 2712 93,5 0,61
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Y
190
—— 100 mg C/I
150 |
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—— 30mgCl/l
110 - ~ 20mgCl
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70 |
30 |+
0 = =
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Key
X ftime, in min
Y pbsorption, in mAU (milli- absorbance unit)

Figure B.4 — HPSEC chromatograms of previously purified compost HA (original) and repfecipitated
compost HA samples that were subsequently dissolved at different concentrations
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Annex C
(informative)

Conditions regarding centrifugation

C.1 General

According tp this part of ISO 12782, the first step of the solid/liquid separation shall be done by centrifugafion.
It is recommended centrifuging at 3 000g for 30 min.

However, i is possible to get the same separation efficiency at other centrifugation conditions (shqrter
centrifugatipn time at higher centrifugation speed or extended centrifugation time at lawer” centrifuggtion
speed). In prder to ensure reproducibility of the centrifugation, the following principles shall be consid¢red
when devialing from the recommended centrifugation procedure.

Generally the relative centrifugal force (Fc r, in g) depends on the rotor speed, = (revolutions per minute, min~1)
and the rotgr radius, r (in cm), and is calculated using Equation (C.1):

Fg, =0]000 01118x ()% xr C.1)
Drawing on|this, each rotor has a specific k-factor that describes its pélleting efficiency. The lower the k-fagtor,
the more efficient the pelleting will be.

This factor ¢an be used to determine the time required for reproducible centrifugation at different rotor spegds.
The k-factof can be calculated using Equation (C.2):
2,58 (In —Inr.,;
i = ( ’”ma;( rmln)x1011 (.2
(n)
where

k is the rotor-specific factor;

’'max is the maximum radius/from the axis, in centimetres (cm);

rmin is the minimumrradius from the axis, in centimetres (cm);

n is the rotof:speed, in revolutions per minute (min~1).

To calculat¢ the time*needed at different rotor speeds to get the same centrifugation result, the i-factorg for
both rotor s})eeds shall be calculated. Using Equation (C.3), the times can be determined:

ty =ty 2 (C.3)

ke
where

ka is the rotor-specific factor at rotor speed a;

kp is the rotor-specific factor at rotor speed b;

ta is the centrifugation time for rotor speed a, needed to achieve the same separation efficiency as for

rotor speed b in the time #y,, in minutes (min);

tp is the centrifugation time for rotor speed b, in minutes (min).

16
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