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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
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al Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
task of technical committees is to prepare International Standards. Draft International Standa
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Introduction

When assessing soils contaminated with, for example, metals, soil ingestion, especially by children, is often

considered to be the most important exposure pathway. Currently, this assessment is often carried
basis of the total content of the metals in question in the soil. However, several studies sugge
availability of the metals in the gastrointestinal tract is dependent on the form of the metals prese

remediation of contaminated land, International Standards on the assessment/6f eontaminated soil
with regard to human health, are in great demand. International Standards inythis complex field wil
cofnmon scientific basis for the exchange of data, development of (knowledge and sound
Fufthermore, International Standards will facilitate international recommendations and regulations.
thig Technical Specification is to describe the elements of such an jn Witro test system, and give ad
appropriate combination and use of these elements in the specifi¢-situation.

In
cir
ad

human health-risk assessment, “bioavailability” is specifically used in reference to absorption inf
ulation, consistent with the toxicological use of the term«Fhis encompasses bioaccessibility, whi
ombined measure of the processes determining the_.ifiteraction between the metal associated w
and the liquid in the human digestion system. Bioavailability furthermore includes the absorp
comtaminant through a physiological membrane and*the metabolism in the liver. The bioavailable
thus the fraction left after release into the human digestive liquid, transport across the intestinal epit
mdtabolism in the liver. A further description of\these processes is given in Clause 4.

When considering bioavailability as the:ffaction of the chemical that is absorbed into systemic circt
ope¢rational definitions are important, yabsolute and relative bioavailability. Absolute bioavailab
fragtion of the applied dose that is absorbed and reaches the systemic circulation (and can never
thgn 100 %). Relative bioavailability represents a comparison of absorption under two differe
comditions, for example, from'\a’soil sample vs. food or another matrix used in a toxicity study, 3
grdater than or less than 1. Fhis factor can be used in exposure assessments for exposure by direg
of soil, for instance, if~-the absolute bioavailability of the metal in the specific soil is suspecte
sigpificantly from the-absolute bioavailability implicit in the toxicity value/quality criteria used.
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Soil quality — Assessment of human exposure from ingestion
of soil and soil material — Guidance on the application and

selection of physiologically based extraction methods for the
estimation of the human bioaccessibility/bioavailability of

metatsinsoil
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s Technical Specification deals with the assessment of human exposure, from ingestion of sg

s Technical Specification gives guidelines to be used when choosing a physiologically

prg

us
on

hig

Th
ref
do

1S(C

3
Fo
3.1

ab
prg

of as many generic-method elements as possible, but it s ‘important that the choice of methog

hlighted.

Normative references

following referenced documents are indispensable for the application of this document.
rences, only the edition cited applies. For undated references, the latest edition of the
cument (including any amendments) applies.

W

D 11074, Soil quality — Vocabulary

Terms and definitions

the purposes-of this document, the terms and definitions given in ISO 11074 and the following a

sorption
cess by which a body takes in substance and makes it a part of itself

il and saoill

pased test

cedure for the estimation of the human bioaccessibility/bioavailability of metals from contaminated soil in
colnection with the evaluation of the exposure related to humahn, oral uptake. Suggestions are m

hde for the
be based

the needs of the specific investigation. Methods that are‘validated for specific metals and/or contexts are

For dated
referenced

pply.

3

bioaccessible fraction
fraction of a substance in soil or soil material that is liberated in (human) gastrointestinal juices and is thus
available for absorption

3.3

bioavailable fraction
fraction of a substance present in ingested soil or soil material that reaches the systemic circulation
(bloodstream)
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3.4
contaminant
substance or agent present in the soil as a result of human activity

NOTE 1 There is no assumption in this definition that harm results from the presence of the contaminant.
NOTE 2  Adapted from ISO 11074:2005.
3.5

dermal contact
contact with (fouching) the skin

3.6
exposure
dose of a ghemical that reaches the human body

3.7
exposure pathway
route a sulpstance takes from its source to a receptor

3.8
ingestion
act of taking substances (e.g. soil and soil material) into the body by mouth

3.9
in vitro bipaccessibility test
designation for bioaccessibility test carried out outside a living organism

3.10
no observied adverse-effect level
NOAEL
dose at which no adverse effect on a receptor can be(abserved

3.1
pica
eating habjt where usually strange and unpalatable materials are consumed, e.g. soil material, stones

NOTE The term “pica” stems fromthe-Latin name Pica pica for the raven bird magpie which randomly picks up gany
kind of matgrial for nest construction,

3.12
provisionally tolerable weekly intake
PTWI
designation of the previsional weekly tolerable amount of a substance which can be taken in by a human body
in its lifetinpe through-the food chain without affecting human health

3.13
receptor
potentially exposed person or part of ecosystem

[ISO 11074:2005]

3.14

relative absorption fraction

RAF

ratio between the amount of a contaminant reaching systemic circulation when ingested with, for example, soil
and the same amount obtained when ingested in the toxicity experiment underlying the criteria

2 © 1SO 2007 — All rights reserved
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3.15
species
different forms of a substance always arising with each other in a reaction equilibrium

3.16

tolerable daily intake value

TDI

designation of the tolerable daily amount of a substance which can be taken in by a human body in its lifetime
through the food chain without affecting human health

4 | Bioaccessibility/bioavailability as a concept in assessment of soils and sites with
regpect to human exposure

The characterisation of bioaccessibility/bioavailability is usually performed as a part of-alrisk and/of exposure
asgessment.

A rjsk assessment comprises the following elements:
—| a hazard identification;

—| a dose-response assessment;

—| an exposure assessment;

—| and, based on the above, a risk characterisation.

An|exposure assessment is the process wherein the intensity, frequency, and duration of human gxposure of
a dontaminant are estimated, and it comprises the following:

>

—| source identification and characterisation;

—| identification of exposure routes;

—| identification of relevant receptors/target groups;

—| and, based on this, the actual exposure assessment.
For the assessment of possible effects on human health, an analysis of the exposure routes is a pferequisite.
Where receptors are not directly exposed to a contaminant, exposure assessment needs to cgnsider the
vallious ways by which'indirect exposure might occur and the significance of them.
Human exposure from soil contamination may occur through different media.

Directly frem the soil, the following exposure routes exist.

— L Sail ingestion _bath dietary and through adherence to hands and unwashed vegetables etc
— Dermal contact.

— Ingestion of house dust that predominantly consists of soil material.

Airborne exposure comprises the following:

— inhalation and ingestion of fugitive dust;

— inhalation of elevated outdoor concentrations;

— inhalation of vapours that have intruded into buildings.

© 1SO 2007 — All rights reserved 3
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Exposure t

hrough the food chain comprises the following:

— consumption of plants including crops, plants, wild plants and fungi;

— consumption of animals and animal products, including wild animals;

— consumption of contaminated water.

Within this Technical Specification, direct uptake of soil via ingestion and/or ingestion of fugitive dust is
considered. Oral ingestion is one of the most important exposure routes for humans to soil contaminants.

Quality criteria for soil (the maximum concentration limits for soil) are usually calculated on the basis\df a

tolerable

ily intake value (TDI) or a provisionally tolerable weekly intake (PTWI), that can be derived from

the no observed adverse-effect level (NOAEL) found in human data or experimental animal data. fFor

genotoxic
value is s

For deter
experimen
vehicle or
effects in
health effg
amount an

When ext
contamina
absolute b
fraction of
absolute o

arcinogens for which no lower threshold for increased risk for cancer risk is assumed, the TDI
at a level that corresponds to a tolerable low (negligible) cancer risk level.

ining the TDI, data on oral toxicity are primarily considered. Often these_ data pertain to animal
ks where the substance is administrated to the animals mixed in the feed ‘orin drinking water (the
transporter of the contaminant). The amount of contaminant needed-to_produce adverse health
he animal is then recorded. As an alternative, epidemiological studies’ relating observed human
cts to recorded exposures have been used. Most toxicological studies report the total ingested
d only seldom indicate exact values for the bioavailability of the substances administered.

apolating from such experimental conditions to other_.conditions, for example, the intake| of
ed soil, this approach assumes that the uptake efficiency is equal for all scenarios, i. e. that the
oavailability of the contaminant is constant. The absolute, oral bioavailability can be defined as the
an orally ingested contaminant that reaches systemic circulation, i. e. enters the bloodstream. The
ral bioavailability of a contaminant may range from close to 0 to almost 1 (i. e. 100 %) dependjng

upon the physiochemical form of the contaminant. In this, context, the use of the concept of absolute, gral

bioavailabi
contamina
measured
the mediur

ity rests upon the assumption that adverse-health effects are systemic and thus triggered by the
hts reaching the bloodstream, i. e. the internal exposure, as opposed to the external exposlre
directly as the intake of contaminated medium multiplied by the concentration of the contaminant in
h, see Figure 1.

The absollite bioavailability can be measured as the ratio between amounts in the blood of animals or man

after intrav

A more fed
is the rati
example, S

It should b
acceptablg
acceptablg

enous injection (100 % bioavailability) and after oral ingestion (uptake of bioavailable fraction).

sible approach is to measure the relative bioavailability or relative absorption fraction (RAF), which
b between the amount of a contaminant reaching systemic circulation when ingested with, |for
oil and the same ‘@mount obtained when ingested in the toxicity experiment underlying the criteria.

e noted that,.although most relative bioavailabilities are less than 1 and would result in increaged
levels, RAF values above 1 could be found that would result in a demand for a decreased
level.
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Figure 1 — Schematic presentation ofigral uptake processes

Description of the mechanisms of human‘contaminant uptake

eries of compartments are involved in human bioavailability of ingested soil contaminants, as d
use 4.

e overall pathway leads the food andseil with contaminants from the mechanical grinding in
bugh a series of chemical and_-microbiological processes, to partial dissolution through

mbranes of the gastrointestinal.epithelium (absorption) and into the bloodstream. During transp
membranes, degradation gan-occur (metabolism). The blood passes through the liver before e
temic circulation, allowing for degradation or removal of unwanted compounds in the liver (n
t-pass effect). Most of\the dissolution processes are completed before the material leaves

ex
di

Th
Re
for
rel

inEtine, and it is generally accepted that most of the uptake takes place in the small intestine

rs and accordingly impacts the bioaccessibility process differently, see Table 1.

e pH in the‘stomach may vary from close to 1 under fasted conditions to as high as 5 aft
sidence-time (1/2 time for emptying) in the stomach varies similarly from 8 min to 15 min to 30
fasted~and average fed conditions, respectively. Furthermore, bile release varies as well,
bases under fed conditions. Finally, the pH in the stomach can be lower for small children than fo

escribed in

he mouth,
the entire

strointestinal tract (bioaccessibility—processes). The dissolved components are transported through the

prt through
ntering the
etabolism,
the small
To which

nt uptake takes(lace in the stomach depends on the compound. The environment in the conppartments

pr feeding.
min to 3 h
with high
- adults.
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Table 1 — Functions and conditions in the compartments involved in bioaccessibility processes

Compartment

Primary digestion
functions

Main added
“reagents”

pH

Residence
time

Contaminant dissolution
function

Mouth

Grinding

Cleavage of starch

Moisture

Amylase

6,5

Seconds to
minutes

Grinding enhances subsequent
dissolution.

Gullet

Transport

None

6,5

Seconds

None

Stomach

Cleavage of
proteins and fats

Hydrochloric acid

(]

1
TotCasSts

8minto3h

Acid dissolves labile mineral
oxides, sulfides and carbonates

to release metals.
Lipases

Small intes

Bicarbonate 4-7512hto10h

Bile

fine Organic matter is dissolved and

bound contaminants released.

Cleavage of
oligosaccharides,
proteins, fats and

other constituents Cationic metalsiare solubilised

Proteases complexation‘with bile acids.
Solubilisation of

fats

Lipases Some métals are precipitated b

Oligosaccharases the high\pH or by phosphate.

Phosphatases

Py

The gastrg
density of
increases
aerobic ba
detected i
detected t
organisms
intestine td

Absorption

transportedl to the gastrointestinal wall and, ifbound to a carrier, released at the surface of the gastrointesti

membrang
acids, prot
soluble org

The simple
the seque
contamina
dissolve in
Figure 2. E
dissolved

hydroxyap

intestinal tract constitutes a complex ecosystem with aerobic)and anaerobic micro-organisms. 1
micro-organisms is less in the human stomach and in the“upper part of the small intestine

cteria are found in high densities higher in the large intestine. Sulfate-reducing bacteria have bg
n the human large intestine, but, on the other hand, high concentrations of oxygen have bg
hroughout the gastrointestinal tract of pigs. Quwerall, dominating aerobic conditions and mig
would be expected in the stomach, but with”increasingly anaerobic conditions from the sn
the large intestine.

requires that the contaminants are. dissolved (free or bound to a dissolved carrier such as bi

for absorption. The carrier mechanisms can be complexation of cationic metals by bile acids. H
bins and other complexing agents can enhance exposure for cationic metals. Also, lipids and ot
anic matter in the diet can add to the carrier effect of the bile.

dissolution/transport/absorption processes can be complicated by chemical kinetics resulting fr
htial change in the“chemical environment of the gastrointestinal tract, as well as by soil @
nt chemistry. As-an/example, lead found in soil in the common contaminant anglesite (PbSO,)
the stomachnand will stay in solution here at the low pH and high chloride concentration, 5
ntering thethigher pH conditions in the presence of dissolved phosphate in the small intestine,
lead ioris )(Pb™) will precipitate very quickly as lead chlorophosphate [chloropyromorph
Cl]. The.phosphate can originate from digested food or from the soil. Phosphate minerals, such
tite;, Cag(PO,4)30H, will dissolve in the low pH of the stomach, but dissolution will be slower 3

he
but

owards and in the large intestine. In human faeces, anagrobic micro-organisms dominate, wherg¢as

en
ben
ro-
hall

e),
nal
Bile
her

om
nd
will
bee
the
ite,
as
nd
as

less comp

ete)at a higher pH in the stomach (as occurring after food ingestion). If stomach transit is fast

occurring under fasting conditions), the hydroxyapatite may not dissolve in the stomach and reach the small
intestine where the neutral to slightly alkaline pH will prevent further dissolution, and thus also precipitation of
released lead as lead chlorophosphate. Conversely, just after transit from the stomach to the small intestine,
the pH is still low and absorption of lead can take place as a result of the high dissolved lead concentration
possible in acidic pH. Overall, the de facto dissolution of lead from soil will depend upon interacting conditions,
such as soil composition, simultaneously ingested food and the feeding conditions of the human. This also
means that cultural factors that affect the type of food typically consumed can have an influence on the actual

uptake.
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| | Cl
Cas(PO,);OH | | PO,
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Stomach | | Intestine with
with low pH | | neutral pH

Figure 2 — Example of dissolution of a lead mineral (lead sulfaté)in the stomach
and subsequent precipitation in the small intestine

Th
the
cel
(e.

b absorption of dissolved contaminants predominantly occurs through*the epithelium of the stq
small intestine (the intestinal epithelium), either through the cells\(transcellular transport) or b¢
s (paracellular transport). The pathway between the cells is primarily taken by polar or ionic co
j. some metals).

Me
tra
ab
is

tra

tals are absorbed by passive paracellular transporti by passive transcellular diffusion or
nscellular transport, fitting into a transport system already present. One example is that cadmi
sorbed by both the passive paracellular route and, the passive diffusive route. Another example

probably absorbed via the calcium uptake system(s), including both active and passive tn
nsport, as well as by paracellular transport.

mach and
btween the
htaminants

by active
Lm can be
s lead that
anscellular

Mgtabolism of the absorbed contaminant concentrations takes place in the epithelium membran
angl exclusion), as well as in the livép(transformation of metals, and secretion of metals
Cophtaminants entering systemic cirCulation via the lymph will be less efficiently reduced, as
bypassed for this route. Finally, the contaminants are diluted when entering systemic circula
blopdstream.

If the sensitivity to changes-in the processes of dissolution, absorption and reduction is consid
calised by varying “vehicles” (i.e. ingestion with soil, food or in solution) and chemical forms (i.
mdtal salts ingested); itis expected that dissolution will be highly sensitive, absorption will be se
reduction will be slightly sensitive (chemical form) or insensitive (vehicle). In applying the concept
bioavailability (see-Clause 4), the most important factor to assess would thus be the bioaccessibil
(s¢e Figure 1) followed by the absorbability factor f;.

Estimation-of the relative bioavailability factor is thus reduced to an estimation of how the two pote
limjting ‘processes of dissolution and absorption respond to variations in the vehicle and chemical

s (binding
ith bile).

]“W
he liver is

ion in the

bred to be
p. different
hsitive and
of relative
ty factor f,

htially rate-
orm of the

contaminants

If the dissolution process is rate limiting (i.e. if dissolution is slower than absorption), changes in f, will
determine the relative bioavailability. If the absorption process is rate limiting (i.e. absorption of dissolved
contaminants is too slow to be completed before transit), f; will be “in charge” of relative bioavailability. /n vitro
tests are generally based on the measurement of bioaccessibility, and are thus based on the assumption that
absorption is not rate limiting, or at least that the absorption of a compound dissolved from soil is no different

from the absorption of the compound when administered in a fairly soluble form.
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6 Description of metal-binding mechanisms (speciation of metals) in soil

In assessing the bioaccessibility of metals in soil, three major obstacles are encountered:

— most metals occur naturally at varying concentrations and in varying physical and chemical forms;

— chemical forms (species) of the original metal (source) may vary from the solid metal to the aqueous
solution of a salt;

— chemical forms are interchangeable, depending upon the soil conditions and history.

Assessme
conditions
differ amo
shown for
sulfide (CU

the three dissolved species of copper, free copper ions, copper ions in inorganic complexes and coppe

organic cg
stability of

An ageing
time. On
geological
will cause

nt of bioaccessibility data for metals in soil therefore needs to reflect the varying geochem
Due to their different physical-chemical properties, the mechanisms for reduced bioaeccessib
ng the metals. An example of distribution between phases and chemical forms (species).in soil
copper in Figure 3. The bioaccessibility of the three solid species of copper, free metal (Cu), cop
S) and copper cations bound by ion-exchange mechanisms, will differ. Similarly,/the absorptior]

mplexes with, for example, humic substances or organic acids, may differ;“depending upon
the complexes in the gastrointestinal lumen, see Clause 4.

*Cu-0 @

Cu

Cu Eree metal

Dissolved

organic

complex cu™ CuS

Dissolved Mineral
free ion metal salt
CuCO;, .
Cu-O

Dissolved " .
inorganic Cu™" bound to particle surface
complex ion exchange complex

Figure. 3= Example of distribution of metals (copper) in soil

effect in soils/has been observed for As(V) and Cr, which may lead to different accessibility o
ne other hand, some heavy-metal-bearing minerals have resisted weathering and dissolution o
time scales. Whether the aggressive chemical conditions in the human digestive tract neverthels
Hissolution depends upon the mineral.

cal
lity
5 iS
ber
of
in
the

ver
ver
PSS

7 Concept for a method to test the bioavailability through human exposure

7.1 General

If an in vitro test is to be used for the evaluation of the relative bioavailability, a number of conditions have to

be met.

— The relative bioavailability of the metal in question can be reasonably estimated through the estimation of
the relative bioaccessibility.

— The test is based on simulation of physiological conditions that influence bioaccessibility.
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A reasonable correlation can be proven between the test results and a relevant in vivo animal
is relevant and validated and has a sufficient dataset.

model that

It should be noted that in vivo models do not necessarily give a correct estimate of the bioavailability in
humans, depending on the difference in uptake and metabolism between the animal in question and humans,
and on the matrix in which the compounds are measured (e.g. faeces, blood, organs). It should also be noted
that sufficient in vivo data do not exist for all relevant metals.

7.2 Choosing an appropriate test

WH
an
me
wh

€n choosINg an appropriate test, It Is Important 1o be aware of the questions the test resuls,a
bwering, and to take the cultural setting into account and its possible influence on the actual
tabolism of the compound investigated. The following set of experimental details should be
en choosing a suitable bioaccessibility test method.

Mixing or stirring rate

It should be taken into account that the particle size of a soil may changelin the gastrointe
rate used in a test will also depend on the test volume used.

Digestion time

The digestion time should be chosen depending on the &jtuation mimicked, for example, fe
state. A study of lead dissolution kinetics under simulated stomach conditions has suggested
time of 1 h is adequate for this compartment. The study also demonstrated higher bioacces

lower pH and faster release with higher temperatures. Other studies have suggested a test tin
to 2 h as most appropriate for the stomach simulation.

Temperature

The temperature chosen should be similar to that of the human gut.

Presence of food

It is generally agreed that 2 different tests should be used for the fed and unfed state, respecti
for the fed state will be very dependent on the actual situation evaluated and must take into g
actual sociological and ‘cultural conditions. It has been suggested to use food consisting of

and starch in a ratio representative of the average human diet under the relevant conditions.

Digestive pH,frequirement for buffering

The development of pH during the transit of soil through the system will depend both on the {
investigated and on the degree and type of contamination. Carbonaceous soils may raise the

aimed at
ptake and
considered

stinal tract,

partly due to chewing, and partly due to the mixing that will occur primarily'in the stomach. The relevant

d or unfed
that a test
sibility with
ne of 1,5h

ely. A test
ccount the
brotein, fat

ype of soil
OH rapidly.

In_general, the pH development should be assessed beforehand, based on the actual situatig

n, and the

stomach depends on the acid concentration present in the test during dissolution, with low acid
concentrations leading to both slower dissolution and lower final dissolved concentration. The effect of
acid concentration is caused by both pH (formation of HSO,~) and chloride concentration (formation of
soluble PbCI*).
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Soil particle size

Here a differentiation should be made depending on whether it is soil ingestion or fugitive dust that is the
focus of the testing, and if the aim is to estimate accidental soil ingestion or pica behaviour. Normally, soil
samples are sieved so that the tested or analysed sample has a particle size of less than 2 mm. If
accidental soil intake is the issue, a particle size of less than 250 um may be more appropriate, since this
is considered to be the optimum size to adhere to children’s hands. The choice of relevant particle size
should also depend on the soils in question, since local or regional specific conditions may exist. National
methods for pretreatment of soils traditionally used may vary and may not necessarily be appropriate for
the pretreatment of soils for this type of testing.

Liquid|to solid ratio (L/S-ratio)

It could be relevant to differentiate between pica behaviour and general soil ingestion. If the.'aim of the
test is|to simulate pica behaviour, an L/S-ratio of 10 could be appropriate. One should be aware that low
ratios [in some cases might lead to saturation of the liquid phase. Some comparisons’seem to sHow
insign|ficant variation in test results if the L/S-ratio is between 100 and 5 000. In nontpica situations,|an
L/S-ratio of 100:1 seems to be a good estimate of the conditions in a small child’s gastrointestinal syst¢m.
The choice of ratio is also based on practical considerations, e.g. test vessel volufne.

Additipn of digestive liquids

It is recommended that the test mimic the relevant physiological econditions as much as possiblel If
intestipal digestion is assumed to be important, mucin should be added. Bile should be added to digesfive
juice for both fasting and fed conditions. Data suggest that both synthetic stomach fluid and human
stomach fluid can significantly reduce toxic and soluble Cr(VI)to less toxic and more insoluble Cr(]ll),
within[the time range relevant for stomach transit. An increase in metal bioaccessibility has been reported
because of added mucin, bile and pancreatin, but the effect-was not seen consistently for all metals gnd
soils tested.

Gastric and intestinal digestion required

All stydies show that it is important that the test incorporates both the gastric and the intestinal phasg of
the digestion

RedoX conditions
For rgdox-sensitive metals, this_may be relevant if the test is carried out aerobically or anaerobicdlly.
Normally, the tests will be carried out under aerobic conditions, but for the redox-sensitive metals or other
cases|where intestinal uptake is assumed to be substantial, anaerobic conditions may be more suitable.

Presepce of solubility impacting ions such as phosphate (As, Cr and Pb)

It hag been demonstrated with sequential extraction that the presence of phosphate changes the
specigtion of lead towards less extractable species.

Pretreatment of sample

As stated earlier, the particle size of the soil can influence the availability of the metal and thus the result,
see also under “Soil particle size” above

Post-treatment of test solution

The treatment of the solution derived from the test prior to the final chemical analysis is very important.
Filtering or centrifugation of the leachate and the conditions under which this is done is extremely
important for the result, since this will decide the degree of particle-bound contamination that is
subsequently included in the chemical analysis. At the moment, no definite conclusions as to the correct
post-treatment can be given.
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It should be noted that in vitro bioaccessibility tests typically do not include the effects of the microbial
communities present in the in vivo gastrointestinal system, and do not include the influence of the active
transport of contaminants out of the digestion solution.

The test, furthermore, needs to fulfil the common, basic requirements for a regulatory method. The method
shall be as follows:

simple (i.e. the number of steps and operations maintained at a minimum considering the requirements

below);

comprehensive (i.e. allow for testing of the broadest passible selection of contaminants, sy

ecies and

Th
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soils);

precise (i.e. the same result is obtained when one soil is tested twice in one laboratory);

reproducible (i.e. the same result is obtained when the same soil is tested in two different laboratories);

interpretable (i.e. the test results can be correlated to in vivo bioavailability data);

consistent (i.e. the test results should be in accordance with processes predicted from knowledge of

contaminant speciation and soil chemistry).

b test should include testing of relevant, well-described reference-material.

Description of applicable test methods

itro bioaccessibility tests range from very simple chemical extraction or leaching tests to adva
p tests simulating in detail the human digestion processes. In the following, an overview is g
ts based on physiological conditions.

accessibility tests that simulate the processés in the human gastrointestinal system, the dige
bn developed for use in studies of drug,Uptake in pharmaceutical studies, of metal uptake in
dies and of contaminant release from toys. In risk assessment of contaminated soils, digestion
bn developed since the early 1990s.

vide range of methods has dbeen suggested for determining the availability of contaminar]
danisms (mainly bacteria, plants and collembola) and similarly for aquatic ecosystems, includin

er and sediment phases:-the ecotoxicological bioavailability. The rationale behind these meth
y the fraction of a contamijnant that is present as a free compound dissolved in the soil water is §

nced multi-
ven of the

stion, have
nutritional
tests have

ts for soil
g both the
pds is that
vailable to
hggressive

nerally not

age of the

ction limits

have been determined at reasonable levels) and correlated with in vivo data for a few metals in a few soils. An
overview is given in Table 2. Apart from the methods shown in Table 2, further tests have been developed and
compared to in vivo data for one or two soils.

A further description of the methods is given in Annex A. Four of the methods are currently used for routine
testing:

PBET (Physiologically Based Extraction Test method), with slight modifications;

SBET (Solubility Based Extraction Test, developed by the Solubility/Bioavailability Research Consortium);

OSU-IVG (Ohio State University — In Vitro Gastrointestinal method);
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DIN 19738 (Deutsches Institut fir Normung);

RIVM (National Institute for Public Health and the Environment, The Netherlands).

Table 2 — Bioaccessibility test methods correlated to in vivo bioavailability data
for contaminated soils

Method Segments included Addition of food Principle Contaminants tested
PBET Stomach, intestine None Simplified, based on Lead, arsenic
npfinnnl human Inhyeinlngy
SBET Stomach, intestine None Simple buffered acid, Lead, arsenic
optional aiming at robust worst
case
OSU-IVG Stomach or intestine Optional Simplified, based on Leadarsenic and
after stomach human physiology cadmium
RIVM Saliva, stomach and Optional, part of Corresponding to lread, cadmium
intestine fed-state version of human physiology
the test for organic
contaminants
DIN Stomach and intestine, | Optional Corresponding‘to Lead, cadmium, nickel
saliva optional human physiology and arsenic

7.4 Recommendations
Any test method used for measuring the bioaccessibility:\>of soil contaminants in soil should enaple
quantification of the dissolution under “realistic worst case-conditions”, meaning that the test should simulate
the highesgt bioaccessibility that can be expected, without including unrealistic conditions or excessive
precautiong. To fulfil this, the test should be based upen the properties of the human digestion process, of the
contaminapts in question, and on the geochemistry and mineralogy of soils. Consequently, test specificatiopns
should include the following information.

— Both g gastric and an intestinal step.

— Sequagntial testing (acidic followed_ by alkaline) with separate release measurements in each sequence to
avoid prrors from dissolution follewed by precipitation (all cationic metals).

— Low pgH for dissolution .of.soil constituents, i.e. in average lower than pH 2. The pH should always|be
lower fthan 2,5 and higher than 1,0. A pH of 1,2 is recommended. Adjustment of the pH should be made
using NaOH or HCI as“appropriate.

— Acidicldigestiontime should be at least 1 h for an estimation of the unfed state and at least 2 h for the fed
state.

— Subsdquent high pH for dissolution of soil constituents in the intestine. The pH in the intestinal

compartment depends on the site of the intestine that is simulated. This site that should be simulated
depends on the site of absorption of the compound of interest. For example, the pH in the duodenum
is 5,5 to 6, in the jejunum 6 to 7. The pH should thus always be greater than 5,5 for this simulation. A pH
of 6,3 is recommended for most metals. Adjustment of the pH should be done using NaOH or HCI, as
appropriate.

Alkaline digestion time should be at least 2 h.

Additions of enzyme types found in the human gastrointestinal tract.

(concentration depending on the state simulated).

12

Additions of bile and other chyme constituents capable of dissolving apolar contaminants and metals
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— Digestion at 37 °C.

— Optional representation of both aerobic (oxidising) and anaerobic (reducing) conditions for redox-sensitive
contaminants (e.g. As and Cr).

— Mixing of the constituents should be carried out; end-over-end mixing is recommended.

— For the estimation of normal hand-to-mouth behaviour, an L/S-ratio of 1:100 is recommended, while 1:10
is suggested for the estimation of pica behaviour.

— Pretreatment—andposttreatmentproceduresshoutd—be Tetatedtothesituatiom—studied—Baged on the

available experience, sieving or crushing to obtain a particle size of < 250 ym is recommended| after oven
or air drying at < 40 °C. Separation by centrifugation is recommended at 3 000 min~" for.5 min.

It §hould be noted that test solutions can be sensitive to conservation and storage, éven when|employing
traglitionally accepted methods. Therefore, the preservation and storage method used for test solutipns should
be|validated with, at the least, recovery documentation after spiking of test solutions from the| testing of
regresentative soil samples and including all metals, where bioaccessibility is reperted.

NOTE As an example, preservation of test solutions obtained with a bioaccessibility test method, employipg a slightly
alkaline intestinal step with concentrated nitric acid, resulted in low recoveries of.lead from some soil sampleg due to co-
pregipitation with humic substances at the resulting very low pH.

7.8 Use and interpretation of in vitro tests for risk assessment

When deciding whether or not to make use of physiologically based extraction methods for the egtimation of
actual bioavailability, the following considerations should be made:

—| Is the site considered to be at risk using conventional methods (comparison of total concentrafions to the
appropriate quality criteria)? If not, it can’ reasonably be expected that including bigavailability
considerations will not alter this conclusion.

—| If the aswer is yes, does the available data imply that the metals in question are likely fo be less
bioavailable in soil? This could bé information on type of contamination source, type of soil/ soilfmaterial.

—| Is soil ingestion consideredte\be a major pathway of exposure? If not, studies on oral bioavailapility of the
contaminants from soil would not be meaningful.

— | Would the result of-the’ site-specific risk assessment be sufficiently sensitive to the suspected Variation in
bioavailability?

—| Would the decisions regarding remediation at the site be impacted, or would the collection of the sufficient
new data.be over costly, in relation to the expected change in remedial costs?

—| Isaysufficiently validated method available for the contaminants and context in question, faking into
account the relevant cultural setting?

If all the above questions can be answered with a yes, the use of in vitro tests is justifiable. In choosing the
appropriate tests the information given previously in Clause 7 should be taken into account. Furthermore, it
should be evaluated how and where samples should be taken, and also how large an area or volume a
sample can represent, based on the knowledge of the uniformity of the contamination.

Using the chosen test, the relative bioaccessibility is determined as the ratio between the results obtained for
the soil in question to the results obtained in the test applying the contaminant in a way consistent with the
toxicity evaluation that is the basis for the soil quality criteria used in the risk assessment. This relative
bioaccessibility or relative absorption fraction (RAF) can then be multiplied with the total contaminant
concentration in the soil to obtain the bioaccessible soil concentration. This concentration can then be used in
the risk assessment, instead of the total concentration, when evaluating the soil ingestion pathway.
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