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Abstract

The civil engineering structures and elements, wherein concrete makes the principal component, have been in common use
and can be found all around us. Since numerous waste materials and industrial by-products have been used in the produc-
tion of cement and concrete, attention should be paid to the environmental impacts of contemporary construction materi-
als. Within that area, it is especially important to evaluate the release of heavy metals to the aquatic environment and/or to
the soil. The paper presents the test methods which are applicable in the assessment of the leaching level of heavy metals
from the construction materials.

Streszczenie

Konstrukcje i elementy budowlane, ktérych podstawowym skladnikiem jest beton, sa powszechnie stosowane i wszechobec-
ne w Srodowisku. W zwiazku ze stosowaniem w produkcji cementu i betonu odpadowych oraz ubocznych produktow prze-
mystowych nalezy zwrdci¢ uwage na ocene wplywu wspolczesnych materialow budowlanych na Srodowisko. Szczegdlnie
wazna w tym kontekscie jest ocena uwalniania metali ci¢zkich do Srodowiska wodnego badz glebowego. W artykule przed-

stawiono problematyke oceny uwalniania metali ci¢zkich z materialéw budowlanych do Srodowiska.
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1. INTRODUCTION

The scientific circles have, for many years, been
involved in the development of a system which would
be capable of evaluating the environmental impacts of
the construction materials. The work in that field has
been initiated by the public concerns within two areas.
The first of them is undoubtedly connected with the
need to satisfy “the basic requirements” as specified in
the Construction Products Directive [1]. That docu-
ment imposes the obligation to produce the construc-
tion materials, and also to use the structures which
have been made of those materials, in the way which
prevents said materials from influencing adversely
human health and the environment.

The other area of concern results from the more and
more frequent use of alternative and/or waste materi-
als as substitutes in the construction material manu-
facturing process, which is especially the case in the
production of concrete. The properties of e.g. silica-
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containing fly ash or granulated blast-furnace slag and
their effects on the quality of the cement or concrete
products leave hardly any room for doubts.
Nevertheless, the environmental impacts of the prod-
ucts in which these have been used are incomplete,
and they are still under discussion [2, 3]. The applica-
ble test procedures are needed for long-term evalua-
tion of hazardous substances, including heavy metals,
which are released to the environment from compos-
ite materials in which secondary raw materials and/or
wastes have been used.

The problems of environmental evaluation become a
burning question since cement composites have been
used more and more frequently in the disposal of haz-
ardous wastes by solidification, if those wastes contain
heavy metals [4-9]. Hence, when considering the envi-
ronmental assessment system for construction materi-
als, one may not disregard those materials/items which
have been “produced” in the solidification process.
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2. TEST METHODS FOR THE LEACH-
ING ASSESSMENT OF HAZARDOUS
SUBSTANCES (HEAVY METALS) FROM
CONSTRUCTION MATERIALS

The whole system of tests should first of all give con-
sideration to different environmental conditions to
which given construction materials and/or concrete
structures are exposed. The author is of the opinion
that the assessment methods for the environmental
release of hazardous substances should take into
account the whole product life-cycle of the construction
materials, starting from their production, going
through their useful service life, and until their end-of-
life stage, with the possibility of recycling or re-use [10].
The key question is whether there is any acceptable
level of emissions of pollutants (heavy metals) from
the construction products to the soil, surface and/or
ground waters, and whether there are versatile meth-
ods to establish those levels. The answers to those
questions should take a few viewpoints into consider-
ation [2, 3, 11]:
* The construction products are used in various con-
figurations, under various exposure conditions, i.e.
at various “application scenarios”. However, a lim-
ited set of chemical and/or physical factors only
will control the release of heavy metals from the
construction items, and only a few factors may be
dominant in practice.

e Which factor and/or scenario may be of practical
importance for every individual product or group
of products?

* Which leaching test(s) should be employed for
individual products under different “application
scenarios” to learn the potential release level of
heavy metals?

When selecting a method for evaluation of leaching,
one should consider the form of the construction
material under investigation: different heavy metal
release mechanisms may be involved. In case of
monolithic elements, for example, heavy metals will
be released as the result of surface wash off, diffusion
and/or dissolution processes [12].

Various factors need to be considered under test con-
ditions since they will affect the performance of indi-
vidual heavy metals. Structural changes due to exter-
nal impacts (changes in temperature, in pH, contact
with water) may produce escalation in the release of
heavy metals to the environment [13]. The oxidation
and carbonation processes, as well as other corrosive
impacts of aggressive media, involve the need of
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understanding the effects of individual factors on the
heavy metal release mechanisms, with consideration
given to the whole service cycle of the construction
material (civil structure). Hence, the Dutch TANK
tests, for example, make allowance for the impacts of
changing pH of the extracting liquid on the tested
material (pH from 4 to 12) [14]. The external condi-
tions also include the service conditions of the mate-
rial (structure), the liquid-to-solid ratio (L/S), time of
exposure to the extracting medium, type of exposure,
pH value, temperature, and mechanical impacts
(abrasion, erosion, frost penetration) [15-17].

The internal factors which may be specific to the test
construction material comprise: porosity, thermal
conductivity, shape, extended surface, size of element
and reactivity of its material (susceptibility to carbon-
ation, alkalinity), and the length of its service.

Hence, various possible application scenarios (and

their combinations) for the construction materials

have been reported in the professional literature

[2, 3, 10, 18]:

— granular products which are placed in soil or on its
surface,

— monolithic products which are placed in soil or on
its surface,

— monolithic products which are alternately subject-
ed to wetting and drying processes (e.g. elements of
civil structures which are exposed to weather con-
ditions — rain and sun),

—unbound granular materials e.g. construction
debris with varying particle size

— pipes (e.g. drinking water transfer pipes) which are
placed underground (leaching of heavy metals is
possible both to the transferred water and to the
surrounding soil),

— monolithic products which are placed in water (e.g.
coastal structures).

A different approach to the application scenarios
(Table 1) has been provided in the draft standard, in
the documents developed by the European Technical
Committee TC 351 [15-17]:

* scenario I — recommended for impermeable prod-
ucts which are placed underground or underwater,
and/or the surface of which is washed by moving
water, e.g. metal plates, metal strips, roofing-tiles,
glass elements, bituminous products;

* scenario II — that is specific for low permeability
products, where water is transferred inside their
matrices through capillary pores. The soluble sub-
stances are transported outside the matrix due to
advection and diffusion, e.g. bricks, concrete ele-
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Table 1.

The leaching scenarios for dangerous substances from construction materials, and suggested test methods [15-17]

Scenario Suggested test methods Examples of materials

Impermeable materials

Dynamic Surface Metal plates, glass items,
Leaching Test (DSLT) etc.

DSLT method. A method

Low permeability for broken up material Concrete items, bricks,
. o substances versus
materials should additionally be mortar, etc.
used pH value (pH - test

Method which tests
leaching of dangerous

dependence)

Permeable materials
umn test)

Percolation method (col-

Soil, broken up material
e.g. construction and
demolition debris, etc.

ments, mortar, concrete tubes;

e scenario III — permeable (porous) products,
through which water finds it easy to penetrate just
by gravity, e.g. soil, high porosity materials, con-
struction and demolition debris.

Various test methods can be used in practice to evalu-

ate how much heavy metals are released from the con-

struction materials (concrete, construction materials,
construction debris) to the environment [19]. Those
methods may be classified from the viewpoint of:

* time of leaching test: long-term methods — like the
TANK tests [12] as mentioned above, and short-
term methods — e.g. method as per EN 12457-4
[20], which can be used to characterise granular
wastes and sediments with regard to their leacha-
bility of heavy metals,

* leaching dynamics: static methods — which make it
possible to predict the performance of the hardened
concrete under static conditions, as for example
TANK tests, and which are based principally on EA
NEN 7375 [12]; and dynamic methods — these pre-
fer leaching tests under dynamic conditions, as for
example the method which is provided in EN
12457-4 [20]. The extracting liquid is contacted with
a high surface area of disintegrated waste materials,
which makes that method applicable e.g. for con-
struction and demolition debris samples,

* sample pre-treatment — the samples may have the
following forms: intact test piece, broken up sam-
ple, sample which was cut out from a monolithic
block and then broken up. The TANK tests investi-
gate monolithic test pieces which are placed in con-
tainers filled up with a leaching liquid (deminer-
alised water) and kept there for a specified period
of time. Figure 1 presents a sample in the test con-

tainer. According to EN 12457-4 [20], on the other
hand, a sample of 100 g is broken up to obtain the
grain size below 10 mm, it is covered with a suitable
volume of water (liquid-to-solid ratio L/S = 10),
and it is shaken over 24 h. That standard may be
employed to evaluate leaching of heavy metals from
construction and demolition debris.

The column tests in which the test material is sub-
jected to comminution (grain size < 2 mm) and
packed into a column make us of the percolation
process to leach out heavy metals from the construc-
tion material samples [21]. The diagram of an exem-
plary stand for column tests is presented in Figure 2.

reaction of the leaching medium - neutral or
acidic. According to EA NEN 7375 [12], a liquid
(distilled water) is employed with neutral pH
which contacts a monolithic test piece, while
according to the documents of the Technical
Committee CEN PrCEN/TS 14429 [14] the test
piece is subjected to the impact of a liquid at dif-
ferent pH levels (from 4 to 12).

1| 4

Figure 1.
Principle of placing concrete test pieces in a test container,
in accordance with EA NEN 7375 [12]
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Figure 2.
Experimental stand for up-flow percolation tests

It is also an important issue to establish priorities for
the use of leaching tests. Three basic levels are dis-
tinguished in the testing hierarchy [22]:

1. Characterisation tests — used for basic characteri-
sation of the release from the product. The col-
lected data allows classification of the materials by
categories. One category may cover those materi-
als for which the heavy metals leaching mechanism
is similar.

2. Compliance tests — whose purpose is to verify, with
the use of other examination methods, whether a
material complies with the previous characterisa-
tion, and then with the assumed criteria. Once the
leaching behaviour has been investigated and
characterisation has been established, a simple test
which measures the same property (e.g. leaching at
a certain pH level) suffices. A close relationship
between characterisation and compliance should
be ensured.

3. On-site verification/quality control tests — they are
quick tests to see whether a material complies with
the behaviour as determined earlier or as expect-
ed, in its practical application. In general, a simple
chemical measurement (e.g. pH, conductivity) or a
visual check may be done in this case. In order to
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be sure, however, at least a compliance test is
required.

The main advantage that such a testing hierarchy has,
is that once a characterisation step has been done,
much more simplified testing on compliance level can
be chosen to verify the consistency of subsequent
data with the characterisation test results. Examples
and detailed descriptions of test methods and how
they can be used for various purposes were presented
by van der Sloot et al. [22]. The exemplary applica-
tions of individual tests at adequate characterisation
levels were summarized in Table 2.

3. SUMMARY

The purposefulness and importance of the research
programmes to be taken up are confirmed by the fact
that the Technical Committee TC 351 has been estab-
lished within the European Committee for
Standardization (CEN), and its aim is to develop
applicable regulations in this area which will be
adhered to by all EU member states. At the same
time, more and more reports are published not only
on the need to evaluate the leaching process of dan-
gerous substances from the construction materials
and solidification matrices but also on prediction of
that process over a longer time horizon. In order to
provide that capacity, it is necessary to develop a
model for the leaching process versus time, and also
versus other parameters (e.g. pH of extracting liquid)
which affect the release of heavy metals [3, 24-27].
One of the conditions was, moreover, announced for
the complex and correct evaluation of the emission of
heavy metals from matrices in which the mineral
binder makes the basic component: the tests must
give due consideration to the atmospheric impacts
[25, 28].

As can also be seen from the documents which were
prepared during the work of the Technical
Committee TC 351, the efforts made to develop the
environmental assessment system for the construc-

Table 2.
Examples of tests at adequate characterisation levels [14, 20-23]
Test Brief description Level
prEN14429 P H-depf':ndence test, on granular characterisation
or size-reduced products
prEN14405 column test, on granular products characterisation
EN12457 batch test (natural pH of extracting compliance
medium), granular products
W1292010 “TANK test”, monoliths compliance
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tion materials (inclusive in particular of the aspect of
leaching of hazardous substances) tend to classify
those materials into two groups: those which must be
subjected to further testing (FT- Further Testing) and
those for which preliminary tests will not be followed
by any further testing (WT — Without Testing) [29].
That arrangement would be applicable to:

— construction elements which were produced with
the use of one or more materials, e.g. binders,
pipes, windows;

— materials from which a product was moulded, and
which control the release from that product, e.g.
bricks, ceramic roofing-tiles, walls which were
made of preserved timber; or materials which were
directly used in the construction work, e.g. con-
crete, timber, unbound/bulk aggregates for
embankments and road foundations;

— components which are used for the production of
material(s), e.g. cement, lime, concrete aggre-
gates;

— elements of a construction product, e.g. plaster-
cardboard panels and complete windows which
were installed within prefabricated wall units, win-
dow frames and window units with double glazing.

The construction materials and their components
contain hazardous substances. However, how those
materials are used in a construction product and the
intended service conditions for that product will
determine how those hazardous substances are
released from the product, if any. The information of
hazardous substances which can potentially be
released from a construction product should be based
on standard tests as referred to adequate application
scenarios, and it should be provided in the label,
together with the CE mark.

If the materials were grouped as those for which fur-
ther tests are required for the release of hazardous
substances, and those for which no tests are needed
since the mechanism and level of emission is already
known, it would make the control procedures easier
for the producers; it would also enable implementa-
tion of the all-European classification of materials.
The document of the Technical Committee contains
a provision, however, that the member states will
have the right to specify their domestic limit values
within the release of hazardous substances to the soil,
ground water and surface water, or even within
atmospheric indoor emissions [29].
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