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Abstract 

Construction products are in contact with water (e.g., rain, seepage water) during their service lifetime and may 
release potentially harmful compounds by leaching processes. Monitoring studies showed that compounds attrib-
uted to construction products are found in storm water and the receiving bodies of water and that the release of bio-
cides in urban areas can be comparable to the input of pesticides from agricultural uses. Therefore, a prospective risk 
assessment of such products is necessary. Laboratory leaching tests have been developed by the Technical Commit-
tee CEN/TC 351 and are ready to use. One major task in the future will be the evaluation of the leaching test results, 
as concentrations found in laboratory experiments are not directly comparable to the field situations. Another task 
will be the selection of compounds to be considered for construction products, which are often a complex mixture 
and contain additives, pigments, stabilization agents, etc. The formulations of the products may serve as a starting 
point, but total content is a poor predictor for leachability, and analysis of the eluates is necessary. In some cases, non-
targeted approaches might be required to identify compounds in the eluates. In the identification process, plausibility 
checks referring to available information should be included. Ecotoxicological tests are a complementary method to 
test eluates, and the combined effects of all compounds—including degradation products—are included. A bio test 
battery has been applied in a round robin test and was published in a guidance document. Published studies on the 
ecotoxicity of construction products show the tests’ suitability to distinguish between products with small and larger 
effects on the environment.

Keywords:  Prospective risk assessment, Groundwater, Surface water, Soil, Ecotoxicological tests, Targeted and non-
targeted analysis, Construction products

© The Author(s) 2018. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creat​iveco​mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made.

Introduction
Public awareness of the importance of the good quality 
of surface water developed in the 1970s when pollution, 
for example, of the Rhine River, was observable in foam, 
chemical smell, and major fish kills caused by an acci-
dent in the chemical industry in 1986 in Schweizerhalle 
[1]. Due to regulations on the discharge of wastewater, 
concentrations of many hazardous compounds showed a 
decreasing trend and surface water quality has improved. 
However, the monitoring performed for the European 

Water Framework Directive shows also that many bod-
ies of water still do not have a good ecological status and 
that authorities are facing problems improving water 
quality sufficiently. The decreased impact of chemical 
industry and other industrial sectors, like the pulp and 
paper industry and the textile industry, on water qual-
ity is accompanied by a general shift from a restricted 
number of point sources to a more diffuse input from 
many different smaller sources. The increasing number 
of sources leads also to an increasingly necessary effort 
to identify sources. These sources include agriculture, 
wastewater treatment plants, atmospheric deposition, 
and urban run-off. While agricultural pesticide and fer-
tilizer entry by run-off and drift has been in the focus of 
research for 40 years, e.g., [2, 3] and is already part of the 
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authorization process for products, other sources like 
wastewater treatment plants came into focus only more 
recently, leading to the upgrading of tertiary sewage 
treatments for the removal of emerging pollutants.

Buildings and the applied construction materials (e.g., 
renders, mortars, paints, roofing materials, and bricks), 
as important factors for water quality in urban areas, 
are a newer field of research. Bucheli et  al. [4] showed 
20  years ago that high mecoprop concentrations in the 
run-off from roofs originate from the hydrolysis of a bi-
ester of mecoprop used as an agent to protect bitumen 
sheets from root penetration; they estimated that the 
load in the receiving water bodies from roofs and agricul-
tural applications were in the same order of magnitude. 
Mass flow analysis revealed that up to 50–80% of the load 
of heavy metals such as Cd, Cu, Pb, and Zn in combined 
sewer systems could be attributed to the run-off from 
roofs and streets [5].

Up to now, several monitoring studies of storm water 
have been conducted: biocides such as carbendazim, ter-
butryn, and diuron, as well as mecoprop, the transforma-
tion product of roof-protecting mecoprop esters, were 
found in a study of storm water from an urban catchment 
near Zurich [6]. A study of storm water in a catchment in 
the UK with an equivalent of 50,000 inhabitants proved 
the presence of polyaromatic hydrocarbons (PAH), trif-
luralin, nonylphenols, nonylphenol ethoxylates (NPEOs), 
and diethylhexyl phthalate (DEHP) [7]. Phthalates, non-
ylphenol, and NPEOs were also detected in storm water 
in two urban residential areas in Stockholm [8]. A study 
in the region of Paris investigated compounds in sepa-
rate sewer systems and detected heavy metals (Cu, Zn), 
PAH, diuron, monobutyltin (MBT), DEHP, and nonyl-
phenols as contaminants [9]. Storm water monitoring in 
Copenhagen demonstrated the presence of heavy metals 
such as Pb, Cd, Cr, Cu, Ni, and Zn, as well as PAH, diu-
ron, isoproturon, glyphosate and its degradation product 
aminomethylphosphonic acid (AMPA), DEHP, and non-
ylphenol [10]. Xiao et al. [11] searched especially for per-
fluoroalkyl acids (PFAA) and were able to detect them in 
all storm water samples taken in the Minneapolis-St. Paul 
metropolitan area.

Contaminants in urban storm water can originate 
from various sources, such as parks/gardens, roads, and 
sealed surfaces [12], that are not exclusively linked to 
construction products. This includes diuron and glypho-
sate, which are also used in residential areas [13]. The 
situation is even more complicated if combined sewer 
systems are sampled. Elaborated strategies are necessary 
to distinguish between run-off and other sources. Gas-
peri et  al. [14] compared the concentrations in separate 
and combined sewer systems and concluded that higher 
concentrations of PAHs and alkylphenol ethoxylates in 

the combined waste water indicate other sources than 
run-off. Wittmer et  al. [15] conducted a comprehensive 
field study on the catchment scale and were able to assign 
concentration patterns to land uses. Bollmann et al. [16] 
used the different emission patterns of substances under 
dry and wet conditions to identify further sources, such 
as household chemicals. Rainwater can be collected to 
quantify the total atmospheric fallout in the catchment 
area under consideration [17]. Wicke et al. [18] were able 
to show that different types of construction areas, like 
areas of single-family homes, either old or new apart-
ment buildings, industrial parks, and traffic areas result 
in different contamination patterns of storm water, which 
could be linked to possible usage of the chemicals.

The presence in the environment of chemicals originat-
ing from construction products underlines the need for a 
prospective assessment of such products. The aim of this 
publication is to give an overview of the current meth-
odologies for assessing the release of potentially hazard-
ous substances from construction products by contact 
with water (e.g., rain or seepage water). The emission to 
air is not covered. Special focus is laid on different strate-
gies that can be applied to use leaching test data for reg-
ulation processes and on the gaps, that should be filled 
in the future to have a profound base of knowledge for 
decision-making.

Regulatory context and leaching tests
In the European Union, it is commonly accepted that 
requirements for construction works include proof that 
they will not have adverse effects on human health and 
the environment. Therefore, “hygiene, health, and the 
environment” is a category of the basic requirements for 
construction works in European construction products 
regulation [19]. Constructions impact local environ-
ments during service time mainly due to emissions of 
substances into environmental compartments, such as 
the release of dangerous substances into groundwater, 
marine waters, surface waters, or soil. Expected emis-
sions need to be estimated for construction products that 
can be in contact with water during their service life. The 
Technical Committee, CEN TC 351 “construction prod-
ucts: assessment of release of dangerous substances”, 
developed two laboratory test procedures to determine 
the amount of substances released into water. These hori-
zontal leaching tests, as they are called, are intended to 
be generally applied for construction products with only 
a few exceptions. Where no additional information on 
the eluent is given, all standardized leaching tests pre-
sented here use demineralized water.

One of the tests—CEN/TS 16637-2:2014 [20]—was 
developed to investigate area-related leaching from the 
surfaces of monolithic construction products. This test is 
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known as the dynamic surface leaching test (DSLT) and 
intends to describe diffusion-controlled leaching pro-
cesses. Test specimens are exposed to water at a defined 
ratio of water volume to exposed surface area under con-
trolled laboratory conditions. The water is exchanged 
on a defined time schedule and analyzed for the target 
substances. The contact time during the leaching inter-
vals increases from 6 h at the beginning to 28 days at the 
end of the overall 64 days of test duration. Emissions per 
surface area are calculated from the obtained substance 
concentrations in the eluates and can be related to the 
duration of exposure. Based on the resulting emission 
curves, the test results make it possible to determine 
whether leaching is controlled by diffusion or other pro-
cesses such as washout effects at the beginning. Diffu-
sion-controlled processes are proportional to the square 
root of contact time and are indicated by the pattern of 
the eluate concentrations after the defined periods of 
water contact.

The test results cannot be used directly to derive 
expected environmental concentrations. Concepts for 
transferring results obtained under laboratory expo-
sure conditions to service-life conditions still need to 
be developed or refined [21, 22]. This restriction applies 
especially to organic substances that can be transformed 
during service life or in water. However, the test indi-
cates whether target substances can be leached from 
investigated construction products. It is also possible to 
compare the leachability of the target substances from 
different construction products. Duester et al. [23] devel-
oped a framework to evaluate the results from the DSLT 
test for amour stones in hydraulic engineering by defining 
maximum release limits (MRL). They included common 
use scenarios to calculate MRLs that meet concentrations 
of environmental standards for specified times without 
water exchange.

The other test—CEN/TS 16637-3:2016 [24]—is a per-
colation test that applies to mass-related release from 
granular construction products. Columns are filled with 
granular construction materials and exposed to up-flow 
percolation. The eluted water is collected stepwise until 
certain liquid-to-solid ratios are reached and can be ana-
lyzed for the target substances. The test results are pre-
sented as a function of liquid-to-solid ratios and make 
it possible to distinguish between different leaching 
mechanisms.

It is important to notice that the release in the column 
percolation test is mass-related, while it is area-related in 
the DSLT. European test laboratories  [48] checked both 
test methods for robustness to certain test parameters in 
a comprehensive study of numerous representative con-
struction products. Until now, only a few studies using 
these two tests have been published: Nebel and Spanka 

[25] showed the robustness of the DSLT for release from 
concrete. Hartwich and Vollpracht [26] applied the DSLT 
to determine the leaching behavior of concrete, and 
Märkl et al. [27] investigated the release of super-plasti-
cizers from cement.

Another leaching test often applied especially for waste 
samples is the “one-stage batch test” in accordance with 
DIN EN 12457-1. In the technical specification CEN/
TS 16637-1 of CEN/TC 351, this test is mentioned as an 
“indirect method”. Gartiser et al. [28, 29] have used this 
procedure to prepare leachates from granular construc-
tion products. Construction products exposed to weath-
ering conditions with wet and dry phases can also be 
tested in a tank test with intermittent contact with water 
(immersion cycles) in accordance with DIN EN 16105, 
which was developed for paints and varnishes. This 
approach has been applied, e.g., to assess reactive fire-
protecting coatings [30].

Kobetičová et  al. [31] also suggest the preparation of 
water-accommodated fractions (WAFS) in accordance 
with OECD Guidance No. 23 on ecotoxicity testing of 
difficult substances and mixtures [32]. Here, defined 
amounts of the test item are directly weighted to the test-
specific dilution water, stirred for about 24–72  h, and 
eluates are obtained after the separation of solids by sedi-
mentation, filtration, or centrifugation.

It should be noted that biocidal products, such as wood 
preservatives and film preservatives in facade coatings, 
are submitted to a detailed environmental risk assess-
ment under the Biocidal Products Regulation (EU) No 
528/2012. Laboratory leaching tests for biocidal prod-
ucts that are based either on constant or intermittent 
water contact, as well as semi-field tests, are listed in a 
guidance document of the European Chemicals Agency, 
ECHA. These tests also apply to biocidal products that 
are included in construction products [33].

However, it is helpful to limit the number of tests run 
to facilitate comparability between tested products on 
the market. The horizontal leaching tests developed by 
CEN/TC 351 are intended to be generally applied for 
construction products with only a few exceptions. It 
will be the task of CEN Technical Committees that are 
responsible for the different harmonized construction 
product standards to select the applicable leaching test 
and define substances that are to be investigated. These 
results will be the basis for declaring the properties of 
construction products as part of CE marking for market-
ing within Europe.

This is a challenging task, since a reasonable selec-
tion of target substances requires detailed knowledge of 
the composition of construction products that can be 
the producers’ proprietary know-how. In addition, the 
leaching test conditions, especially water quality and the 
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duration of water contact, do not necessarily reproduce 
service-life conditions. For instance, Hartwich and Voll-
pracht [26] observed that the leaching of heavy metals 
from concrete can be considerably reduced by the pres-
ence of calcium in leaching water that originates from 
natural sources, as compared with deionized water. This 
is explained by a precipitated layer of calcium carbonate 
on concrete surfaces that was also observed under ser-
vice-life conditions. In general, the use of deionized water 
often leads to an alteration of the concentration gradi-
ent between the sample and the eluent in comparison 
with the field situation and, subsequently, with a change 
in leaching behavior. Deionized water has no buffering 
capacity and is prone to changes in pH value if products 
with high alkaline or acidic potential are investigated. 
The pH value is, therefore, an important parameter for 
the interpretation of leaching test results. The standard-
ized test conditions of the harmonized leaching tests 
are, therefore, not to be considered a simulation of real-
ity, but as a helpful convention that allows further mod-
eling of the data. Another challenge is the interpretation 
of test results from leaching tests under constant water 
contact for construction products on structures above 
the ground. These include roofs and facades, which are 
only occasionally exposed to water contact. In the case of 
facades, it is also important to consider that these verti-
cally oriented surfaces are exposed only to driving rain. 
It can be useful to apply a test procedure that is based on 
intermittent water contact such as EN 16105 [34], which 
was developed for paints and varnishes, depending on 
the properties and exposure conditions of the construc-
tion materials.

Analyses of eluates from construction products offer 
an excellent chance to avoid undesirable impacts on the 
environment. However, their benefit is directly linked 
to the selection of the investigated target substances. 
Candidate substances are summarized in the “indicative 
list” that shows inorganic and organic parameters that 
are specifically regulated for construction products in 
at least one of the European Union member states. Sub-
stances that need to be controlled can be selected from 
this list based on knowledge of the general composition 
of construction products. A working group from CEN 
TC 351 (WG 5) is currently harmonizing analytic meth-
ods for the quantification of these substances in eluates. 
Nevertheless, due to the large variety of materials used 
in construction, this list can cover only some of the sub-
stances that can have environmental impacts. This makes 
it possible not only to assess the release of selected com-
pounds, but also to identify compounds of interest by 
non-targeted analysis and to assess the effects that lea-
chates have on organisms. Both approaches will be dis-
cussed in the following paragraphs.

Chemical analytical methods
The published reports on studies dealing with the release 
of compounds from construction products and the moni-
toring of compounds in storm water usually analyze a 
limited number of analytes. The release of biocides (e.g., 
[35–39]) and metalloids [40–43] has been intensively 
studied, while only a few studies have dealt with selected 
other compounds, like the release of bisphenol A from 
corrosion protection products [44], the release of thio-
cyanate and nonylphenol from concrete [45], the release 
of DEHP and selected alternative plasticizers from PVC 
[46], and the release of PAH and phenols from bitumen 
used to waterproof roofs [47]. The robustness study 
performed for the leaching standards for construction 
products included inorganic analytes for a broad range 
of products and also considered the release of PAH, bio-
cides, and alkylphenols from different products [48]. 
Monitoring studies often focus on the list of priority sub-
stances as defined in the EU water framework directive 
[7, 9, 10].

Construction products are usually complex mixtures 
containing many more chemicals than included on the 
list of priority substances: residues from the production 
process and additives such as plasticizers, stabilization 
agents, pigments, surfactants, and solvents. In addition, 
the transformation of substances during the service life 
can result in as yet unknown substances and will be an 
important task for non-targeted analysis and fundamen-
tal research. Identifying relevant substances leaching 
from the materials is, therefore, quite a challenge. Usu-
ally, the process is a stepwise approach and depends on 
the information available. The formulation of the prod-
uct, if it is available, is a good starting point for substance 
identification. This compound list can be checked for 
substances that are classified as environmental hazards in 
accordance with the globally harmonized system of clas-
sifying and labeling chemicals [49] or those included in 
the indicative list [50]. Especially substances with a high 
acute toxicity (hazard statement H400) and with long-
lasting effects (H410, H411) are of concern. Knowledge 
of the presence of potential dangerous substances alone 
is not sufficient information, as total content is a poor 
indicator of the leaching potential and the resulting con-
centrations in the eluates. Furthermore, dangerous sub-
stances in the bulk material do not have to be reported if 
the concentrations are below reporting thresholds.

The screening of eluates is another way to identify 
relevant substances. While for inorganic analytes, the 
number of possible analytes is limited (if the analysis of 
different species of a single element is not considered), 
the number of organic compounds including degradation 
products is very high. Either gas chromatography cou-
pled with mass-selective detection (GC–MS) or liquid 
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chromatography coupled with mass-selective detection 
(LC–MS) might be used for screening. GC–MS with elec-
tron ionization (EI) at a given ionization energy of 70 eV 
provides robust and reproducible fragmentation of com-
pounds, allowing the comparison of mass spectra even if 
they were recorded using different types of instruments. 
The availability of commercial mass spectra libraries 
facilitates identification. However, this approach is lim-
ited by the number of GC–EI–MS spectra of compounds 
stored in the libraries (NIST 262,000 compounds and 
Wiley 600,000 compounds), which is limited in compari-
son with the more than 135 million inorganic and organic 
chemicals included in the CAS registry. The structural 
elucidation of compounds not included in the libraries 
is hampered by hard ionization techniques, which often 
do not allow the identification of the molecular ion [51], 
and by the sometimes high number of molecular formu-
las that can be attributed to low-resolution mass spec-
tra [52]. Even with more sophisticated methods, such 
as the use of MS classifiers [52] and fragmentation pat-
terns [53], structural elucidation is challenging. Further-
more, GC–MS is limited to volatile compounds, and the 
sample preparation steps necessary to transfer analytes 
from aqueous eluates to an organic solvent compatible 
with GC–MS may bias identification of certain analytes. 
In addition, sample preparation procedures do not nec-
essarily select between analytes and other substances. 
Therefore, a concentration of additional substances in the 
eluates can increase disturbing matrix effects on quantifi-
cation methods.

Sample preparation with the aforementioned draw-
backs may also be used for LC to enrich the analytes by 
e.g., solid phase extraction. The selection of the chroma-
tographic conditions and the ionization technique, such 
as electrospray ionization (ESI), atmospheric pressure 
chemical ionization (APCI), or atmospheric pressure 
photoionization (APPI), and the use of positive and/or 
negative mode can miss certain analytes [54]. The results 
of a collaborative trial for non-targeted screenings organ-
ized by the NORMAN Association (network of reference 
laboratories, research centers, and related organizations 
for monitoring of emerging environmental substances) 
reveal that generic HPLC methods using C18-columns 
are suited; but especially for very polar compounds with 
early retention times, special methods may have to be 
used [55]. The absence of comprehensive spectra librar-
ies necessitates an elaborated strategy for data handling. 
This automated data processing includes subtracting 
signals present in blank samples, filtering instrumental 
noise, mass filtering, peak detection, and the search for 
homologue series. High mass accuracies together with 
isotopic structures are essential for assigning a molecular 
formula, which can be used to search databases such as 

Pubchem and Scifinder for possible chemical structures. 
These structures are used to predict fragmentation and 
retention times in silico and to rank the candidates by 
the match factors of prediction and measured data [51, 
56]. This approach is limited to compounds present in 
databases. Structure elucidation from the experimental 
data alone is very challenging; Holcapek et al. [54] have 
compiled characteristic fragmentation behavior for small 
molecules.

Not all compounds tentatively identified by the exact 
mass of adducts of the molecular ion or the fragmenta-
tion pattern can be further considered, and plausibility 
should be evaluated using all available data. The ECHA 
chemical database might be helpful to identify chemi-
cals with high production and use volume. Furthermore, 
information on typical usage is given. Environmental 
monitoring data can also help to identify relevant sub-
stances. However, it should be noted that lack of envi-
ronmental data does not necessarily mean that these 
compounds are not present, if they were not included 
in monitoring programs. Selected identified compounds 
have to be fully confirmed by means of analytical stand-
ards as reference.

Chemical monitoring alone can never be complete, as 
the sampling and sample preparation strategy already 
miss certain analytes. This is also true of the detec-
tion method. Furthermore, in non-targeted screening 
approaches, only some of the compounds present are 
usually identified. Identification of every small signal 
near the limit of detection seems impossible. Chemical 
concentrations alone can be linked to the ecological rel-
evance of these compounds only if information on pos-
sible negative effects is available. Assessing the effects 
caused by the leachate might, therefore, be a tool supple-
mentary to chemical analysis.

Ecotoxicity tests
Ecotoxicity tests can be a valuable tool to indicate 
whether environmental impact has to be expected from a 
certain construction product. This is especially important 
either if comprehensive chemical analysis of eluates is not 
possible, or if the environmental impact of the analyzed 
substances is unknown. While the ecotoxicity testing of 
waste is generally accepted and included by Regulation 
(EC) 2017/997 in Waste Directive 2008/98/EC for deter-
mining the hazardous property HP 14 “ecotoxic waste”, 
few studies have considered the direct ecotoxicity testing 
of construction products so far [57].

In a recent review, Kobetičová and Černý [31] 
described several approaches to life-cycle ecotoxicologi-
cal assessment of building products. The authors started 
with the impact of mining or quarrying raw material on 
soil fauna and of the manufacture of cement, concrete, 
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and ceramics. They state that ecotoxicity studies of build-
ing materials “in situ”, i.e., in the construction phase or 
during their service life, are very rare. These studies also 
cover borderline areas not specifically attributed to con-
struction products, such as coatings containing biocidal 
film preservatives or nano-silver. None of the studies 
referred to deals with the pre-marketing assessment of a 
formulated construction product.

Similarly, Rodrigues et al. [58] proposed an evaluation 
scheme to assess virgin and recycled raw materials and 
construction materials, based mainly on a French pro-
posal for classifying waste. The proposal includes the 
one-stage batch test in accordance with EN 12457-4 (L/S 
ratio 10 L/kg) and chemical and ecotoxicological testing 
using luminescent bacteria, the Daphnia magna and the 
Saccharomyces cerevisiae growth tests.

More often, the known ingredients of a construction 
product are analyzed in leachates and compared with 
water quality standards [37] or known ecotoxicity data 
[59] to assess environmental hazards. This approach, 
however, requires knowledge of the ingredients in con-
struction products and/or extensive chemical analysis. 
The combined effects of all leachable substances and 
transformation products are determined by their total 
effects in bioassays.

In the field of construction products, several studies 
considered the leaching or run-off of biocides or metals 
from outdoor structures. Some of these studies have been 
combined with ecotoxicity tests. Heijerick et al. [60] ana-
lyzed the bioavailable zinc concentration in rain-driven 
run-off from zinc-coated panels (300 cm2) and explained 
the observed effects on genetically modified luminescent 
bacteria Alcaligenes eutrophus and algae Raphidocelis 
subcapitata in the presence of Zn2+ ions.

In only a few studies, eluates from leaching tests have 
been combined with ecotoxicity tests (see Table  1). It 
should be noted that observed ecotoxicity does not nec-
essarily mean that negative effects are observed also in 
the environment. The results of the different studies can 
hardly be compared, because different leaching tests 
were used and the reported endpoints vary. The results 
strongly depend on parameters of the leaching test, like 
the water volume used for leaching. Furthermore, the 
choice of eluate fractions has a strong influence: Heis-
terkamp et al. found higher toxicity for fraction seven of 
a DLST in comparison to  the combined first two eluate 
fractions. This was explained by the later fraction’s longer 
contact time in the leaching phase and by the swelling of 
the coatings. Sudár et al. [61] used different dilutions of 
the eluates for ecotoxicity testing and established dose–
response curves. These curves were used to calculate the 
eluate dilution where 50% of the effect is observed (EC50). 
They concluded that no direct adverse effects on aquatic 

ecosystems are expected if only eluates with a maximum 
dilution of 1:1 cause 50% of the effect. Comparative anal-
ysis with leachates obtained from column tests, which are 
suggested to better reproduce field conditions, generally 
showed lower or no ecotoxic effects, compared with elu-
ates obtained from batch tests [62].

Wagner [63] did not expect long-term impacts because 
the substances were degraded in the screening test 
in accordance with OECD 301 E [biodegradability by 
change in concentration of dissolved organic carbon 
(DOC)]. In additional terrestrial tests, the inhibition of 
nitrification was tested in accordance with the ammo-
nium oxidation test (ISO 15685) and the soil microflora 
abundance and activity test, using respiration curves 
(ISO 17155). While in the 1st week, an inhibition of nitri-
fication of up to 28% was observed, the respiration of soil 
microflora increased. Terytze et al. [64, 65] showed that 
the nitrification inhibition and soil microflora respiration 
tests are sensitive enough to indicate negative effects of 
construction materials on soil organisms.

Gartiser et  al. [28, 29] investigated the suitability of 
harmonized test methods to describe ecotoxic effects of 
eluates from construction products. Their study exam-
ined aquatic test methods that had already been pro-
posed to evaluate waste [66, 67] and ecotoxicity tests that 
are applied to assess construction products in Germany 
[68, 69] for their suitability to investigate eluates from 
construction products. Leaching experiments were per-
formed on twenty construction products of different ori-
gin and composition. Monolithic and plate-like products 
were eluted in accordance with CEN/TS 16637-2 [20], 
whereas granular products were eluted in a one-stage 
batch test in accordance with EN 12457-1 [70]. The elu-
ates were examined in four aquatic toxicity tests (algae, 
daphnia, luminescent bacteria, fish eggs), a genotoxicity 
test (umu test), and the respirometer test for biodegra-
dability (OECD 301 F). In this test, the lowest ineffective 
dilution (LID) was determined. For the determination of 
the LID, the sample is diluted until the observed ecotox-
icity dropped below a level at which no inhibitions, or 
only effects not exceeding the test-specific variability, are 
observed (e.g., growth inhibition green algae < 5%). The 
observed ecotoxicity of these eluates differed considera-
bly. Many of the twenty products tested showed no effects 
in ecotoxicity tests. However, there were also eluates 
from products such as ethylene  propylene  diene  mono-
mer rubber (EPDM), sealing masses, and synthetic floor-
ing that had to be diluted up to a dilution factor above 
1000 to derive LID values. For six out of eight investi-
gated eluates that contained more than 10  mg/L TOC 
(total organic carbon), biodegradability was above 75% 
[29]. A round robin test including seventeen laboratories 
from five EU member states was performed using eluates 
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from leaching tests on a monolithic and a granular con-
struction material that were both based on EPDM. The 
selected ecotoxicity tests with algae, daphnia, and lumi-
nescent bacteria were able to demonstrate toxic effects, 
as well as the level of toxicity of the eluates. The eluates 
were not toxic to fish eggs. The reproducibility of the 
tests was evaluated based on effective concentration 50 
(EC50) and lowest ineffective dilution (LID) values. It was 
observed that the variability of the test results increased 
with the overall level of toxicity and depended on the 
sensitivity of the test. Considering the complex over-
all process, the reproducibility of bioassays with eluates 
from construction products was regarded as acceptable 
[29]. Finally, a test battery for the ecotoxicological evalua-
tion of the environmental safety of construction products 
was recommended [28].

Recently, a guidance document on the use of ecotoxic-
ity tests applied to construction products was prepared in 
CEN/TC 351 and published in 2017 [71]. It refers to exist-
ing internationally harmonized ecotoxicity tests that were 
developed to assess the ecotoxic potential of chemicals, 
waste water, or contaminated soils and that more recently 
have been successfully applied to waste and waste eluates. 
It states that these methods, with some modifications, 
can be applied for the ecotoxicological characterization of 
construction products and their eluates.

The Guidance on the use of ecotoxicity tests for con-
struction products, CEN/TR 17105, refers to the chem-
ical-specific approach and a toxicity-based approach 
that complement each other. For complex mixtures of 
unknown or undisclosed composition, direct toxicity 
testing is recognized as a practicable method to estimate 
ecotoxicity. Ecotoxicity testing can be applied to con-
struction product eluates (aquatic tests) or to construc-
tion products mixed with artificial soil (terrestrial tests). 
The selection depends on the intended use, i.e., whether it 
is exposed to soil or water. In the context of harmonized 
specifications for construction products, currently only 
Germany requests data on ecotoxicity/biodegradability 
in certain cases [68]. The DIBt concept for assessing the 
impact of construction works on soil and groundwater 
defines the following limit (rejection) values: LID > 4 for 
the algae and daphnia tests, LID > 6 for the fish egg test, 
and LID > 8 for the luminescent bacteria test. No geno-
toxicity is allowed in eluates. These tests are demanded, if 
ecological safety cannot be verified by evaluating ingredi-
ents, with leaching tests combined with chemical analy-
sis, or by comparing measured concentrations with limit 
values. Thus, the added value of the ecotoxicity testing of 
construction products is mainly due to complex products 
with unknown or unassessed organic ingredients.

For the waste sector, which also concerns (used or 
recycled) construction products, more data on the direct 

ecotoxicity testing of eluates are available. Usually, a one-
stage batch test with a liquid/solid ratio of 10 in accordance 
with EN 14735 [72] is prepared for subsequent ecotoxic-
ity testing, and a limit (acceptance) value of LID ≤ 8 in 
the aquatic algae, daphnia, and luminescent bacteria test, 
as well as in the terrestrial tests with Arthrobacter globi-
formis, higher plants, and earthworms [73], is applied.

Conclusions
Methods for determining the release of substances from 
construction products during contact with water have 
been developed in recent years. The standards are in the 
stage of validation by a round robin test and are ready to 
use. These leaching tests can be used to determine the 
leaching potential of certain compounds, but the con-
centrations are not directly comparable to concentrations 
measured in the field. Assessment of leaching test results 
requires not only transfer models of realistic exposure 
but also specification of acceptable environmental con-
centrations. One important task will be to decide which 
parameters should be considered and included in the 
analysis. As it will be impossible to identify all com-
pounds in the eluates by means of chemical analysis, a 
complete assessment requires combining the analysis 
with ecotoxicity tests.

To receive reliable and comparable results, it is 
strongly recommended to apply only standardized eco-
toxicity methods, giving preference to those referred to 
in the CEN/TR 17105 guidance. Later, when defining 
limit values, the different leaching conditions should 
carefully be considered. This is especially true for the 
water/area or water/solid ratios, which have a decisive 
influence on ecotoxicity and may differ in a wide range 
(from 20 to 80  L/m2 and 2 to 10  L/kg, respectively). 
For the DSLT, often the first two fractions are used for 
ecotoxicity testing, which may be influenced by wash-
off peaks from surfaces and thus not be representative 
for assessing effects at later stages. Thus, another frac-
tion from a later stage of the DSLT may additionally be 
tested. However, a long contact time may also have the 
disadvantage that (bio)degradable ingredients are not 
detected.

Despite the benefits of ecotoxicity tests, it must not 
be neglected that these tests can indicate only selected 
effects on organisms. The combination of tests on dif-
ferent organisms is based on important life processes 
but cannot be comprehensive. In addition, substances 
of concern cannot be identified by ecotoxicity tests. 
Chemical analysis is required to identify substances 
that cause ecotoxic effects. Both chemical analysis and 
ecotoxicity tests are needed to support the further 
development of environmentally friendly construction 
materials.
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