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� A European round robin test has been carried out with 17 laboratories from 5 countries.
� Two construction products were eluted in an on-stage batch test or a tank test.
� Ecotoxicity against algae, daphnia, luminescent bacteria and zebrafish eggs was determined according to ISO standards.
� The more toxic the eluates, the higher was the variability.
� The inter-laboratory variability of the ecotoxicological characterization of construction products in eluates and bioassays was acceptable.
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a b s t r a c t

A European round robin test according to ISO 5725-2 was conceptually prepared, realised, and evaluated.
The aim was to determine the inter-laboratory variability of the overall process for the ecotoxicological
characterization of construction products in eluates and bioassays. To this end, two construction products
BAM-G1 (granulate) and HSR-2 (roof sealing sheet), both made of EPDM polymers (rubber), were
selected. The granular construction product was eluted in a one stage batch test, the planar product in
the Dynamic Surface Leaching test (DSLT). A total of 17 laboratories from 5 countries participated in the
.
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round robin test: Germany (12), Austria (2), Belgium (1), Czech Republic (1) and France (1). A test battery
of four standardised ecotoxicity tests with algae, daphnia, luminescent bacteria and zebrafish eggs was
used. As toxicity measures, EC50 and LID values were calculated. All tests, except the fish egg test, were
basically able to demonstrate toxic effects and the level of toxicity. The reproducibility of test results
depended on the test specimens and the test organisms. Generally, the variability of the EC50 or LID
values increased with the overall level of toxicity. For the very toxic BAM-G1 eluate a relative high
variability of CV ¼ 73%e110% was observed for EC50 in all biotests, while for the less toxic HSR-2 eluate
the reproducibility of EC50 varied with sensitivity: it was very good (CV ¼ 9.3%) for the daphnia test with
the lowest sensitivity, followed by the algae test (CV ¼ 36.4%). The luminescent bacteria test, being the
most sensitive bioassay for HSR-2 Eluate, showed the highest variability (CV ¼ 74.8%). When considering
the complex overall process the reproducibility of bioassays with eluates from construction products was
acceptable.

© 2017 Published by Elsevier Ltd.
1. Introduction

Construction products that come into contact with rain, seepage
water or groundwater in their intended use may release hazardous
substances through leaching. The use of waste materials in con-
struction has been recognized as a relevant source of heavy metal
pollution (Cenni et al., 2001; Flyhammar and Bendz, 2006; Galvín
et al., 2012). Leaching methods have been standardised and regu-
lations drawn up to address the issue (Eikelboom et al., 2001; Hage
and Mulder, 2004; Susset and Grathwohl, 2011; Nebel and Spanka,
2013). So far construction products releasing mainly hazardous
organic substances have received much less attention (Burkhardt
et al., 2011; Wangler et al., 2012; Baderna et al., 2015). The identi-
fication of hazardous substances by chemical analysis may not
cover all contaminants present in leachates from construction
products. With bioassays the joint effects of ingredients are
detected by their effects to living organisms. Bioassays are espe-
cially suited to assess effects of organic substances for which
reference or limit values for water quality often do not exist like for
heavy metals. This has been acknowledged in research work
addressing waste and road runoff (Pandard et al., 2006; Waara and
F€arm, 2008).

The variety of different construction products on the market is
huge. For both the manufacturers and the users of construction
products it is important that reliable and easy to use methods for
the assessment of the products' environmental assessment and
comparison of product performance are available. Thus, a test
battery has been elaborated for the ecotoxicological characteriza-
tion of eluates from construction products (Gartiser et al.
submitted). Such a harmonised test battery is intended to facili-
tate the development of a common understanding for the assess-
ment of leaching from the building sector for both regulatory
purposes and voluntary initiatives by manufacturers or ecolabels.

By the combination of leaching tests with ecotoxicity tests the
overall variability of the ecotoxicity test results is expected to in-
crease. However, the extent of this variability was not known so far.
Therefore, an interlaboratory round robin test with 17 laboratories
and two construction products relevant for leaching of organic
contaminants in their intended use (one granulate and one sheet
like) was carried out in 2015, while using biotests with algae,
daphnia, fish eggs, and luminescent bacteria. The testing strategy is
also in-line with the technical CEN guidance CEN/TR 17105 (draft)
on the use of ecotoxicity tests applied to construction products
currently being developed by the European Committee for Stan-
dardization (CEN). The International Organization for Standardi-
zation has published several biological methods under the
technical committee ISO/TC 147 for testing ecotoxicological effects.

An adequate reproducibility of ecotoxicity data is a prerequisite
for the validation of the methodology before it can be used for
regulatory purposes. Standardised performance tests for con-
struction products have been mandated by the European Com-
mission to facilitate the removal of technical barriers for trade. The
objective of the round robin test was to obtain quantitative figures
about the reproducibility and robustness of data obtained from
ecotoxicity testing of eluates.

2. Materials and methods

2.1. Participating laboratories and organization of the ring test

A total of 17 laboratories from 5 countries participated in the
round robin test: Germany (12), Austria (2), Belgium (1), Czech
Republic (1) and France (1). The laboratories belong to govern-
mental institutes, contract laboratories, research institutes and one
university (see attribution of authors to their institutes, laboratory
codes L01 e L18 are anonymised). Most laboratories maintain a
quality assurance system, although the studies themselves have not
been subjected under these systems. Because only data fulfilling all
validity criteria of the different tests were considered in the eval-
uation, a high quality of the data set is assured.

The round robin test was organised by the Hydrotox GmbH
laboratory (www.hydrotox.de) within a research project on the
ecotoxicological characterization of construction products funded
by the German Environment Agency. The boundary conditions for
the preparation of the eluates, the sample pre-treatment and the
implementation of bioassays were described in a detailed study
plan. Participants were provided with templates for data input and
demonstration videos for performing the leaching tests.

2.2. Construction products

The first product, “BAM-G1”, was an ethylene propylene diene
rubber (EPDM) granulate of 0.5 mme2 mm grain size used as
subbase and draining layer for artificial turf of sports grounds. The
material was brand-new and notmade up from recycled tire rubber
waste, which has been previously addressed in leaching studies and
whose eluates showed high ecotoxicity in the algae and daphnia
tests (Krüger et al., 2013). The second product, “HSR-2”, was also
made up by an elastomeric EPDM rubber sheet for roof sealing with
the following dimensions: 25 cm � 18 cm � 1.45 mm. The product
is root-resistant without the use of growth preventing herbicides
such as mecoprop. It is manufactured ready for use and does not
require lamination. Details of the characteristics and ingredients of
both products are given in the preceding study (Gartiser et al.
submitted). The test specimens were sent between the end of
August and early September 2015 by BAM and HSR to the
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participating laboratories. The laboratories were requested to
consider additional control blanks without the products in both
leaching tests which include all experimental steps (i.e. dilution
water, leaching and sampling vessels, pretreatment, storage). These
additional blanks from the DSLT and the one stage batch test were
examined in parallel in all ecotoxicity tests at a 1:2 dilution (D¼ 2).
Three laboratories did not provide blank controls for all bioassays.
Some laboratories found some toxicity in the blank controls at
D ¼ 2, but the LID could not be determined, because no follow-up
tests at higher dilutions were performed. The leaching tests and
bioassays were carried out between August 25th and November
24th, 2015.
2.3. Leaching tests

Each participating laboratory performed the elution process for
the specimens BAM-G1 and HSR-2 on its own (only exception: L10
tested parallel eluates provided by the organising laboratory). The
granulate BAM-G1 was eluted in the one stage batch test according
to DIN EN 12457e1 (2003). This method was developed for the
characterization of granular waste with particle sizes below 4 mm
and uses a liquid to solid ratio of 2 L kg�1 using an overhead shaker.
The technical specification CEN/TS 16637-1 provides guidance on
the assessment of release of dangerous substances from construc-
tion products. Here, the on stage batch test DIN EN 12457-1 is
referred to as an example of an indirect method, which may be
easier and/or cheaper to apply for a specific application. The study
plan recommended adding 250 g material to 500 mL deionized
water with a conductivity of <5 mS cm�1. The elution took place
over 24 h ( ±0.5 h) in a darkened room using an overhead shaker at
a revolution speed of 7 ± 1 rounds per minute at 20 �C ± 5 �C.
According to the study plan, the phase separation after shaking
should preferably be performed by sieving through a 0.5 ± 0.2 mm
stainless steel or porcelain sieve and subsequent centrifugation at
2000g for 30 min. Alternatively, a pressure or vacuum filtration
could be performed with pre-rinsed glass-fiber filters (0.45 mm).

A pre-treatment of eluates in order to remove particulate matter
before ecotoxicity testing was only required for BAM-G1 eluate
Table 1
Chemical parameters of eluates.

Lab code BAM-G1 HSR-2

pH Conductivity TOC Pre- pH Conductivity TOC

[mS/cm] [mg/L] treatment [mS/cm] [mg/L]

L01 8,2 163 48,4 s/c 6,9 8,6 1,5
L02 7,4 180 43,0 s/c 6,6 7,6 2,9
L04 7,7 180 N/A s/c/f 6,4 9,0 N/A
L05 8,3 190 43,6 s/c 6,6 9,2 2,1
L06 7,9 189 45,8 s/c 7,1 8,5 1,8
L07 8,2 204 62,6 f 6,9 13,6 1,8
L08 8,1 183 N/A s/c 6,1 10,3 1,8
L09 8,1 194 48,0 s/c 7,1 7,5 1,8
L10 8,1 179 47,1 s/c 6,7 8,5 1,5
L11 8,3 183 56,7 f 7,1 20,0 2,2
L12 7,9 202 54,0 s/c 7,2 10,2 1,4
L13 8,5 195 44,0 s/f 7,4 8,8 1,5
L14 8,2 195 N/A c 7,1 22,0 N/A
L15 7,5 246 N/A s/c 7,9 24,2 N/A
L16 7,5 200 51,0 s/f 6,8 9,0 1,9
L17 8,1 182 N/A c 7,9 10,0 N/A
L18 7,8 191 N/A s/c 6,9 8,8 N/A

N 17 17 11 17 17 12
Mean 8,0 191,6 49,5 7,0 11,5 1,8
Std 0,3 17,3 6,1 0,5 5,3 0,4

N/A: not analysed.
Pretreatment: s ¼ sieve; c ¼ centrifugation; f ¼ filtration.
while the DSLT-eluate with HSR-2 was clear. Not all laboratories
followed the recommended pre-treatment described in the study
plan (sieve followed by centrifugation). Filtration of eluates and all
possible combinations of the different pre-treatment procedures
have also been carried out (see Table 1).

The sheet like product “HSR-2” was eluted with the horizontal
dynamic surface leaching test (DSLT) according to CEN/TS 16637-2.
It consists in a simple tank test for assessing the release of
dangerous substances from monolithic or plate-like construction
products of >40 mm edge length and for plates with a surface area
exposed to the eluate of >100 cm2. In the standard procedure this
test is carried out for 64 days, while the eluate water is replaced at
distinct time intervals (after 6 h, 24 h, 2.25 d, 4 d, 9 d, 16 d, 36 d and
64 d). Two adjustments have been conducted for the preparation of
eluates for ecotoxicity testing. First, only the first two elution steps
after 6 h and additional 18 h have been carried out and both eluates
were unified for ecotoxicity testing. Second, the liquid/surface area
relation (L/A) was set to 20 L m�2 (2 mL cm�2). This corresponds to
the lower limit of the DSLT. For this, deionized water with a con-
ductivity of <5 mS cm�1 and preferably all-glass aquaria (e.g.
30 cm� 20 cm x 12 cm) were used as elution medium and leaching
vessel. The distance between all exposed surfaces of the con-
struction product to the glass wall should be > 2 cm and the test
specimen should be submerged by a 2 cm high water column.
Because the last requirement could not always be fulfilled at this L/
A-ratio a water column of <2 cm was also considered as being
acceptable. The aquaria were covered with glass plates and kept in
the dark at 19e25 �C. According to the study plan after 6 h ± 15min
the 1st water exchange was realised and the 1st eluate stored
overnight in a refrigerator (ca. 4 �C). The 2nd water sampling was
done after 18 h ± 15 min. Both eluates, representing a total elution
time of 24 h, were joint andmixed thoroughly. No filtration or other
pre-treatment of the eluates was envisaged.

For both the one stage batch test and the DLST additional blank
controls were run with deionized water in additional leaching
vessels with the same treatments as for the eluate. Immediately
after sampling the total volumes of eluates were divided into
several containers for the different ecotoxicological tests and frozen
at < �18 �C for up to 2 months until testing in accordance to ISO
5667-16. In this way, the different tests could be carried out inde-
pendently from each other. The laboratories were asked to use
sample containers (PP, PE or glass), which were thoroughly cleaned
and rinsed with deionized water.

2.4. Ecotoxicity tests

A test battery of four standardised ecotoxicity tests with algae,
daphnia, luminescent bacteria and zebrafish eggs was used. The
testing strategy is in-line with the technical CEN guidance on the
use of ecotoxicity tests applied to construction products currently
being developed (see Gartiser et al., submitted).

The Algae growth inhibition test was carried out according to EN
ISO 8692 (2012) with the algae species Raphidocelis subcapitata
(formerly Pseudokirchneriella subcapitata). The initial inoculum
density should not exceed 104 algae mL�1 (nominal or measured
start concentration). The study design consisted in 3 replicates per
concentration and 6 controls, the light intensity should be in the
range of 60e120 mmol m�2 s�1. Usually, the test is carried out
without pH adjustment, but it may be adjusted with extremely
alkaline or acid samples. The inhibition of the growth rates was
determined after 72 h via measurements of algae cell counts,
chlorophyll-fluorescence or absorbance.

The acute Daphnia toxicity test was used according to EN ISO
6341 (2012) with Daphnia magna using the synthetic medium as
dilution water. The pH was only adjusted to the pH of the synthetic
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dilution water when it was outside pH 6e9. The test design con-
sisted in 2e8 beakers per concentration with 2e8 daphnids each
(Annex F of ISO 6341). The evaluation was realised after 24 h and
48 h. The results of a sensitivity check with potassium dichromate
were asked to be reported (valid range between 0.6 and 2.1mg L�1).

The Luminescent bacteria test was realised according to EN ISO
11348 part 1e3 (2009). Preferably, freshly grown luminous bacteria
(part 1) or liquid-dried luminescent bacteria (part 2) should be
used, but freeze-dried luminescent bacteria (part 3) were also
accepted. The evaluation of the decrease of luminescence of the
marine bacterium Aliivibrio fischeri (formerly Vibrio fischeri) was
determined after an exposure time of 30 min. As far as the pH was
between pH 6.0 und 8.5 no pH-adjustment was required. If the pH
was below 6.0 or above 8.5 the pH should be adjusted to 7.0 ± 0.2.
The test design considered two replicates per concentration. The
sensitivity of the bacteria batch used should be checked with
reference substances (by the supplier or by own measurements).

The fish egg test was carried out according to EN ISO 15088
(2007). The pH of the eluate was adjusted to 7.0 ± 0.2, if neces-
sary. The fertilized eggs were exposed in 24-well cell culture plates
at 26 �C ± 1 �C. The study design consisted in 10 replicates (wells)
per concentration, four internal negative controls per plate, an
additional external negative control and a positive control with 10
replicates each. The evaluation after 24 h and 48 h ( ±30 min)
considered the endpoints “coagulated eggs”, “no tail detachment”
and “no heartbeat”.

Most laboratories followed the study plan which requested that
the eluates should be stored below �18 �C. However, 6 from 17
laboratories used freshly prepared or cooled eluates in all or some
biotests. The storage duration at �18 �C was between one and 55
days (median 9e20 days) while a maximum storage duration of 2
months was recommended. Some laboratories tested the recom-
mended dilution levels, but did not perform follow up testing if no
definite test result was obtained.
2.5. Evaluation

The participants received Excel and Word templates for raw
data documentation. The statistical evaluation was centrally real-
ised according to ISO 5725-2 (1994), usingMicrosoft Excel®, and the
statistical software ToxRat® Professional 3.2.1 (ToxRat Solutions
GmbH, Alsdorf, Germany).

As a first step of the evaluation of the bioassays, the validity of
the test results was assessed according to the distinct criteria
specified in the test guidelines. The validity criteria refer to the
maximummortality in the controls (daphnia and fish egg test), the
effects observed with a reference substance (all tests), the oxygen
content (daphnia test, fish egg test), the variability of the growth
rates of the controls (algae test), the variability of replicates
(luminescent bacteria), and the pH shift (algae test).

For the valid data, two effect parameters were calculated: The
EC50 values (volume percentage causing 50% effects) were calcu-
latedwith ToxRat Professional via non-linear regression (algae test)
or linear regression (Probit analysis) (daphnia, bacteria, fish eggs). If
no significant dose response relationship was found the data were
further processed via linear regressionwith theWeibull function or
with the Spearman-K€arber or binomial interpolation methods
(Environment Canada, 2005). The latter applied mainly to the fish
egg data. Additionally, the lowest ineffective dilution levels (LID)
Fig. 1. EC50 and LID from all tests with BAM-G1. Vertical error bars (whiskers): 95% confi
symbols: LID only determined as “greater than”. Only data indicated as blue diamonds were
red dotted/dashed line: 95%/99% tolerance range. Missing values: test not performed or mis
the reader is referred to the web version of this article.)
causing no inhibition or mortality, or only effects below the effect
specific threshold were determined. The LID corresponds to the
lowest dilution factor D, at which less than 10% mortality (daphnia,
fish eggs) is observed, respective at which the inhibition is below
5% (growth rate algae) or 20% (luminescence bacteria). LID-values
indicated as “higher than x”, were not included in the statistical
evaluations. In these cases the geometric mean (and hence toxicity)
tend to be somewhat underestimated.

In a second step, an outlier analysis was performed. Mandels-h-
statistic and Dixon-test were performed using log transformed
data. Additionally, the datawere checked for values beyond the 95%
and 99% tolerance limits (warning charts concept, Guidance
document of Environment Canada (2005)), (see Figs. 1 and 2). Test
results identified as outlier on the 99% significance level by at least
two methods or as almost-outlier (stragglers) (95% significance
level) by twomethods and as outlier by onemethod, were excluded
from further analyses.

Because of the logarithmic characteristics of EC50 and LID
values, all data were log transformed (Y ¼ ln (X)) prior to the
following calculations:

mean value m ¼ y_ ¼
Pn

i¼1yi
n

standard deviation� s ¼ sy ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn
i¼1

�
yi � y

�
2

n� 1

vuut

It should be stated, that for calculation of standard deviation
according to ISO 5725-2, the data measured by each laboratory
should be weighted depending on the numbers of repeated mea-
surements. Since in the present round robin test no repetitions
were performed, the simplified formula was applied.

By re-transformation (anti-log) of m und s using the formulas for
log normal distribution the following statistical characteristics are
obtained for the original scale X:

geometric mean ¼ EXPðmÞ

95% confidence limit ¼ EXP
�
mþ sffiffiffiffiffi

n�
p 1;96

�

95% resp: 99% tolerance limits ¼ EXPðmþ s*zÞ with z

¼ 1;96 for 95%; z ¼ 2;57 for 99%

expected value EWðXÞ ¼ EXP
�
mþ 1

2
*s2

�

The expected value is the probability-weighted average of all
possible values. For normal distribution expected value and geo-
metric mean are identical, whereas for log normal distributions the
expected value exceeds the geometric mean. For log normal
distributed data, both standard deviation and variation coefficient
(CV%) are related to the expected value rather than to the geometric
mean:

standard deviation Std ðXÞ ¼ EW ðXÞ*
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
es2 � 1

p

dence interval of the EC50, Open symbols: invalid tests, red symbols: outliers, green
considered for calculation of means and tolerance limits. Blue line: geometric mean, the
sing dose response. (For interpretation of the references to colour in this figure legend,
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Table 2
Interlaboratory test results with BAM-G1.

BAM-G1

EC50 LID

Daphnia Algae Bacteria Fish Daphnia Algae Bacteria Fish

n (initial) 17 12 14 12 17 12 14 12
Invalide tests 0 4 1 0 0 4 1 0
Outlier 0 0 1 1 0 0 1 1
No ECx/LID obtained 1 0 1 0 2 2 2 0
n (final) 16 8 11 11 15 6 10 11
Expected value 0,78 2,39 1,07 24,56 552,2 196,9 995,0 10,86
Geometric mean 0,52 1,61 0,76 19,64 396 152,4 804,0 8,66
95% CI 0.34e0.81 0.87e2.98 0.46e1.23 13.2e29.2 262e598 85.9e270 536e1204 5.82e12.9
95% PI 0.09e3.02 0.28e9.23 0.15e3.85 5.3e72.8 80e1961 37.5e620 223e2891 2,32e32.4
99% PI 0,05 - 5,21 0.16e15.9 0.09e6.39 3.5e109.5 49e3227 24.2e959 150e4305 1,54e48.8
sR 0.86 2.64 1.1 18.4 538 161 725 8.22

CVR % 111 110 99.7 75.1 97.4 81.8 72.9 75.7

n ¼ number of tests; CI ¼ confidence interval; PI ¼ prediction interval; sR ¼ standard deviation of reproducibility; CVR% ¼ coefficient of variation of reproducibility in %.
n (final) ¼ number of individual results available for statistics ¼ results with dose response (ECx) and clear LID(i.e. except “>x”), respectively, after validity check and outlier
rejection.
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variation coefficient CV ½%� ¼ StdðXÞ
EWðXÞ*100

All calculations were performed using MS Ecxel.
ISO 5725-2 (1994) distinguishes between intra-laboratory vari-

ability (repeatability) and inter-laboratory variability. The corre-
sponding variances sum up to the total variability (reproducibility).
Since the ring test participants performed each test only once, the
intra-laboratory standard deviation of repeatability could not be
calculated. Thus, the reproducibility of test results is approximated
by the inter-laboratory variability as the lower limit of the expected
total variability of the examined process.

3. Results

The elution tests showed an acceptable variability of the pH,
electric conductivity and TOC, with coefficients of variation of 9%e
46% (electric conductivity) and 12%e23% (TOC). Obviously, the
variability of the conductivity was higher than that of the TOC.

With a few exceptions no toxicity was observed in additional
blank controls tested in parallel, which included all experimental
steps (dilution water, leaching test, pre-treatment of eluates, stor-
age of eluates before testing). Only in 9 from 106 tests performed
with the blank controls some toxicity was found at D ¼ 2, mostly in
the effect range of 10e20%. However, the exact LID could not be
determined, because no follow-up of higher dilutions was carried
out. Thus, the occurrence of false positive tested samples due to
artificial effects can be excluded. The overall results are shown in
Tables 2 and 3. The overall data basis considered for the statistical
evaluation is shown in Table 4. All daphnia and fish egg tests sub-
mitted were valid, while for the luminescent bacteria test L13 had
to be excluded, because the validity criteria were not fulfilled. For
the algae test an exceptional high number of 9 tests was found to be
invalid. In 7 tests the minimum growth rate in the controls of 1.4
day�1 was not achieved, in 4 tests the coefficient of variability of the
growth rate in the controls was above 5% and in 4 tests the pH shift
was above 1.5. The outlier tests resulted in the exclusion of three
additional biotests from further evaluation: one luminescent
Fig. 2. EC50 and LID from all tests with HSR-2. Vertical error bars (whiskers):95% confidence
LID only determined as “greater than”. Daphnia test EC50, pink diamond: data were nearly
indicated as blue diamonds were considered for calculation of means and tolerance limits. B
values: test not performed or missing dose response. Algae test EC50: The blue triangle refe
data set, no EC50 could be derived). The new data could not be considered for the overall sta
colour in this figure legend, the reader is referred to the web version of this article.)
bacteria and fish egg test (BAM-G1) and one daphnia test (HSR-2).
The reasons for these outliers could not be identified.

For the daphnia, fish egg, and luminescent bacteria tests, the
remaining data base of 11e16 valid bioassays was meaningful. In
contrast, for the algae test, therewere only 7 (HSR-2) or 8 (BAM-G1)
valid bioassays at all. Furthermore two out of seven valid algae tests
with HSR-2 showed no dose-response relationship (L04, L08), thus
no EC50 values could be determined and the data base was reduced
to 5. Due to the poor data base, the results for the algae should be
regarded as preliminary.

The fish egg test with HSR-2 did not show any effects in seven
laboratories. In four laboratories the maximum effects were 10%e
40% at the highest concentration and no dose-response relation-
ship could be derived. Thus, no EC50 values were obtained at all.

The results of all bioassays are shown in Figs. 1 and 2. The EC50
and LID values from invalid bioassays are indicated and were found
to be generally in the same range as the valid test results. Never-
theless, non-valid test results and outliers were not considered for
calculation of means, confidence and tolerance limits.

The overall conclusions resulting from these data are the
following:

All bioassays except the fish egg test showed considerable toxic
effects. For BAM-G1 the sensitivity of test organisms was
daphnia > luminescent bacteria > algae » fish-eggs. In contrast, for
HSR-2 the sensitivity of test organisms was luminescent
bacteria » algae > daphnia > fish-eggs. The fish egg test with HSR-2
resulted in such low effects that no meaningful EC50 can be
calculated and the median LID is 1 which means non-toxic in the
undiluted eluate.

Generally, the HRS-2 eluate showed much lower toxicity (i.e.
higher EC50 and lower LID values) than the BAM-G1 eluate.

The LID results are mostly within the range of ±2 dilution steps
the EC50 values showed reproducibilities between 75% and 110%
(BAM-G1) and 9%e75% (HSR-2).
4. Discussion

With the exception of the algae test most results from the
interval of the EC50, Open symbols: invalid tests, red symbols: outliers, green symbols:
identical than that reported for BAM-G1, data judged as probably erroneous. Only data
lue line: geometric mean, the red dotted/dashed line: 95%/99% tolerance range. Missing
rs to L08, which provided a corrected data set after the final evaluation (with the first
tistical evaluations anymore, but is shown here. (For interpretation of the references to



Table 3
Interlaboratory test results with HSR-2.

HSR-2

EC50 LID

Daphnia Algae Bacteria Fish Daphnia Algae Bacteria Fish

n (initial) 17 12 14 12 17 12 14 12
Invalide tests 0 5 1 0 0 5 1 0
Outlier 1 0 0 0 1 0 0 0
No ECx/LID obtained 2 2 1 0 3 0 1 0
n (final) 14 5 12 12 13 7 12 12
Expected value 65.1 45.6 15,86 n.d. 2,39 8,31 59,46 1,25
Geometric mean 64.8 42.8 12,70 n.d. 2,34 5,56 47,73 1,2
95% CI 61.7e68.0 31.4e58.3 8.7e18.5 n.d. 2.09e2.61 2.6e12.2 32.8e69.5 1.0e1.4
95% PI 54.0e77.8 21.5e85.4 3.4e46.9 n.d. 1.56e3.50 1.0e32.0 13.0e175 0.6e2.2
99% PI 51.0e82.3 17.3e106 2.3e70.5 n.d. 1.38e3.96 0.6e55.2 8.7e262 0.5e2.7
sR 6.1 16.6 11.9 n.d. 0.0 9.14 44.2 0.4
CVR % 9.3 36.4 74.8 n.d. 20.7 110 74.3 32.1

n ¼ number of tests; CI ¼ confidence interval; PI ¼ prediction interval; sR ¼ standard deviation of reproducibility; CV% ¼ coefficient of variation in %.
n (final) ¼ number of individual results available for statistics ¼ results with dose response (ECx) and clear LID(i.e. except “>x”), respectively, after validity check and outlier
rejection.

S. Gartiser et al. / Chemosphere 175 (2017) 138e146 145
daphnia, fish egg and luminescent bacteria tests complied with the
validity criteria of the respective guidelines. With the algae test, the
validity criterion for the growth rate of the ISO 8692 test guideline
was often not met. One reason for the unexpected high number of
invalid algae tests may be that the algae species Raphidocelis sub-
capitata is not routinely used by all participating laboratories. In
Germany Desmodesmus subspicatus is more often used for envi-
ronmental samples. Another reason could be the fact that labora-
tories experience with Raphidocelis subcapitata is often based on
Table 4
Data basis for the round robin test.
the test performance according to OECD 201, which is used for
chemical testing. OECD 201 only requires a biomass increase in the
controls of a factor of 16 (growth rate 0.92 day�1) while ISO 8692
demands for an increase of a factor of 67 (growth rate 1.4 day�1).

There was no uniform ranking of bioassays with respect to their
reproducibility. While the daphnia test was the most sensitive
species to BAM-G1, for HSR-2 this was the Luminescent bacteria
test. For the BAM-G1 eluate a relative high variability of CV ¼ 73%e
110% irrespective of the bioassays was observed, while the



Fig. 3. Factors influencing the total variability of test results.
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reproducibility for the HSR-2 eluate was very good for the daphnia
test with the lowest sensitivity (CV ¼ 9.3%), followed by the algae
test (36.4%). The luminescent bacteria test, being the most sensitive
bioassay, showed the highest variability (74.8%). Thus, the repro-
ducibility of the EC50 or LID value depends on the level of toxicity.
The more toxic the eluates, the higher was the variability. One
reason might be that for construction products containing highly
toxic ingredients even small differences in the elution process can
lead to large differences of effects to the respective organisms.With
respect to the luminescent bacteria test part of the variability might
also be explained with the different bacteria sources. Most labo-
ratories (10) used liquid-dried bacteria, but freeze-dried (3) and
freshly grown (1) bacteria were also used.

Although mostly no toxicity was observed in the blank controls
it is recommended to consider such parallel blank controls carried
out over the whole process in order to detect possible artefacts.

The reproducibility of ecotoxicity tests from different eluates is
acceptable and within the expected range and a distinction of
highly ecotoxic construction products and non-ecotoxic construc-
tion products is possible. The variability of results corresponds to
the lower limit of the actual variability of the whole process since
only the inter-laboratory variance of the elution process and biotest
performance was covered. The intra-laboratory variance of
repeated tests in one laboratory could not be determined. The
observed variance of the round robin tests also includes further
factors such as the eluate pre-treatment and sample storage as well
as possible blank effects, which were overall very heterogeneous
(Fig. 3).
5. Final conclusion

The results from the round robin test demonstrate, that
combining leaching and ecotoxicity tests contributes to the char-
acterizing of environmental hazards from complex construction
products with a sufficient accuracy. Given the extremely complex
overall process the bioassays with eluates from construction
products showed an acceptable reproducibility. Although the rea-
sons for differing results could not be identified, the varying pro-
cedures followed by different laboratories in terms of eluate
preparation, pretreatment and storage certainly contributed to the
overall variability. By further restricting the range of options
allowed in the different standards validity and reproducibility is
expected to be improved. A further validation of the leaching tests
for the generation of eluates planned to take place in 2017 will
contribute to the reliability of both chemical and ecotoxicological
tests carried out on the eluates.
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