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ABSTRACT
Mollusks are known to be uniquely sensitive to anbar of reproductive toxicants including
some vertebrate endocrine disrupting chemicals. é¥ew they have widely been ignored in
environmental risk assessment procedures for clasnithis study describes the validation
of thePotamopyrgus antipodaruneproduction test within the OECD Conceptual Frammi
for Endocrine Disrupters Testing and Assessmerg.niumber of embryos in the brood pouch
and adult mortality serve as main endpoints. Thgearents are conducted as static systems
in beakers filled with artificial medium, which @erated trough glass pipettes. The test
chemical is dispersed into the medium, and addils@are subsequently introduced into the
beakers. After 28 days the reproductive succesketsrmined by opening the brood pouch
and embryo counting. This study presents the esoittwo validation studies of the
reproduction test with eleven laboratories anddhemicals tributyltin (TBT) with nominal
concentrations ranging from 10 - 1000 ng TBT-Snid aadmium with concentrations from
1.56 - 25 pg/L.
The test design could be implemented by all lalooied resulting in comparable effect
concentrations for the endpoint number of embryothe brood pouch. After TBT exposure
mean EGoy, EGo, NOEC and LOEC were 35.6, 127, 39.2 and 75.7 nfiy, Sespectively.
Mean effect concentrations in cadmium exposed sivedre, respectively, 6.53, 14.2, 6.45
and 12.6 pg/L.
The effect concentrations are in good accordante alieady published data. Both validation
studies show that the reproduction test withantipodarumis a well-suited tool to assess

reproductive effects of chemicals.

Keywords: Standardisation, Mollusk, Reproductionpnd&crine Disruption, Tributyltin,

Cadmium.
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1. INTRODUCTION

The Organisation for Economic Co-operation and Dmraent (OECD) is one of the focal
institutions for the harmonization of test methdbat are used for the risk assessment of
chemicals (Gourmelon and Ahtiainen, 2007). In 262 Conceptual Framework for
Endocrine Disrupters Testing and Assessment waseddry the OECD providing a guide to
the availablein silico, in vitro andin vivo tests giving information for the assessment of
endocrine disrupters with 5 levels of increasingiptexity. Tests on invertebrates belong to
level 4 and 5 of the Conceptual Framework and pie®wdata on adverse effects on endocrine
relevant endpoints (e.g. reproduction), althougis¢htests are not of mechanistic nature like
e.g. (n vitro) receptor binding assays: they may respond t@uanmechanisms caused by the
general toxicity of a substance and may therefds® @over non-endocrine disrupting
mechanisms (OECD, 2012a). They comprise species Diaphnia magna Chironomus
riparius andLumbriculus variegatusSo far, a standard test for routine chemical tgstith

the species-rich phylum of mollusks has not yetnbestablished within the Conceptual
Framework, although mollusks are ecologically ailorganisms, which are essential to the
biosphere and to the human economy (i.e. the #fellihdustry) (Matthiessen, 2008;
Shumway et al., 2003). Furthermore, they are higlggsitive to a number of endocrine
disrupting chemicals (e.g. organotins) and oth@raguctive toxicants (Duft et al., 2007,
Jorge et al., 2013; Matthiessen, 2008). A promimxaimple for the impact of a chemical on
aguatic invertebrate populations in the field is thrilization effect on mollusks caused by
tributyltin (TBT). It caused imposex and interseevdlopment as two masculinization
phenomena in more than 260 gastropod species, @aithg oyster-growing industry and
caused severe losses of invertebrate biodivemityoastal waters (Matthiessen and Gibbs,
1998; Titley-O'Neal et al., 2011). To close thipgaECD welcomed and supported the
development of standard reproduction tests withlusklspecies (Gourmelon and Ahtiainen,

2007; Matthiessen, 2008). In 2008, the German Bnuient Agency and the Department for
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Environment, Food and Rural Affairs of the Uniteosh¢g@ddom started the coordination for test
method development. As a first step a detailedexe\paper on Mollusks Life-cycle Toxicity
Testing was prepared summarising the state of keuhyd on mollusk testing and proposing
possible test designs and test species (OECD, 20B#&side the pond snallymnaea
stagnalis (Gastropoda: Lymnaeidae) and the Pacific oy§ieassostrea gigas(Bivalvia:
Ostreidae) one of the most promising candidateispdor a standardised test guideline was
the New Zealand mudsndtotamopyrgus antipodaruiiGGastropoda: Tateidae). This species
has already been subject of several ecotoxicolbgtodies (summarized in Sieratowicz et al.
2011) and is known to be sensitive to a numberepfaductive toxicants and endocrine
disrupting chemicals (Duft et al., 2007; Gust et 2010; Jobling et al., 2004; Ruppert et al.,
2016; Sieratowicz et al., 2011). Originating froreviNZealand the mudsnail. antipodarum
was introduced to other parts of the world in thie-8" century with the ballast water of
ships (Ponder, 1988). It is common in aquatic estesys including lotic as well as lentic
ecosystems (Alonso and Castro-Diez, 2012). Bulsih accurs in estuarine areas because it
can tolerate salinities up to 15%. (Jacobsen anddspr1997) demonstrating its high
ecological relevance. The shell length reachesoup ihm (Duft et al., 2007). During dry or
cold periods, snails live completely buried in gegliment (Duft et al., 2003p.. antipodarum
feeds on detritus, algae, and bacteria, being daBpen the surface of plants, stones, or the
sediment (Macken et al., 2012). European populatioconsist almost exclusively of
parthenogenetic females with embryos developinthéanterior part of the pallial oviduct
section, which is transformed into a brood poudamfrwhich juvenile snails are released
through the vaginal opening (Fretter and Graham@4)19Snails reach sexual maturity at an
age of about 30 weeks at a size of about 3.5 mmsédeet al., 2001; Mgller et al., 1994).
Reproduction takes place throughout the year (@tsil., 2011b).In Europe three clonal
genotypes were identified: clone A can mainly benfb at freshwater sites all over Europe

whereas clone B and C characterize coastal andkibnhawater habitats. Clone C is only
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found in Wales and a few locations on continentaiolge (Stadler et al., 2005). Differences
between clones have also been subject of severhést A comparative sensitivity study with
sediment-bound cadmium and four clonesPotintipodarum(clone A, B, C and one New
Zealand clone) revealed that interclonal difference life-history traits like specific growth-
rate and reproductive output were within an ordemagnitude (Jensen et al., 2001). Other
studies show differences in life-history traits afe@ding rates in response to a salinity
gradient between clone A and B (Jacobsen and Foil®¥). In acute toxicity tests with
P. antipodarumthe widths of the tolerance also differed amongnets. Due to its wide
distribution in freshwaters, European clone A wasdifor further test development.

In 2011, the leading countries Germany, United idomg, France and Denmark promoted the
inclusion of the development and validation of nst guidelines on mollusk reproductive
toxicity testing within the OECD test guideline gramme (project 2.36) (OECD, 2015). In a
collaborative work between academia, industry aodegiment the test protocols with the
two gastropod specieB. antipodarumand L. stagnaliswere successfully optimised, pre-
validated and validated (Ducrot et al., 2014; OEQD15, Charles et al., 2016), an intensive
process including data mining, method standaradimatnd optimization, and ring tests
(OECD, 2005). In April 2016 the reproduction testdh P. antipodarumand L. stagnalis
were officially approved by the national coordinatof the OECD member countries as test
guidelines. They are the first aquatic non-arthcbpest, which were successfully validated
within the Conceptual Framework for Endocrine Dideus as a level 4 assay. The present
study shows the results of the two first validatimunds withP. antipodarumusing the

substances cadmium and TBT with 11 European latyoeat
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2. MATERIALSAND METHODS

2.1Implementation of the validation tests

211 Snail production, biological quality checking andcamation
All snails used for this study were obtained frdm tong-term breeding stock established in
our laboratory (Goethe University, Frankfurt, Genyjaand belong to the clone A genotype
according to Stadler et al. (2005). In 2009, thidtwe was reinvigorated with snails
originating from populations collected in the Kathaa small creek in Frankfurt, Hesse,
Germany and in 2011 with snails from the Lumdajels creek near Rabenau in Hesse,
Germany. In the culture, the snails were kept at 186C and a light:dark regime of 16:8 h in
15 L glass aquaria with aerated reconstituted wateionised water; pH 8 (x 0.5) adjusted
with NaOH and HCI; conductivity 770 pS/cm adjusteith TropicMarii® sea salt (Dr.
Biener GmbH, Wartenberg, Germany) and NaH)C& proposed in OECD (2010a). Snails
were fedad libitum twice a week with finely ground TetraPhyll® (Tet@@mbH, Melle,
Germany). Once a week, at least one third of thereumedium was renewed.
Before shipping to the partner laboratories, theraductive output was checked in snails
from the stock culture. Overall, about 4700 snailsre shipped in 1L glass beakers,
containing 500 snails in 950 mL culture medium &ndly ground TetraPhyfl (ad libitum).
Shipping duration was 1 day, except for laborat®ywhere shipping took 2 days. In the
participating laboratories, snails were acclimabetween 5 and 68 days at 15-17°C. The
different acclimation periods were due to the scifiad of the test period in the laboratories.
Surviving snails of the first batch sent to laborgt1B (see 3.1) were acclimated for 5
months. The experiments of validation | with cadmiwere conducted between May and
July 2010. Validation Il experiments with cadmiumdalBT were performed between June

2013 and March 2014.
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2.1.2 Principle of the reproduction test and experimemiahditions

Adult P. antipodarunof a defined size class (Table 1) are exposedctimaentration range of
the tested chemical and control groups for 28 a¢hEexposure group, including a negative
(water) and if required solvent controls, consaftéour replicates containing ten individuals
each. Test medium is changed three times a weekatotain exposure concentrations and
adequate water quality parameters, e.g.pBl and conductivity, which are monitored before
exposure medium renewals. Dead snails are countédeanoved from the test vessels during
medium renewal. Once a week, the test vesselshargged to prevent biofilm growth. After
28 d, snails are sacrificed at -20°C in a freezaquick-frozen in liquid nitrogen, and stored at
-80°C. Using a stereo microscope the snails amedisd by cracking the shell with pliers and
removing the shell parts from the soft body witheézers. The brood pouch is opened
carefully and the embryos are extracted using eseahd tweezers. The main endpoint, the
number of embryos in the brood pouch of each indial, is assessed. Table 1 summarises

the main experimental conditions.

Table 1: Summary of main experimental conditionthimring tests

Test duration 28 days

Test water Reconstituted water (with 0.3 g Tropiaiki& salt and 0.18 g NaHCer 1 litre de-ionised water)
water quality requirements: pH 7.5 — 8.5, conduistiv70 £ 100 puS/cm, oxygen concentration >
80% ASV (air saturation value)

Test vessels 1 L glass beakers (validation I) 6rfBQ glass beaker (validation I1) with lids

Water renewal 3 times per week

Temperature 15-17°C

Light intensity 300 - 500 lux

Photoperiod 16:8 h L:D

Food source Finely ground Tetraphyll®

Feeding 0.25 mg/animal and day

Snails origin Laboratory culture, which was estsiidid with snails from Kalbach Frankfurt, GermanydgAst
2009)

Test snails size 3.5-45mm

Snails density 10 snails per 800 mL medium (vaiaat) 10 snails per 400 mL medium (validation (B

replicates per tested concentration for both vébda and I1)
Core test endpoints Survival, reproduction
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2.1.3 Tested chemicals and exposure water sampling
Cadmium
For the validation studies with cadmium, differeatimium salts were used. In validation I,
cadmium sulphate hydrate (CAS no. 7790-84-3) puwetidrom Merck KGaA (Darmstadt,
Germany) was used. In validation Il, cadmium clderi(CAS-No.: 10108-64-2, Sigma-
Aldrich®, Germany) was tested. Both, coming from a singieth were provided to the
participating laboratories by Goethe University.Vvilidation I, four laboratories performed
the test with cadmium sulphate hydrate (laboratooges 1A-1D) and five laboratories
conducted the reproduction test with cadmium cHkfor validation Il (laboratory codes 2A,
2E-2K). The nominal cadmium concentrations weresehobased on pre-tests at Goethe
University (data not shown). Five concentrationscafimium were used with a factor of 2
between concentrations: 1.56, 3.13, 6.25, 12.52qig/L. No carrier solvent was used.
Stock solutions with a cadmium concentration of A50L were prepared by adding ultra-
pure water to the substances. For lower concenigtia dilution series was prepared from
the stock solutions. In the first and second vailica experiments, 80 uL and 40 pL,
respectively, of the stock solutions were addedthte 1L and 500 mL test vessels,
respectively, to obtain the nominal test conceiungt To calculate the time-weighted mean
(TWM) concentrations of cadmium according to angerf the OECD test guideline 211
(OECD, 2012b), 25 mL of water from all test concatibns and water control was sampled
over two (validation I) and four (validation II) mewal intervals, respectively. Samples from
freshly prepared exposure media were taken at medamewal, and pooled samples of all
replicates were taken before medium renewal.
Water samples were stored in 50 mL polypropylermmesu(Sarstedt, NUmbrecht, Germany)
and acidified with 65% nitric acid (SuprafurMerck KGaA, Darmstadt, Germany).

Chemical analysis was performed via inductivelyped plasma mass spectrometry (ICP-
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MS, ELAN DCR-e, Perkin Elmer, Uberlingen, Germaiy)validation | at the International
Graduate School Zittau, Chair Environmental Tecbgyplin validation | and at chemlab
GmbH Bensheim, Germany in validation Il, accordiad>IN EN ISO 17294-2 (2005). For
the first and second validation studies, the limitsletermination (LOD) were 0.Qig/L and
0.03 pg/L, respectively; the limits of quantificati (LOQ) were 0.02hg/L and 0.5 pg/L,

respectively.

Tributyltin

TBT was tested as tributyltin chloride (96% puri§AS No. 1461-22-9, Merck Schuchardt
OHG, Hohenbrunn, Germany) from a single batch, twhias provided to the participating
laboratories by Goethe University. The nominal T&Inhcentrations were chosen based on
pre-tests at Goethe University (data not shown)labloratories tested concentrations ranging
from 10 to 400 ng TBT-Sn/L, except for laboratory and 2Ab which considered a
concentration range from 25 up to 1000 ng TBT-S@lacial acetic acid (100% purity, CAS
No. 64-19-7, Merck KGaA Darmstadt, Germany) contggmmax. 0.002% hydrochloric acid
(Suprapur®, CAS No. 7647-01-0, Merck KGaA Darmstdslérmany) was used as solvent
for TBT exposure groups. The resulting solvent eoti@tion in the test vessels of all TBT
exposed groups and of the solvent control was 1Q.uL

Analytical measurements for TBT were performed bgrolab GmbH, Bensheim, Germany,
according to DIN EN 1SO 17353-F13 by gas chromatpgy (Agilent 7890A with Agilent
5975C). Pooled water from all test concentratiams$ solvent controls was sampled over two
renewal intervals. Water samples were stored ih kgnsity polyethylene amber bottles at
4°C in darkness before analysis. Sample volume W@80 mL for the lowest test
concentration and the solvent controls, 500 mLsemmples of nominal 25 ng/L and 250 mL
for the three highest test concentrations. The L@#3 0.82 ng TBT Sn/L, the LOQ was

2.05 ng TBT-Sn/L.
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2.1.4 Test validity criteria
The following conditions were set as validity crigefor validation | and II:
* The dissolved oxygen value should be at least 60%eoair saturation value in the
controls throughout the test
» Overall mortality in the control groups should eateed 20% at the end of the test.
For validation I, a third validity criterion waslded to align the draft test guideline with
available guidelines for freshwater invertebrateECD, 2004, 2012b):

* Water temperature should be 16 + 1°C throughoutdsiein all exposure groups

2.2Raw data recording and analysis

Embryo number and shell length for each female wecerded and entered into an EXcel
(Microsoft Corporation, Redmond, USA) spreadsheaetvipusly prepared by the ring-test
coordinator. Statistical analysis was carried osing GraphPad Pristh(Version 5.03,
GraphPad Software Inc., San Diego, USA). Fisher&etest was used to test for differences
in survival between treatments and controls. Embrymbers were analysed as arithmetic
means of each replicate using one-way analysisanance (one-way ANOVA) followed by
Dunnett’s multiple comparison test to evaluateisieal differences from the respective
control group, if requirements for these parameiests were fulfilled (normal distribution
and homogeneity of variance). If normal distribatend homogeneity of variances could not
be achieved even after a logarithmic or square toamsformation of data, significant
differences between exposure groups were assessgfthie Kruskal-Wallis test followed by
Dunn’s multiple comparison test. Water and soleentrols were combined for TBT because
they were not statistically significantly differe{Green and Wheeler, 2013). For all
comparisonsa was set 0.05. The 10% and 50% effect concentmti®G, EG) for
reproductive toxicity and survival were derived ngsia LogNorm or Weibull nonlinear

regression model (Kusk, 2003). The best-fitting Bladas chosen, i.e. the highest r
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3 RESULTS

3.1 Post shipping mortality
No striking post-shipping mortality occurred afsanding the snails to the laboratories and
during the acclimation phase, except in laboratdy Here, many snails died for unknown
reasons. Hence, a second batch of snails wascs#ns taboratory. Surviving snails from the

two batches were combined and used for the test.

3.2 Water quality parameters and compliance withois criteria
Table 2 summarises the mean physico-chemical paeasnfor all participating laboratories
of validation | and II. The pH values ranged betw@&e5 (2E) and 8.39 (2F) which is in the
determined range of 7.5-8.5. Also the measureduwzingty and mean oxygen concentrations
were similar among laboratories. All laboratoridsietn conducted the reproduction tests with
cadmium (1A-2H) fulfiled the given validity critex for temperature and oxygen
concentrations and recommended pH and conductivity.
In all laboratories control mortality was betweé Gnd 2.5%, except for laboratory 2J. Here,
a mean mortality of 30% was observed in the soleentrol. All laboratories performing the
reproduction tests with TBT in validation Il achesl/the defined temperature scale, except
for laboratory 2K. Here, a mean temperature of 199& measured instead of 16°C.
Therefore, the non-valid test results of labora®rkJ and 2K are not considered in the

evaluation of reproduction data but can be fountheSupporting Information.

Table 2: Mean of the physico-chemical parametersxduhe validation studies | and Il

pH Conductivity [uS/cm] Temperature [°C] »@aturation [%)]
Laboratory mean SD n mean SD n mean SD I mean SD n

1A 8.15 0.196 120 840 16.0 12( 153 0.362 120 94.31.75 120
1B 8.32 0.136 140 742 28.8 140 174 0.300 140 96.2.80 140
1C 8.11  0.090 120 718 23.8 120 16.0 0.597 1p0 98.8.50 120
1D 8.28  0.457 197 737 53.0 197 149 0.467 1p7 99.2.28 197
2Aa 8.26  0.700 144 811 58.8 144 154 0.386 144 95.%6.99 144
2Ab 8.13  0.900 84 788 31.3 84 16.7 0.311 84 938 017. 84
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2E 795 0.707 144 774 225 24 154 0.344 4 101 612 24
2F 8.39 0.680 155 819 31.3 108 16.1  0.709 1p6 98.8.99 155
2G 8.34 0.670 156 755 44.5 156 16.2  0.405 166 95.@.28 156
2H 8.06 0.660 156 711 64.4 156 158 0.559 156 90.6.34 156
21 8.24  0.890 85 668 375 85 17.0 0.498 8 102 5.0585
2J 8.24 0.863 91 762 34.3 91 156 0.279 1 934 07970
2K 8.31 0.870 91 719 128 91 19.0 1.050 9 86.9 10.491

3.3Actual exposure concentrations
Cadmium

Table 3 summarises the calculated TWMs of meascagium concentrations from both
validation studies. More detailed information cam found in the Supporting Information.
Overall, the measured cadmium concentrations werdas among the laboratories. Most of
the TWMs were below nominal concentrations andecaetween 60.9% and 91.2% of
nominal cadmium concentrations. Only in laborat@@ one measured value was 135%
higher than the nominal concentration of 6.25 udgfi.a few control samples very low
background concentrations were measured in theerarigng/L. Only in laboratory 1B
9.89 pg cadmium/L occurred in one sample of oldtrmbrwater, which was most probably
the result of a sample tube mix up, as no cadmiouidcbe measured in the freshly prepared
sample 2 days before. Therefore, this sample wasmnoluded in the TWM calculation. All
effect concentrations reported in this study arsedaon TWM concentrations in order to

facilitate the comparison of results between labs.

Table 3: Time weighted mean concentrations of cadnin validation | and Il

Nominal Laboratories
goncentigtion Measured concentration [ug Cd/L]
[ug Cd/L]
1A 1B 1C 1D 2A 2E 2F 2G 2H

Control n.d. n.d. n.d. n.d.| n.d. n.d. n.d. n.d. n.d.
1.56 1.13| 1.18/ 1.14 1.211.07| 1.06| 1.06) 1.41 0.95
3.13 2.46| 254 195 244209 | 214| 237 248 221
6.25 561| 4.83] 562 4.69 462 | 424 474 843 4.78
125 10.9| 9.71] 7.7 9.4%11.1| 9.03| 10.6| 10.1 9.19
25 20.0| 19.1| 22.8 19.0 20.8 | 17.8| 21.0, 159 18.6

n.d.: not detected (below LOD)
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306 TBT

307 In Table 4, calculated TWMs of measured TBT conegimns are shown. In the solvent
308 controls no TBT was detected. In most laboratoriB8/Ms were below nominal
309 concentrations. The average TWM concentration whg% of nominals and values varied
310 between 10.1% and 121%. Initial concentration whbetween 6.31% and 285% whereas
311 measured concentrations of old samples varied leetier9% and 299%. Therefore, TWMs
312 were used to calculate effect concentrations. Metailed information on the actual exposure

313 concentrations of each participating laboratory lsarfiound in the Supporting Information.

314

315 Table 4: Time weighted mean concentrations of TiBValidation II

Nominal Laboratories
concentration Measured concentration [ng TBT-Sn/L]
[ng TBT-Sn/L]
2Aa | 2Ab 2E 2F 2G 2H 2
Solvent control n.d. n.d. n.d n.d. n.d. n.d. n.d.
10 4.11 n.t. 5.40| 2.61 430 3.04 6.39
25 305| 186| 28.8 466 125 7.5 9.43
65 30.7| 278 36.8 930 392 176 16.2
160 56.1| 50.8/ 96.3 16.1 414 35(7 38.0
400 120 229 198 41.9 132 9419 69.7
1000 n.t. 838 n.t. n.t. n.t. n.t n.t.
316 n.d.: not detected (below LOD), n.t.: not tested
317
318 3.4 Effects of cadmium on P. antipodarum

319 In both validation studies, the mortality of snalsross treatments was similar between the
320 laboratories and did not exceed 5.1% after 28 daysept in laboratories 1A and 2F. There,
321 mortalities of 32.5% and 37.5%, respectively, waveerved at the highest test concentrations
322 of 20 ug/L and 21 pg/L, which were statisticallgraficant compared to the water controls
323 (Fisher’s exact test, p < 0.001).

324 In all participating laboratories of validation hé Il a concentration-dependent decrease of
325 embryo numbers could be observed. Figure 1 shogsdhcentration-response curves fitted

326 to the experimental data. Obtained effect conceatre are summarised in Table 5. In
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comparison to the other laboratories, laboratory ddgected considerably lower effect

concentrations, resulting in an ECof 0.69 ug/L and a NOEC of 1.18 pug/L. Effect

concentrations” 95%-confidence intervals of labmmatlB did not overlap with confidence

intervals of effect concentrations from other ladories of the validation studies. These

showed similar results with Eg&values ranging from 3.46 pg/L to 10.3 pg/L. sE@alues

show a 4.2-fold difference between the laboratoiMSEC values were between 1.95 ug/L

and 11.1 pg/L. When excluding laboratory 1B, a i#dl@ difference in EG, values was

observed between the studies. Due to the bad hsef@ths which was most likely due to

shipping stress this most probably resulted inghdn sensitivity of the snails from the mixed

cohorts (see 3.3) in laboratory 1B, therefore,db&ined effect concentrations were excluded

from the calculation of the coefficients of varaati
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Figure 1: Total embryo numbers (mean = standardiatien (SD)) after 28 days exposure to measuredaad
concentrations in laboratories reporting valid tesults of validation | and Il (n = 4 replicates group).
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343 Table 5 Effect concentrations (NOEC, LOEC, BGind EG, with 95%-confidence intervals in brackets) for
344  total embryo number based on time weighted meamseafsured concentrations in pg Cd/L and correspgndi
345  coefficients of variation (CV%), excluding laboragd B.

Nominal Laboratories CV%
concentration
1A 1B 1C 1D 2A 2E 2F 2G 2H
NOEC 5.61 1.18 1.95 4.69 11.1 4.24 4.74 10.1 9.19 50.5
LOEC 10.9 2.54 5.62 9.45 20.8 9.03 10.6 15.9 18.9 42.2
ECy 4.52 0.689 3.46 4.49 7.19 6.10 7.74 10.3 8.47 355
(2.52-6.51) | (0.25-1.91) | (2.28-5.25)| (2.81-7.17) | (4.37-11.8) | (3.88-9.59) | (6.3-9.78) | (6.61-16.2) | (7.15-10.0)
ECs 11.3 4.59 114 13.2 18.5 135 13.1 194 12.8 21.8
(9.48-13.2) | (3.00-7.02) | (9.30-13.9) | (10.8-16.0) | (15.1-22.5) | (11.3-16.0) | (11.6-14.8) | (13.5-27.9) | (11.4-14.3)
346
347 3.5Effects of tributyltin on P. antipodarum

348 In the exposure groups of laboratories reportingdvast results with a maximum nominal
349 concentration of 400 ng TBT-Sn/L, snail mortalityasv<5%. Laboratory 2Ab tested a
350 maximum nominal concentration of 1000 ng TBT-SmL.this concentration, mortality was
351 significantly increased (87.5%, p<0.001).

352 Figure 2 shows the results of the validation steifiem the 7 laboratories reporting valid test
353 results. In every experiment a significant decrems¢he embryo numbers occurred in a
354 concentration-response manner. Obtained effecterrations EG, EGso, NOEC and LOEC
355 are summarised in Table 6. NOECs showed a 5.98ddfdrence between laboratories.
356 Calculated E¢values are similar and most of the 95%-confidentervals are overlapping.
357 EGCsp value fold difference was 1.79, with an inter-leddory coefficient of variation of

358 39.3%.
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Figure 2: Total embryo numbers (mean + standardatiem (SD)) after 28 days exposure to measured TBT
concentrations in laboratories reporting valid tesults of validation Il (n = 4 replicates per gpo8 for merged

controls)

Table 6 Effect concentrations (NOEC, LOEC, g&nd EG, with 95%-confidence intervals in brackets) for
total embryo number based on time weighted meansne&sured concentrations in ng TBT-Sn/L and

corresponding coefficients of variation (CV%).

Nominal Laboratories CV%
concentration
2Aa 2Ab 2E 2F 2G 2H 2l
NOEC 30.7 18.6 96.3 16.1 39.2 35.7 38.0 68.3
LOEC 56.1 27.8 198 41.8 41.4 949| 697 77.0
ECyo 45.0 12.7 89.1 22.4 36.8 36.5 6.62 76.9
(28.4-71.2) | (5.73-28.3) | (53.2-149) | (15.6-32.3) | (26.1-51.7) | (20.4-65.0) | (0.95-45.9)
ECso 153 124 188 37.9 88.8 137 159 39.3
(109-213) | (77-200) | (157-226) | (28.5-50.4) | (73.5-107) | (93.2-200) | (48.8-519)
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4 DISCUSSION

4.1 Reproducibility of test results among laboratorag®l comparison with literature
The proposed test protocols were successfully egpddy all participating laboratories. The
assessed effect concentrations are comparablenaaund adequate range of acceptance when
comparing with other validation studies for chrotests with invertebrates and dealing with
reproductive endpoints. For example, Taenzler e{28l07) and Tassou and Schulz (2009)
performed a small scale ring test with a total daldoratories for OECD guideline No. 233,
life-cycle toxicity test withChironomus ripariusFor pyriproxifen the NOECs varied between
4 ug/L and 20 pg/L (fold difference of 5), and tteefficient of variation was 58.5%, which
is documented in the validation report for thig @sideline (OECD, 2010b). In the ring test
for OECD guideline No. 225 (OECD, 2007), Sedimeratéy Lumbriculus Toxicity Test
Using Spiked Sediment, with 15 laboratories and théstance pentachlorophenol
coefficients of variation varied between 37.9% floe EGo and 68.6% for the LOEC. The
maximum inter-laboratory factor was 23.5 for theEH@ which is even higher compared to
the maximum inter-laboratory factor of 13.5 for tB€,, in the P. antipodarumstudies with
TBT reported in this study, which is notoriouslicky to work with.
In another ring test study with the molluskstagnalisDucrot et al. (2014) found coefficients
of variations of 29.5% and 71.5% for ECand EGp values, respectively, for 5 valid
laboratories looking at an endpoint of eggs peividdal-day and the heavy metal cadmium.
This is comparable with the variability of effectd in our study.
The higher variability of data in the TBT study mag due to the lower water solubility, the
higher adsorption potential and degradation of tést compound. As a consequence the
actual exposure concentrations will also vary amabgratories. Additionally, approximately
1000-fold lower test concentrations were testediclvlalso caused a higher experimental
error in the laboratories and measurements of carat@®ns were only conducted at two

renewal intervals. This would have caused high@egmental error in the calculation of the
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TWM for each laboratory. However, another point destrating the usability of the
reproduction test with. antipodarums that only 2 out of 18 tests failed to meet vh&dity
criteria. In laboratory 2K this was due to techhissues causing the mean temperature to
fluctuate outside the proposed validity criteriaitiof 16 + 1°C. In laboratory 2J the mortality
in the solvent control was 30% for unknown reasdie snails in the water control group in
this test were not negatively affected. The mearrgon numbers in water and solvent
controls only varied slightly between laboratoré®l were in a range of natural variability in

laboratory cultures (Geil} et al., 2016; Sieratovetal., 2011).

4.2 Cadmium

The non-essential trace metal cadmium is liste¢thbyUS Environmental Protection Agency
as one of 126 priority pollutants and has multipféects on the cellular level. It affects
proliferation, differentiation and causes apoptosislirectly it provokes the generation of
reactive oxygen species and DNA damage. (Bertin Aavnerbeck, 2006; Waisberg et al.,
2003). Due to its persistent nature and abilityabgumulate in organisms, cadmium is an
important stressor in the environment. The estichaféect concentrations in the studies with
cadmium are in the range of effect data of alrejulylished data withP. antipodarum In
similar reproduction tests, Sieratowicz et al. (P0and Ruppert et al. (2016) found £C
values of 1.30 pg/L and 9.73 pg/L andsg@alues of 11.5 pg/L and 11.3 pg/L, respectively.
Data obtained by Sieratowicz et al. (2011) wereetasn nominal concentrations. In
comparison to the standard test organiBmmagna P. antipodarumshows a similar
sensitivity. Borgmann et al. (1989) found a repwdke inhibition of about 82.1% at
7.78 pug/L forD. magna In comparison to a study with the gastropod nsbilspecies,
L. stagnalis(Ducrot et al., 2014)P. antipodarumdisplayed a higher sensitivity to cadmium.
These authors found that the mean&@as 94.5 pg/L, which is 6.7-fold higher compared t

the mean E of 14.2 pg/L in the present study. In the eaststerCrassostrea virginica
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cadmium exposure resulted in impaired oxygen upbakée gills and led to a reduction in
the aerobic scope. This may negatively affect ttgamism’s fithess and lower the energy
reserves which were potentially destined for eepraduction (lvanina et al., 2008).The
reason for the comparably high sensitivity of sshail laboratory 1B could be that the tested
snails were partially from the cohort sent with first batch, which showed a high post-
shipping mortality. Therefore, part of the testadis might have been in a poor condition for
unknown reasons resulting in lower effect conceioina. Because we cannot exclude such
confounding factors, like for example iliness, thatild have influenced the outcome of this

study, we excluded laboratory 1B from the overadlleation.

4.3 TBT

The effects of TBT orP. antipodarumreproduction occurred at very low concentrations
within the order of ng/L and are in accordance V&t and EG values of 37.8 ng TBT-
Sn/L and 115 ng TBT-Sn/L, respectively reported Dyft et al. (2007) for an 8-weeks
experiment. Considering that only two measurin@rvels were used to calculate the time
weighted mean measured concentration and subseeffiectt concentrations with a difficult-
to-handle substance like TBT, the results of thedstion studies showed a very good
accordance among participating laboratories. In loletsediment biotest with TBT
conducted by Duft et al. (2003). antipodarumexhibited a decline in embryo numbers
resulting in an Eg of 0.98 ug TBT-Sn/kg representing its high sewytiat environmentally
relevant concentrations. The higher or comparabtsiivity of P. antipodarumowards this
endocrine disrupting substance in comparison teratbandard test organisms could also be
demonstrated. In a study witld. magna and TBT-oxide, the detected LOEC was
1.8 ug TBTO/L € 716 ng TBT-Sn/L) and the NOEC was 1.0 ug TBTOA398 ng TBT-
Sn/L) (Mathijssen-Spiekmann, 1989). In experimetaducted by McAllister and Kime

(2003) with zebrafishO§anio rerio) 0.1 ng TBT/L and higher concentrations inducedale
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biased population producing a high incidence ofrsplacking flagella after a 70-days post-
hatch exposure. In other caenogastropod species i$BHAhown to induce imposex, an
imposition of male characteristics in females (Gidilloud et al., 2013). One of the most
sensitive mollusk species to TBT is the dogwhélkcella lapillus Female specimens show
an increase of imposex after 4 weeks at concentrmtoelow 5 ng TBT-Sn/L (Stroben et al.,
1992).The detailed biochemical mechanism of TBT causmgdsex in snails is still a matter
of debate (Oehlmann et al., 2007). One of thentas TBT inhibits the cytochrome P450-
dependent aromatase, which is responsible for dmversion of androgens to estrogens
(Bettin et al., 1996). A further possible mechanignthat TBT acts as an agonist of the
retinoid X receptor (Nishikawa et al., 2004). Ovkrna the chronic risk assessment of TBT
an assessment factor of 10 could be used due itoaa kdataset on effects of TBT on aquatic
organisms with effect data from at least 3 troplewels. The assessed results with
P. antipodarumexposed to TBT (lowest NOEC: 16.1 ng TBT-Sn/L) Vdbhave led to a
Predicted No Effect Concentration (PNEC) of 1.6T&Y-Sn. Although the resulting PNEC
would still not be protective for marine mollusktsunderlines the specific sensitivity of this
phylum of invertebrates to this chemical. This destmates the advantagesRofantipodarum

as a potential test species for freshwater inveatelrisk assessment.

4.4 Resource and expertise requirements

The similar results between the laboratories is ting test study demonstrate the ability of
all participating persons to perform the reproduttiests withP. antipodarunregardless of
their previous expertise with this species. Theftdtast guideline circulated to the
participating laboratories, offered precise guidarior performing the test including the
evaluation of the reproductive performance of thails, with detailed instructions on shell
removal, brood pouch opening and counting of emdrffor culturing and testing the snails,

no unusual or hard to obtain equipment is needednaimimal space is required. A 15L
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aquarium can be used to culture up to 1500 sn&lerdtowicz et al., 2013). For a
reproduction test with five test concentrationsaothemical, including water control and
solvent control, 28 beakers are used, which ontuires an area of around E.nirhe

performance of the static test is comparativelypdemand inexpensive to perform. A total of
280 animals are needed by using the test desigpoped in this study. The water
consumption amounts to only 170 L, if three watenewals per week are performed in
500 mL beakers. Test preparation and implementaé&quire 4-6 hours of manpower and for
three water renewals per week during the test padnce (including the measurement of
physico-chemical parameters), the work input am®tmt8-10 hours per week. For the final
evaluation of the reproductive performance usingi@ocular microscope the required

manpower is, depending on the number of embry&@haurs.

4.5 Ecological relevance and further scope of aggilon

Because mollusks are second to the arthropodsaswértebrate group with the most species
(>130,000), chronic toxicity tests with mollusks ynhe more amenable to ecological
extrapolation than tests with representatives dllentaxonomic groups (Matthiessen, 2008).
Of this species-rich phylum, the known gastropoelcggs contribute ca. 85% of all mollusks
(Gruner, 1993) and play important ecological rolesvarious ecosystems contributing
significantly to the biomass (Oehlmann et al., 200he sensitivity of many mollusk species
towards pollutants is also due to their limitedligbito eliminate toxicants via excretory
organs in comparison to other invertebrate growe®,(1985; Legierse et al., 1998). The
assessed results in this study demonstrate theemisbity of the test organism
P. antipodarumto the tested reference substances. The decréasaboyo numbers in the
snail caused by chemicals can affect population eachmunity levels in its natural
environment. Apart from the fact thBt antipodarums an invasive species in other parts of

the world, in New ZealanB. antipodarunplays an important role as a grazing invertebrate
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the maintenance of littoral freshwater communitl®s grooming macrophyte hosts of
periphytic algae and removing settled sedimenhdteases the resistance of macrophytes to
sedimentation and affects the algal compositioomiaiss, and production (Bennett et al.,
2015; Gust et al.,, 2011a; James et al., 2000)s & icommon species in many different
environments. As an inhabitant of freshwater emmments it lives in the upper layers of
aguatic sediments of streams, lakes and estudegdrbourn, 1970). In the past years its
sensitivity towards pollutants and endocrine disngochemicals has been demonstrated both
in the laboratory and in the field (Geil3 et al.1@0Giudice and Young, 2010; Gust et al.,
2011a; Ruppert et al., 2016; Schmitt et al., 208i@yatowicz et al., 2011). In an overview
portrait, Duft et al. (2007) compared three prosaobh snail speciedarisa cornuarietis
Nassarius reticulatusnd P. antipodarumwith regard to their (1) sensitivity towards &bt
model compounds at environmentally relevant comaéons in laboratory tests and also
towards field sediment samples, (2) their “usesrfdliness”, (3) the possibility of culturing
the snails in the laboratory and (4) their fieldsapplication (e.g. estuarine and freshwater,
sediment)P. antipodarunhas been proposed as a suitable model organismepresentative

of the molluskan species for chemical risk assess(rift et al., 2007; Matthiessen, 2008).
The application possibilities dP. antipodarumin toxicity tests are diverse. In addition to
exposure via water the testing of substances \damgmts is also possible. It has also been
used in several effect monitoring studies (Duftlet 2007; Giebner et al., 2016; Gust et al.,
2011a) demonstrating its assets as a test orgamsnibroad scope of application for toxicity
testing. Furthermore, it is possible to study adddél endpoints withP. antipodarumlike
velocity, space utilization or time to reach food t start normal movement after
manipulation when exposed to a toxicant (Alonso @adhargo, 2004; Alonso and Camargo,
2012; Alonso et al., 2016). Alonso et al. (2016yaleped a video-based behavioral bioassay
with pulse exposures of acetone. These endpoints aleo very sensitive and ecologically

relevant as an indicator of the state of animaleBs and a good link between physiological
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and ecological effects. For the proposed test desigthe reproduction test it is indeed
necessary to observe especially abnormal behakealoidance of water, avoidance of food
or lethargy. But the guideline recommends onlycale observations (at least three times per
week) because it is quite difficult to systematicalbserve the animals in the reproduction
test without removing and hence, additionally disitng them. This could have additional

effects on the reproduction of the snails (Sieratawet al., 2013).

4.6 Outlook

After the successful completion of these firstdalion studies reported here, two further ring
tests with the substances prochloraz, trenbolat@ogan and triclocarban were performed
(Geil3 et al., 2017). Here, the test design wasithyigamended (six replicates with six snails
per replicate) to improve the statistical powertltsd reproduction test. The used test design
with 4 replicates and 10 snails per replicate wagrally designed for an evaluation with the
weighted mean embryo number per treatment groups @Valuation is based on common
error propagation rules and considers the tankegxperimental unit, but takes into account
the within-tank i(e. individual animal) variability (OECD, 2010a). Todapt the draft
technical guideline to the standards of OECD gunésl, the evaluation method was changed
and a further validity criterion was added: the meabryo number per snail in the controls
should be> 5. This criterion was also fulfilled in all repraction tests presented in this study.
The draft test guideline of the reproduction teghw. antipodarumhas been acknowledged
by the experts of the “validation management gromecotoxicity testing” (VMG-Eco) of the
OECD and the OECad hoc Expert Group on Invertebrate testing who suppottesl
submission of the draft test guideline. After acassful second international commenting
round by OECD member states the guideline was apprbby the Working Group of the
National Coordinators for the Test guidelines Paogme (WNT) and became effective as

OECD Guideline for the Testing of Chemicals, Sec2o No. 242.
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4 CONCLUSIONS

As a common species in many different environm@uaamopyrgus antipodaruimas been
subject in several studies and demonstrated itsitBety towards pollutants, including
endocrine disrupting chemicals. As a representaifibe very diverse group of mollusks it
has been proposed as a suitable model organisnthéoichemical risk assessment. The
presented test design wikh antipodarumwas implemented by all participating laboratories
resulting in comparable concentration-responseacharistics and effect concentrations. The
robustness and the intra- as well as inter-laboyatproducibility of the reproduction test has
been proven, with most of the laboratories findiognparable NOEC, LOEC, Egand EGp
values with overlapping 95%-confidence intervalstfee latter. The outcome of this ring test
is in an adequate range of acceptance when comgpaiith other validation studies for
chronic tests. The results obtained in the testh wie difficult to handle chemical TBT
demonstrate the sensitivity Bf antipodarumn comparison to other standard test organisms
and shows that the presented reproduction test Rvimtipodarumis a well suited tool for
assessing reproductive effects of chemicals. Aaldlitily, its broad scope of application for
toxicity testing and monitoring studies offers niple possibilities for the risk assessment of
chemicals. Several additional endpoints allown& jphysiological and ecological processes.
Therefore, the obtained results will contributehe further development of test methods and
evaluation concepts for the regulation of repratoxhemicals in REACh, as well as

pesticides, biocides and pharmaceuticals.
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Highlights:
* A new OECD reproductive toxicity test guideline with the New Zealand mudsnail
Potamopyrgus anti podarum has been developed
» Adraft test protocol was used to assess effects of cadmiumand TBT in 11 laboratories
in a validation study
»  Effect values were reproducible and consistent with literature data
»  Successful validation of the protocol was acknowledged by OECD by final acceptance

of the test guidelinein 2016



