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microparticles on marine filter feeders, the present work, deploying the 
Mediterranean mussel as model, comprises three interlinked aims: i) estimating 
plastic microparticle clearance rate through filter-feeding; ii) tracing the presence of 
microparticles in organisms, and iii) determining effects of particle ingestion. 
Mussels were exposed to two polystyrene microparticles with different sizes (6 um 
and 10 um), single and combined, at an environmentally-relevant concentration 
(1000 part.ml-1), in a series of short and mid-term bioassays. The biological effects 
of exposure were chiefly determined histopathologically. The findings indicate that 
the animals are able to rapidly remove both particles from the water column. 
Interestingly, the larger particles could be found in digestive tract just after 5 min of 
exposure, whereas the smaller particles required about 15 min. In either case, and in 
the mixed exposure, particles were only found in the lumen of gut (and faeces) and 
not in gills or the digestive gland. No traces of microplastics were found in the 
remaining visceral mass. Regardless of particle, singly or combined, no severe 
internal lesions were found, including abrasion of digestive epithelia, even after 21 
days. However, focal haematocytic infiltration was observed in the same epithelia, 
without clear time-responsiveness. The results indicate that the animals are indeed 
able to rapidly remove the particles from the water column and transfer them into 
the digestive tract. Here, they accumulate and eventually generate moderate 
inflammatory-like responses, at least during the time of the bioassays and under 
ecologically-relevant concentrations of microplastics. In spite of the reduced 
internal damage, the fact that the animals are able to swiftly translocate plastic 
particles to the gut reveals that filter feeding organisms are indeed a target of 
concern. Altogether, the study raises further concerns on microplastic risk, with 
particular respect to realistically long exposures to micromaterials that even such 
specialised filter-feeders as bivalve molluscs are unable to discriminate. 
 
498 
Tissue alteration in blue mussels (Mytilus galloprovincialis) caused by the 
ingestion of polyethylene microplastic particles from toothpaste 
I. Nerland, Norwegian Institute for Water Research NIVA; M. Blazquez, CSIC  
Spanish National Research Council / Marine Renewable Resources; S. Brooks, 
NIVA / Ecotoxicology and Risk Assessment; K.V. Thomas, Norwegian Institute 
for Water Research NIVA 
Polyethylene (PE) microplastic particles (< 5 mm) found in certain consumer 
products, such as toothpaste, find their way into the marine environment via 
effluents from wastewater treatment works. There is serious concern that these 
particles may harm marine organisms, particularly filter feeders such as bivalves. In 
order to evaluate the effects of such particles on bivalves, blue mussels (Mytilus 
gallloprovincialis) were exposed over 21 days to PE particles (10 mg/L; 50-570 
µm) isolated from toothpaste. Both virgin and weathered PE particles (deployed in 
the Outer Oslofjord for 3 weeks) were used to best mimic environmentally realistic 
exposure scenarios in marine waters. The mussels ingested both virgin and 
weathered particles, but 26% more of the weathered particles. Particles < 383 µM in 
size were ingested. To our knowledge, this is the first study that identifies the 
ingestion of primary microplastic from consumer products in bivalves. PE particle 
ingestion resulted in structural changes to the gills and digestive gland and necrosis 
in other tissues such as the mantel. 
 
499 
Gene expression in liver of European sea bass Dicentrarchus labrax 
experimentally exposed to PVC microplastics 
C. Panti, University of Siena / Department of Physical Earth and Environmental 
Sciences; E. de Rysky, University of Siena / Department of Environmental, Earth 
and Physical Sciences; C. Pedà, ISPRA; G. Maricchiolo, IAMC, Institute for 
Coastal Marine Environment; L. Genovese, IAMC, Institute for Coastal Marine 
Environment CNR U.O.S. Messina; F. Gai, Institute of Science of Food Production, 
CNR; T. Romeo, ISPRA-Institute for Environmental Protection and Research / 
Laboratory of Milazzo; M. Fossi, University of Siena / Department of Environment 
Earth and Physical Sciences 
Plastic debris, in particular microplastics (MPs; < 1 mm), can potentially affect a 
wide range of marine organisms. The effects on fish species, in particular species 
for human consumption, are still under debate. Few species have shown 
toxicological or physical impact, such as liver toxicity caused by the ingestion of 
virgin and/or contaminated MPs or the alteration of intestinal tissues. The European 
seabass (Dicentrarchus labrax) is one of the most consumed fish species in Europe 
and it is potentially exposed to the ingestion of MPs both in its natural habitat and in 
the aquaculture plants. We measured, by quantitative Real-Time PCR, the variation 
of four different early warning signals in the liver of the European sea bass exposed 
for 90 days to virgin (MPV) and marine polluted PVC (MPI) MPs supplemented 
with food. The selected genes are: the TNF receptor associated factor 3 (TRAF3), 
related to the activation of the immune and tumor-associated responses; the 
Peroxisome Proliferators Activator Receptors alpha and gamma (PPARα/γ), which 
mediate the responses to several chemicals including plasticizers; the Estrogen 
Receptor alpha (ERα), a nuclear receptor involved in the activation of transcription 
of estrogen-related molecular pathways, included xenoestrogens. The mRNA levels 
were quantified on 42 fish sampled at time 0, after 30, 60 and 90 days of exposure to 
the two treatments (MPV and MPI) plus control (CTRL). The expression of TRAF3 
appears to be down-regulated with increasing time of exposure. The ERα mRNA 
levels are higher in the control of each treatment in comparison to MPI and MPV 

for all the exposures, suggesting an upregulation of the gene related to 
contaminated food pellets. On the contrary, the PPARα gene expression increases 
over the time from 60 to 90 days of exposure. The PPARγ does not show a temporal 
trend, but seems to be mostly affected by the MPV exposure, suggesting an effect 
due to leaching of plastic additives from PVC. The present study represents one of 
the first investigation on the effects of the exposure to virgin and marine polluted 
PVC MPs on an edible species, the European seabass. These results represent an 
early warning signal on the chemical and physical hepatic stress on this species. 
Further investigations are needed to better understand the role of the partitioning of 
chemicals from and to MPs, the physical effects of MP ingestion and the related 
effects on fish and, potentially, on human health.  
 
Increasing the relevance of toxicity assessment in LCA:  in 
the need for a cross fertilization between RA and LCA (I) 
 
500 
Un-characterized elementary flows: to which extent is the quantification of the 
toxicity impact categories in LCA complete? 
E. Saouter, EU Commission JRC / Sustainable Assessment UNit; V. Castellani, L. 
Zampori, European. Commission - Joint Research Centre / Directorate D  
Sustainable Resources Bioeconomy Unit; S. Sala, European Commission - Joint 
Research Centre / Bioeconomy unit 
The total number of elementary flows contributing to aquatic freshwater and human 
toxicity are in a range of 1500 to 2000, but the most common methods used for 
impact assessment associate a characterisation factor (CF) only a to small portion of 
them. This means that only a small fraction of the substances in the inventory, and 
usually a small mass, contributes to the overall impact score. A deep analysis of the 
life cycle inventory of 17 food products, taken as a case study, showed that the 
proportion of un-characterized flow can be very important: 55% of ELFLs. to air 
compartment (66% as mass), 32% of ELFLs. to soil (12% as mass) and 83% of 
ELFLs to water (24% as mass). This high number of un-characterized flows may 
lead to high underestimation of the toxicity impact categories and wrong 
identification of the hotspots. A check of the inventoried elementary flows that are 
not characterized at the LCIA phase should always be done to support interpretation 
of results. Indeed, the characterisation of the inventory into potential environmental 
impacts may not occur if some of the elementary flows are not covered by the 
chosen characterization models. Toxicity impact categories in LCA and in the 
Product Environmental Footprint (PEF) are often the dominating impact (after 
normalization) and metals are often identified as the most contributing elementary 
flows (ELFLs). 
 
501 
Getting the chemicals right: Gaps and opportunities in addressing inorganics 
in life cycle assessment 
N. Müller, P. Fantke, Technical University of Denmark / Quantitative 
Sustainability Assessment Division 
Life cycle assessment (LCA) is used to compare products and product systems in 
terms of their environmental sustainability and for that LCA needs to include all 
potential impacts on humans and the environment. Currently, quantifying the 
toxicity potential of several thousand organic substances and certain cationic metals 
is included in existing characterization models within life cycle impact assessment 
(LCIA). However, a variety of additional inorganic substances used e.g. in the 
textile, personal care, and building and construction industry are included neither in 
current life cycle inventory databases, nor current LCIA methods. Without the 
integration of the various economically relevant and potentially human toxic and/or 
ecotoxic inorganic substances such as inorganic salts, acids, bases and elements, 
however, no satisfying conclusions regarding the environmental sustainability of 
any technology containing any of these substances can be drawn. We provide an 
overview of different substance groups already incorporated in LCIA toxicity 
characterization modeling, the economic and environmental relevance of inorganic 
chemicals, and an outline of possible ways towards incorporating inorganic 
chemicals in LCIA toxicity characterization. The analysis of existing LCIA 
approaches of specific organic and inorganic chemical groups including PFASs, 
nanoparticles, salts causing salinization, and common ionic liquids show that the 
fate, exposure and effect modeling have to be adapted at various levels for the 
characterization of inorganic substances other than cationic metals. Differences in 
physicochemical properties and environmental fate and transformation processes of 
these specific substance groups compared to inorganic substance groups show that 
the existing LCIA model USEtox cannot be applied to inorganic substances without 
further modification towards including specific reaction- and process-kinetics. 
Possibly relevant chemical reaction pathways will be outlined as a necessary step 
toward improving the environmental fate and (human and ecosystem) exposure 
assessment of various inorganic substances. Also, we present an overview of the 
availability of ecotoxicity and human toxicity effect data for elements and inorganic 
compounds in state-of-the-art databases. An overview of how conventional toxicity 
effect data can be adapted and used for estimating toxicity-related effects of 
inorganic substances on humans and ecosystems will be provided. 
 
502 
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A trophic chain-based approach for ranking chemicals in LCA 
E. Crenna, European Commission - Joint Research Centre / Directorate D - 
Sustainable resources, Bioeconomy Unit; E. Saouter, EU Commission JRC / 
Sustainable Assessment UNit; S. Sala, European Commission - Joint Research 
Centre / Bioeconomy unit 
The intensive use of chemicals in agricultural and industrial systems may lead to 
potential negative effects on natural ecosystem and biodiversity. Increasingly, there 
is the need of orienting research efforts towards the improvement of the existing 
models and indicators for assessing chemical impacts along the supply chains, e.g. 
in the context of life cycle assessment (LCA) as well as for ecological risk 
assessment (ERA). As a result, prioritizing chemical substances according to their 
ecological relevance is becoming a major challenge for better characterising 
impacts of chemical emissions on ecosystems. In the present study we explore 
options for characterising chemicals, calculating effect factors (EFs) for species 
representing different components of an aquatic trophic chain. Those effect factors 
could be, then, applied in models, such as USEtox, for ranking chemicals. The study 
aims at presenting the methodology and discusing the potential added value of 
using few species. Current results are to be considered for illustrative pourpose 
only. 
 
503 
Accounting for metal speciation in terrestrial ecotoxicity: a compromise 
between coherence across metals and validation data availability 
G. Plouffe, CIRAIG - Polytechnique Montreal; C. Bulle, CIRAIG - ESG - UQAM / 
Strategy & corporate social responsibility; L. Deschênes, CIRAIG  Polytechnique 
Montreal / CIRAIG Department of Chemical Engineering 
Metals often dominate terrestrial ecotoxicity impacts in LCA because models 
developed for organic compounds are directly applied to metals, raising a LCA 
credibility issue. In line with the Clearwater Consensus and freshwater ecotoxicity 
latest advances, new terrestrial ecotoxicity characterization factors (CFs) that 
include metal speciation were calculated and validated with field data for Zn using 
speciation model WHAM. New CFs were tested in a case study (production and use 
of 1 kWh in the Quebec region) and helped reduce the global terrestrial ecotoxicity 
impact score by around 25%. Considering that 75% of this score is related to metal 
emissions in soil, including speciation of other metals could modify considerably 
LCA results. The goal of this project is to determine the generalization potential of 
this method to other metals. New CFs include a fate factor calculated using USEtox 
with soil specific kd values, a BF defined as the ratio of the soluble metal 
concentration on the total metal concentration in soil and an effect factor obtained 
with the assessment of the mean impact (AMI) method and available terrestrial 
ecotoxicity data. Soluble metal concentration and kd values are calculated with 
speciation model WHAM 7.0 and with soil data from the Harmonized World Soil 
Database 1.21. For WHAM 7.0 validation, a literature review is undertaken to 
gather field data for metals listed in IMPACT2002 and/or USEtox. For each field 
soil sample, two BFs (BFexp based on field data and BFWHAM based on modeling) are 
calculated and compared (value-to-value and ranking). A difference of 2 orders of 
magnitude (the acceptable level of uncertainty for organic chemicals in LCA) 
between the 2 BFs is considered satisfactorily. The literature review allowed 
gathering small (20-53 samples) but varied field soil datasets for copper (Cu), 
nickel (Ni), cadmium(Cd), lead and silver and smaller sets (6-8) for manganese and 
cobalt , many of which are among the greatest contributors to terrestrial ecotoxicity 
in the kwh-case study. Results indicate so far that the 2 orders of magnitude 
criterion is validated for Zn, Cu, Ni and Cd. The spread of calculated world soil BFs 
for the various metals (4-5 orders of magnitude) highlight the need to regionalize 
metal terrestrial ecotoxicity CFs. WHAM seems a promising avenue to estimate 
speciation in this context. This approach should be considered for generalization in 
LCA but with care, as it can only be validated so far for 7 metals. 
 
504 
Rooting LCA methods in experts' knowledge: Human cost of pesticides caused 
by agricultural practices 
S. Di Cesare, Università degli Studi G. dAnnunzio / Department of Economic 
Studies; C. Macombe, Irstea / UMR ITAP  ELSA; L. Petti, University of 
Chieti-Pescara / Department of Economic Studies; D. Loeillet, CIRAD / UPR 
GECO 
Ecosystems and people are exposed every day to multiple chemical stressors via 
multiple pathways and routes due to economic and population growth. HERA and 
ELCA face many issues to account for the effects of all kinds of chemicals. The 
authors are developing a method to examine the comparative effects of different 
agricultural production systems on operators health because of pesticide handling. 
The objective is to enable the assessment of a comprehensive set of information for 
decision support purposes, taking into account the actual (good and bad) work 
practices. In order to build a method able to discriminate between several 
production systems regarding their impacts on operators health, we followed four 
steps: seeking help of experts; constructing knowledge trees; developing decision 
trees; calculating the human cost of pesticides for operators at different scales, and 
regarding one given farming system. The first phase was implemented through a 
Delphi expert consensus method eliciting ideas from agronomists, economists and 
exposure assessment specialists, in order to map the different “banana workflows” 
and the origins of good and bad practices. We suggest estimating the pesticide 

human cost for the “average operator” by adding the pesticide human costs of the 
actions in which he/she is involved. The pesticide human cost of one action is 
directly proportional to: the number of operators carrying out the action; the number 
of occurrence of the action; the degree of exposure of the “average operator”; the 
toxicity of the pesticide at stake (through the AOEL). Interpretation of the results of 
pesticide human cost calculations should be done only by comparing two or more 
production systems involving the same temporal and spatial scales. Indeed, the 
result of one given calculation in the absolute is meaningless. Currently, this 
method has been developed for banana production systems only, but its principles 
are suitable also to other crops. Meanwhile, we are developing knowledge trees for 
other agricultural workers than operators. We suggest that it is possible to root LCA 
methods in experts’ knowledge, at least for target classes of chemicals, and for 
target specific populations. 
 
Development and validation of standardised methods and 
their use in regulatory frameworks 
 
505 
Systematic reviews - the missing link between the advancements of science and 
confident evaluation of environmental effects of chemicals 
K. Tsaioun, Johns Hopkins Bloomberg School of Public Health / Evidence-based 
Toxicology Collaboration; F. Busquet, CAAT Europe; S. Hoffmann, M. Stephens, 
Johns Hopkins Bloomberg School of Public Health / Evidence-based Toxicology 
Collaboration; T. Hartung, Johns Hopkins Bloomberg School of Public Health / 
Center for Alternatives to Animal Testing CAAT 
Alternative approaches to use of the vertebrate animals in ecotoxicology are needed 
to support environmental hazard and risk assessments of chemicals under the 
ethical, legal, financial and public pressure in Europe. On the positive side, major 
advancements in our understanding of mechanisms of toxicity of different species 
have resulted in a great number of technologies that can now directly measure the 
biological events underlying (eco)toxicity. However, less progress has been made 
in agreement and standardization of these new tests, and their acceptance by the 
international regulatory authorities, without which the transition from the vertebrate 
animal-based tests to alternative models will be slow. There exists a disconnect 
between the advancements in the toxicological test methods and the 
decision-making in the regulatory arena. This missing link is Evidence-Based (EB) 
methodologies and specifically their principal tool, a systematic review (SR). SR 
methodologies have been developed in medicine and have led to vast improvements 
in the quality, transparency and consistency of clinical trials over the last few 
decades. EB methodologies are set out to assemble, assess, integrate, analyze and 
summarize the published literature in a transparent, objective, and consistent 
manner. This approach holds great promise for comparison of different test 
methods, as well as for chemicals risk assessment performed using these tests, and 
to become a standard that informs confident regulatory decisions. The theory and 
principles of evidence-based methodologies will be described and an example of 
the application of this approach as a systematic review of zebrafish embryotoxicity 
test method will be presented. 
 
506 
Species Sensitivity Distributions with Censored Values 
J.W. Green, DuPont / Dynamic Simulation, Control, and Optimization 
Species Sensitivity Distributions (SSDs) are increasingly requested by regulatory 
authorities, especially in the EU, as part of product registration submissions. There 
is some inconsistency among country regulators and EFSA guidance as to 
requirements and acceptable methods of fitting and interpreting SSDs. The primary 
issue to be discussed the handling of censored values (e.g., EC50>100 ppm). It has 
become common in some EU registrations to reject species data for SSD purposes if 
the data do not conform to the log-normal distribution. There is no scientific basis 
for this requirement and its use does not serve regulatory conservatism. Indeed, 
exclusion or improper treatment of censored values tends to increase HC5 
estimates. Another issue is forcing all data to fit a single distribution, such as 
log-normal. It is shown that this too can produce significant bias. The treatment of 
censored data in SSD fitting has not received as much attention as it deserves, given 
that right-censored data is common in toxicity studies and occasionally, 
left-censored values are found. The later are common in monitoring data, but not 
common in toxicity studies. Some recent regulatory guidance suggests discarding 
censored values in fitting an SSD. (e.g., EFSA 2014; EFSA 2015; Schmitz et al. 
2015) or using them only under strict conditions (EFSAS 2013). There is no 
scientific basis for avoiding censored values or for treating them as uncensored. 
There have long been known mathematically correct ways to include censored 
values in fitting a distribution. Ignoring censored values means the distribution 
being analyzed is truncated and there are well known differences between truncated 
log-normal and log-normal distributions. The bias introduced by eliminating 
censored values will be demonstrated, both through datasets used in product 
registrations, computer simulations, and mathematics. A well-known 
mathematically correct approach to including censored values will be described. 
Force fitting a standard distribution or rejecting data that do not conform to this 
distribution, and exclusion or improper treatment of censored data will bias the 
HC5 and HC5LB estimates. Mathematically sound and tractable methods for 
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