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Environmental Research Institute; Q. de Hults, BASF Belgium Coordination 
Center Comm V; P. Saling, BASF SE / Sustainability Strategy; P. Coërs, E. van 
Miert, Solvay SA; A. Wathelet, Solvay SA / LCA; T. Tiemersma, X. Weinbeck, 
DSM Engineering Plastics; M. Glöckner, Deutsche Bauchemie; N. Amann, Wacker 
Chemie; P. Ashford, R. Downes, Anthesis Group; D. Koelsch, Bayer Technology 
Services GmbH; N. von der Assen, Bayer Ag; C. Karafilidis, Covestro Deutschland 
AG 
Increasingly, various stakeholders require information on eco/toxicity aspects of 
products beyond regulatory requirements for chemicals, e.g. in the framework of 
Life Cycle Assessment (“LCA”). The method developed (here referred to as 
“ProScale”) aims to be a science-based, transparent, pragmatic and generally 
applicable methodology for a toxicological assessment of products. It is a 
development of initial ideas of an approach for merging applicable information 
from REACH with LCA. The ProScale method has been developed in an industrial 
consortium with expertise both from the Life cycle assessment and Risk assessment 
areas. Prerequisites for the method have been to: (i) assess the relevant direct 
exposure potential along the whole life cycle; (ii) use existing data, e.g. REACH 
based; (iii) allow comparison in relation to technical performance; and (iv) be 
relevant for business-to-business and business-to-customer communication. The 
ProScale method estimates a score for a specific instance of exposure for each 
substance for a given process and exposure route expreed in an Exposure Factor 
(EF). The EF is modelled based on the ECETOC Targeted Risk Assessment Tier 1 
approach for both worker and consumer exposure. This is combined with its 
corresponding hazard for the substance considered expressed in a ProScale Hazard 
Factor (HF). The HF reflects the health hazard effect severity and potency based on 
Hazard statement Code(s) (H-phrases) and Occupational Exposure Limits (OEL). 
Then it relates this score to the amount of different substances in relation to the 
defined unit process at hand. Subsequently, the method accounts for the amount of 
each unit process necessary for the fulfilment of the functional unit as defined by 
the product system/flow chart. This is done for all included exposure instances, so 
that eventually a large number of ProScale scores for all included exposure 
instances are making up the ProScale toxicity impact potential for the overall 
product system of the studied product (PSP = ProScale of Product). A product can 
in this context also mean a service provided by the system. The smethod structure 
allows for comaprisons based on the same function as for other LC indicators. 
Currently the basic structure is in place, and case studies are carried out and under 
way to demonstrate the applicability of the method. 
 
557 
Learnings from LCA-based methods: should chemicals in food packaging be a 
priority focus to protect human health? 
A. Ernstoff, Quantis / Quantitative Sustainability Assessment; K. Stylianou, 
University of Michigan - School of Public Health / Environmental Health Sciences; 
P. Fantke, Technical University of Denmark / Quantitative Sustainability 
Assessment Division; A. Dauriat, Quantis; A. Kounina, Quantis / EPFL; O. Jolliet, 
University of Michigan 
Given the scale and variety of human health damage (HHD) caused by food 
systems, prioritization methods are urgently needed. In this study HHD is estimated 
for case studies on red meat and sugary sweetened beverages (SSB) packaged in 
high-impact polystyrene (HIPS) due to various relevant health impacts. 
Specifically, we aim to asses if chemicals in food packaging are important to HHD 
in a life cycle context. The functional unit is "daily consumption of a packaged food 
per person in the United States." Method developments focus on human toxicity 
characterization of chemicals migrating from packaging into food. Chemicals and 
their concentrations in HIPS were identified from regulatory lists. A new 
high-throughput model estimated migration into food, depending on properties of 
chemicals, packaging, food, and scenario, and HHD was extrapolated following 
LCA characterization methods. An LCA-based study on the packaged foods 
estimated HHD from particulate matter and chemical emissions. Finally, the HHD 
of consumption of red meat and SSB above the minimum risk level was estimated 
using novel methods by Stylianou et al. 2016 based on the Global Burden of 
Disease studies. Results indicate that impacts caused by consumption of food items 
over minimum risk are high priority for mitigating HHD, as well as associated 
PM2.5 emissions from agriculture. Impacts due to the chemicals migrating from 
HIPS into food were minor given the study’s assumptions, limitations, and 
methods. However, calculating the HHD for migration levels at the legally 
allowable limits resulted in impacts three orders of magnitude greater than impacts 
from the assumed chemical concentrations, and thus a relevant contributor to HHD. 
Future work is required to quantify realistic exposure to chemicals in packaging and 
their potential effects in order to elucidate significance in a life cycle context. 
Understanding toxicity risks posed by simultaneous exposure to several chemicals 
at one time, all of which are below safety thresholds, requires cross-fertilization 
with risk and toxicity research. Lastly, the methods developed are a first step 
towards operationalizing LCA for practitioners to ensure that minimizing impacts 
on the environment and resources due to food packaging design choices do not lead 
to unintended health risks caused by chemicals in packaging, and vice versa that 
minimizing exposure to hazardous chemicals do not increase environmental 
damages. 
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Modeling indoor occupational air emissions of nanomaterials for life-cycle 
assessment 
M. Tsang, US EPA / ASPH Fellow / ISM CyVi; D. Li, K. Garner, University of 
California, Santa Barbara / Bren School of Environmental Science and 
Management; A.A. Keller, University of California Santa Barbara; S. Suh, 
University of California Santa Barbara / Bren School of Environmental Science and 
Management; G. Sonnemann, University of Bordeaux / ISM CyVi 
Engineered nanomaterials (ENM) provide industrial and commercial benefits 
across many sectors but they also raise concerns over their potential environmental 
and human health hazards. While the technologies that utilize ENM can be 
evaluated by life-cycle assessment (LCA) to determine their potential resource 
efficiencies, existing methodologies do not allow for the evaluation of the 
environmental and human health hazards posed by the emission of individual ENM. 
Across the life-cycle of nanotechnologies, occupational settings present scenarios 
where production of pristine particles with small size distributions and thus 
exposure may occur. Neglecting such occupational, indoor ENM emissions in a 
LCA may result in burden shifting from the environment to workers. Currently 
existing life-cycle impact assessment methods take advantage of several 
assumptions that conveniently describe the fate and transport of small organic 
molecules and metals quite well, but these methods are not appropriate for ENM. In 
this paper, a two-zone, dynamic fate and transport model is presented for use with 
indoor, occupational ENM airborne emissions. The fate and transport model is 
linked to a physiologically-based pharmacokinetic (PBPK) inhalation exposure 
model that considers the deposition, removal and retention of particles in the lung 
over time. During emission events, the fate and transport of titanium dioxide 
nanoparticles resulted in a distinct near-field concentration that was generally twice 
the concentration of the far-field. During times without ongoing emissions, the 
near- and far-field concentrations were equal and decreased in-step (i.e. effectively 
becoming a one-box model when there were no ongoing emissions). Results of a 
steady-state model show that near-field concentrations were underestimated by 
roughly 90% of the maximum concentrations calculated using the dynamic model 
in this abstract. Inhalation exposure and final retention of particles in the lung was 
significantly influenced by the magnitude of the airborne concentration. As 
airborne concentrations rose significantly, phagocitizing cells in the air-exchange 
and interstitial regions became saturated. The results of the fate and exposure model 
were compared with a number of emission scenarios ranging from low to medium 
to high emission events. A notable finding was that the retained-intake fraction was 
inversely related to the emission magnitudes, which is counter-intuitive to 
conventional thinking in LCA. 
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Towards a Life Cycle Based Chemical Alternative Assessment (LCAA) 
O. Jolliet, University of Michigan; L. Huang, University of Michigan / Dept of 
Environmental Health Sciences; M. Overcash, Wichita State University / Industrial, 
Systems, and Manufacturing Engineering Department; P. Fantke, Technical 
University of Denmark / Quantitative Sustainability Assessment Division 
There is a need for an operational quantitative screening-level assessment of 
alternatives, that is life-cycle based and able to serve both Life cycle Assessment 
(LCA and chemical alternatives assessment (CAA). This presentation therefore 
aims to develop and illustrate a new approach called “Life Cycle Based Chemical 
Alternative Assessment (LCAA)” that will quantify exposure and life cycle impacts 
consistently and efficiently over the main life cycle stages. The new LCAA 
approach is illustrated though a proof-of-concept case study of alternative 
plasticizers in vinyl flooring. The proposed LCAA approach combines the 
following elements: a) The manufacturing phase chemical inventory is based on the 
environmental genome of industrial products database, ensuring mass and energy 
balance, b) near-field exposure to consumer products during the use phase is 
determined based on the mass of chemical ingredient in the product, first-order 
inter-compartmental transfer fractions and a matrix approach to determine Product 
Intake Fractions, and c) toxicity-related outcomes are compared with other life 
cycle impacts to evaluate the relevance of different impact categories for different 
consumer product classes. The retained case study is a comparison of two 
alternative plasticizers (DEHP-diethylhexyl phthalate vs. DIHP-Diisoheptyl 
phthalate) in vynil flooring. First order release rates of DEHP and DIHP from 
flooring material to indoor air are restricted, with over the first three years a 
maximum of 0.4% of the SVOC initial content in flooring emitted for DEHP and 
1,9% for DIHP. For climate change, there is little difference between the two 
plasticizers, whereas compared to DEHP, DIHP impacts are reduced by a factor 10 
for human health and a factor 3 for ecotoxicity. This proof of concept case study 
demonstrates the feasibility of combining chemical specific Life Cycle Inventory 
from manufacturing database with near-field exposure assessment during product 
use and to compare the interest of various chemical alternatives. Considering 
consumer exposure during use phase is essential for both LCA and ACC, the 
determination of Product Intake Fractions using first order transfer matrices 
enabling a parsimonious exposure assessment. 
 
Environmental risk assessment of biocides: regulatory 
requirements, challenges and consequences 
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Introductory talk: Working groups involved in the environmental assessment 
of biocides and latest developments of guidance and guidance-related 
documents 
H. Schimmelpfennig, European Chemicals Agency  ECHA / D1 - Biocides; S. 
Gutierrez, ECHA-European Chemicals Agency / Biocides; J. Laitinen, 
ECHA-European Chemicals Agency; A. Lipkova, European Chemical Agency  
ECHA; e. nogueiro, ECHA; J. Weber, European Chemical Agency  ECHA 
The aim of the introductory talk is to provide an overview on the working groups 
(WG) of the Biocidal Products Committee (BPC) involved in environment 
exposure related items on biocides as well as on the development of guidance and 
guidance-related documents. Biocidal active substances need to be approved before 
an authorisation for a biocidal product containing them can be granted. Active 
substances are first assessed by an evaluating Member State competent authority 
(eCA) and the results of these evaluations are forwarded to ECHA's BPC, which 
prepares an opinion within 270 days. The BPC is supported by working groups, 
which contribute to the harmonisation of risk assessment under the Biocidal 
Products Regulation (BPR). The following Working Groups are involved 
specifically in environment related issues: BPC Environment Working Group 
(permanent) Ad hoc Working Group on environmental exposure (AHEE) Guidance 
and or guidance-related documents like the emission scenarios or emission scenario 
documents (ESD) are continuously being developed by different parties involved 
(i.e. member state, ECHA or industry). During 2016 and 2017 the focus was on the 
following: Revision of Volume IV Environment, Part B Risk Assessment (active 
substances) and preparation of the product part; Guide on product authorisation for 
product type 21 (antifouling products); Addendum to the OECD ESD for product 
type 18 (insecticides), including degradation in manure; Emission scenario 
document for product type 6 (preservatives for products during storage); Exposure 
assessment of metabolites in the terrestrial compartments; Emission scenario for the 
use of biocides in aquaculture in product type 3 (veterinary hygiene); Assessment of 
precursors of in situ generated active substances. ESD spreadsheets for member 
states and industry to increase efficiency, consistency and transparency. 
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Comparative environmental risk assessment of biocides -  a chance to get 
better products 
J. Ranke, University of Bremen; A. Coors, ECT Oekotoxicologie GmbH; P. 
Vollmar, ECT Oekotoxikologie GmbH; C. Riedhammer, German Environment 
Agency Umweltbundesamt 
Individual environmental risk assessments, evaluating the environmental safety of 
biocides, are routinely performed at European level for active substances, and on 
member state level for products under the biocidal products regulation (BPR) EU 
No 528/2012. In addition, the BPR prescribes a comparative assessment to be 
carried out in the course of product authorisation, if a biocidal product contains one 
or more active substances that are Candidates for Substitution (CfS) according to 
Article 10 of the BPR. Potentially, the comparative assessment can lead to the 
decision not to authorise a product, even if the conventional risk assessment 
indicated acceptable risks.\nThe European Commission has published a Technical 
Guidance Note (TGN) on comparative assessment of biocidal products, laying out a 
procedure and providing definitions and concepts that are intended to guide the 
member states in the performance of this task. However, due to a lack of practical 
experience, the document is currently rather general in many points and there is a 
lot of room for interpretation.\nTherefore, the German environmental agency 
(Umweltbundesamt, UBA) commissioned a research project to analyse the existing 
guidance as far as the environment is concerned, to test its application to existing 
biocidal products and to develop contributions to an improved guidance that can be 
discussed between member states to promote a harmonised implementation 
throughout the EU.\nIn this project, the relevant content of the BPR and the TGN 
was analysed in order to identify areas that need further developments. Also, the 
existing work on comparative product risk assessment from the area of plant 
protection products was scrutinized. In a second step, the procedure laid out in the 
TGN is being tested in case studies using biocidal products registered for use in 
product types PT 8 (wood preservatives) and PT 18 (insecticides, acaricides) in 
Germany. The third step is an analysis of any deficits, missing elements or 
impracticalities of the currently available guidance. Finally, the project will lead to 
improved recommendations.\nAn analysis of the existing guidance concerning 
comparative assessments of biocidal products under the biocidal product regulation 
resulted in the identification of problematic areas. Recommendations will be 
developed to improve the transparency and efficiency of comparative assessment 
processes that aim to limit market access of products with unfavourable risk 
profiles. 
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Managing environmental risk assessment of antifouling products - regulatory 
challenges 
B.S. Cordua, The Danish Environmental Protection Agency / Biocides; O. 
Machate, University of Copenhagen / Department of Plant and Environmental 
Science; H. Wennermark, The Danish Environmental Protection Agency / 
Pesticides and Gentechnology; A. Christensen, The Danish Environmental 
Protection Agency 

Before the Biocide Regulation (EU) 528/2012 antifouling paints were in Denmark 
regulated by an executive order. Hence, environmental risk assessment was not 
performed for accepted active substances and antifouling products before being 
available at the market. Following the Biocide Regulation (EU) 528/2012 the 
OECD PT21 Emission Scenario Document was used for the environmental risk 
assessment of active substances. As the OECD scenario was not considered 
sufficient for authorization of antifouling products for pleasure crafts regional 
scenarios were developed. The intention among member states is to obtain 
harmonization and a simple procedure for product authorization. In order to prepare 
for authorization of antifouling products for pleasure crafts in Denmark there is a 
need for investigating how regional scenarios represent Danish marinas. Challenges 
within this task cover the harmonization of risk assessment for antifouling products 
in the Baltic Sea region and at the same time obtain acceptable protection levels for 
Danish marinas by use of preferably one regional scenario. A mapping of the 365 
Danish marinas was conducted for the purpose of collecting information on 
location, dimensions, number of mooring boats and water/sediment characteristics. 
This information has been used to assess the level of protection for the Danish 
marinas obtained by the proposed regional marina scenarios. MAMPEC version 3.1 
was used to calculate Predicted Environmental Concentrations (PEC) of 
dichlofluanid and irgarol representing a rapid degradable and a slow degradable 
compound in the water and sediment inside the marinas and in the surroundings for 
approximately half of the 365 Danish marinas. As proposed by the UK Competent 
Authority a cumulative probability distribution was constructed in order to compare 
PEC values representing Danish marinas to PEC values obtained for the Baltic and 
Baltic transition regional scenarios. Determining input parameters for MAMPEC 
representative for all Danish marinas appears to be a challenge as the marinas are 
divergent and not all values are available for each parameter for individual marinas. 
The first active substances for antifouling paints are approved under the Biocide 
Regulation (EU) 528/2012, and product applications are in the process of being 
prepared by the Industry, which demands that the authorities are in the process of 
obtaining knowledge and prepare for handling product applications. 
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Studies to support the national environmental risk assessment on antifouling 
products for leisure boats 
M. Feibicke, Umweltbundesamt; B.T. Watermann, D. Daehne, C. Fuerle, A. 
Thomsen, LimnoMar 
Within the authorization of biocidal antifouling products for leisure boats (EU 
Biocides Regulation 528/2012) national specifics may be considered by the 
member states in their assessment of environmental risks on antifouling products 
(AFP). For Germany, nation-wide data on the inventory of leisure boats and their 
regional distribution are lacking so far. For that reason, a comprehensive study has 
been initiated funded by the Federal Environment Agency (UFOPLAN 2011, FKZ 
3711 67 432) in order to quantify nationwide the amount of leisure boats at inland 
and coastal waters, to characterize the physical structure of marinas and to identify 
regional hot spots with high boat densities. Furthermore, water concentrations of 
antifouling active substances and selected break-down products were measured in a 
single-sampling survey at 50 marinas at freshwater, brackish and salt water sites to 
identify the active substances currently in use. Measured water concentrations of 
cybutryne and copper exceeded environmental quality standards at some sites, 
reaching highest levels in freshwater marinas. Beyond the scope of this project 
these data were used to calculate national consumption figures of AFP, biocidal 
active substances, and zinc oxide for the first time. Results were compared with 
those of other European countries in the context of national restrictions and bans. 
Assuming a moderate emission ratio of 50 % during service life, the amount of 
copper released from AFP reached about 15% of the yearly total copper input into 
German surface waters, underpinning its relevance as an emission source. Project 
results are published on the homepage of the Federal Environment Agency 
(http://www.umweltbundesamt.de/en/publikationen/sicherung-der-verlaesslichkeit
-der-antifouling). 
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The use of biocides to disinfect the ballast water of ships: protection of the 
marine environment from invasive species 
A. Kehrer, Federal Environment Agency / IV 1.2 Biocides; C. Stang, B. 
Schwarz-Schulz, Federal Environment Agency 
Invasive aquatic species present a major threat to the marine ecosystems, and 
shipping has been identified as a major pathway for introducing species to new 
environments. While ballast water is essential for safe and efficient shipping 
operations, it may pose serious ecological, economic and health problems due to the 
transfer of invasive species carried in the water from one region to another. These 
species range from bacteria, microbes and small invertebrates to eggs, cysts and 
larvae of various species, including fish. The transferred species may survive in the 
new environment to establish populations, become invasive, competing out native 
species and multiplying into pest proportions. To prevent the transfer and spread of 
invasive species, the International Convention for the Control and Management of 
Ships' Ballast Water and Sediments (BWC) was adopted in 2004. However, the 
BWC will enter into force not until 8 September 2017 as it was laid down in the 
BWC that “() it shall enter into force twelve months after the date on which not less 
than thirty States, the combined merchant fleets of which constitute not less than 
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