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through the use of new guidance, the ECHA dissemination portal and industry 
collaborations SSVs have been devloped that utilise new data and research 
findings. This presentation will show that the lag between scientific developments 
and regulatory implmentation can be relatively short. Changing regulatory needs 
can keep pace with scientific developments. \n 
 
250 
Assessing the integrated terrestrial ecotoxicity of Cu and Ni species for life 
cycle assessment (LCA) 
A. Yadghar, CIRAIG - École Polytechnique de Montréal / Chemical engineering 
department; C. Bulle, CIRAIG - ESG - UQAM / Strategy  corporate social 
responsibility; L. Deschenes, Ecole Polytechnique de Montreal / Genie Chimique 
Life cycle assessment (LCA) validity of metals toxicity can be significantly 
affected by bioavailable metal fraction. The bioavailable fraction of Copper (Cu) 
and Nickel (Ni) for world soil types are calculated using WHAM 7 geochemical 
speciation model. Applicability of WHAM model for soils using their globally 
available properties (texture, pH, cation exchange capacity, and organic matter 
content) is examined and verified with soil field data and compared with an 
empirical regression method. The results obtained from WHAM 7 show that the 
model is able to calculate bioavailable fraction of Cu and Ni with uncertainties of 
less than two and three orders of magnitude, respectively, for a wide range of soils 
distributed globally. It is in better match with the experimental data in term of 
absolute value than the empirical regression results. To address this variability, 
518 archetypes and 13 groups of archetypes are created to show the global 
distribution of obtained BF values. Moreover, BFs ranking was compared and the 
soluble Cu and Ni Spearman rank correlation coefficients showed a significant 
correlation between BFs obtained by WHAM and BFs calculated by the 
regression method. The BFs included in the calculation of CFs for Cu and Ni have 
been applied in terrestrial ecotoxicity and the level of regionalization required to 
adequately represent the spatial variability of CF has been defined. The obtained 
results from two different versions of the model (WHAM 6.0 and 7) were also 
compared for Zinc (Zn) to see whether the updated database of the model may 
change the results. This study validates using WHAM as a tool to study Cu and Ni 
bioavailable factor in global soils since the results cover a considerable range of 
world soils. This research will not only obtain regionalized CFs including Cu and 
Ni speciation in terrestrial ecotoxicity directly applicable in the current LCA 
methods, but also will show that it is possible to use geochemical models for large 
scale speciation in soil. We applied WHAM 7 for Cu and Ni to determine the BFs 
in soils to validate this approach with measured speciation data in term of absolute 
value and ranking and to be sure our big effort of modelling with warm is worth it. 
We showed it brings more appropriate answer than the regression method. 
 
251 
Quantitative risk assessment of mercury contamination to ecosystem in a 
mercury mining area 
Y. Lin, Norwegian Institute for Water Research NIVA; G. Qiu, Institute of 
Geochemistry Chinese Academy of Sciences; H. Braaten, Norwegian Institute for 
Water Research NIVA; X. Feng, Institute of Geochemistry Chinese Academy of 
Sciences; T. Larssen, Norwegian Institute for Water Research NIVA 
Wanshan Mercury Mining Area (WMMA) which is located in Southwest China 
has a long history of Hg exploration and smelting. Hg contamination has been a 
serious local problem for both human and environment for decades. The risks of 
Hg for human health have been reported in WMMA by several studies, and 
dietary intake rather than inhalation has been identified as the main exposure 
pathway for the local residents. However there has been less focus on the risk of 
Hg contamination on the ecosystem. The scope of this study is therefore aimed at 
quantifying the risk related to Hg pollution from an ecosystem perspective. The 
endpoints of the assessment will be plants and biota rather human. This study aims 
at developing a site specific index system to identify the risks of Hg 
contamination on major biota species (rice, invertebrates and birds). The exposure 
level in this study is determined by direct sampling and measurement of Hg 
concentrations in different references species at WMMA (soil, rice, earthworm, 
grasshopper, spider and bird samples were collected). Total Hg concentration is 
selected as proxy for comparing the concentration levels. No adverse effect 
concentration (NOAEL) is used as the risk assessment benchmark for the different 
species. Risk quotients (RQ) are then derived based on comparing the Hg 
concentrations in each species with benchmark values. Four levels of risk were 
proposed based on RQ values: Level 1: Background. If all RQ values are smaller 
than 1, and RQ are smaller than reference site, the species is then considered to be 
living under a similar condition as in the background site. Level 2: Minimal risk. 
If all the RQ values are smaller than 1, the species is then considered having 
minimal risk. Level 3: Moderate risk. It is possible that RQ of tissue concentration 
is smaller than 1, but RQ of diet is bigger than 1. This indicates that the species is 
having a risky diet, while tissue concentration has not reached risky level. Level 4: 
High risk. If RQ based on tissue concentration is greater than 1, it can be 
confirmed that the species is at risk. The plan for remediation at WMMA is under 
development with local authority, the outcome from the risk assessment will then 
supply important basis for the remediation method development, and possible 
measures to reduce the risk will be then proposed based on the results. 
 

Higher tier tests in the risk assessment of plant protection 
products (II) 
 
252 
An SSD-based investigation of the relative sensitivity of Daphnia magna - 
Implications for risk assessment 
M. Gustavsson, University of Gothenburg; T. Backhaus, University of 
Gothenburg / Department of Biological and Environmental Sciences 
The species sensitivity distribution can be used to quantify the spread in 
sensitivity between different organisms. A large width of a distribution implies 
that there is a large difference between the most and the least sensitive species 
tested. Currently approximately 30% of the PNEC’s from the single substances 
registered under REACH can be traced back to Daphnia magna. In order to 
determine whether the current risk assessment practice is protective, we compared 
the sensitivity of Daphnia magna to the sensitivity of other aquatic invertebrates. 
Ecotoxicity data were initially collected from the US EPA database ECOTOX. 
The data was thereafter filtered and only those compounds that contained acute 
toxicity data (1-7 days) from laboratory studies performed on aquatic invertebrates 
were kept. Finally the species sensitivity distributions were fitted using the R 
package “drc” for all compounds where 8 or more species had been tested. In total 
157 species sensitivity distributions could be generated. The results show that the 
sensitivity of Daphnia magna, in relation to other tested aquatic invertebrates, 
varied randomly. The median factor between the most and the least sensitive 
aquatic invertebrate for each individual compound is estimated to be around 1300. 
The species sensitivity distribution for three specific compounds show that 2.3% 
(Temephos), 46.4% (Toluene) and 93.75% (Endosulfan) of all aquatic 
invertebrates are assumed to be more sensitive than Daphnia magna. The 
difference between the relative sensitivity of Daphnia magna for these three 
compounds demonstrates the necessity in comparing the available species 
sensitivity distributions to the currently used assessment factors within chemical 
risk assessment.The presentation will provide further details on the spread of the 
species sensitivity distributions and the distribution of sensitivity steepnesses over 
all the tested chemicals will be analysed. 
 
253 
EFSA Scientific Opinion on the effect assessment for pesticides on sediment 
organisms in edge-of-field surface waters 
S. Duquesne, UBA, Federal Environment agency; A. Aagaard, Pesticides Division 
/ Danish EPA; T. Brock, Alterra, Wageningen University and Research Centre / 
Environmental Risk Assessment Team; B. van Hattum, Institute for 
Environmental Studies, VU University, de Boelelaan; M. Klein, Fraunhofer IME; 
I. Sundh, Swedish University of Agricultural Sciences (SLU), Department of 
Microbiology, Uppsala; R. Sharp, EFSA - European Food Safety Authority / 
Pesticides Unit; M. Egsmose, EFSA 
Some aspects, proposals and/or recommendations described in the EFSA scientific 
opinion on the effect assessment for pesticides on sediment organisms in edge-of 
field surface water are presented here. They include elements of exposure as well 
as effect assessments since the ERA is a combination of both. The issues 
highlighted here are the following: Triggers for sediment ecotoxicity testing and a 
decision scheme based on a tiered effect assessment approach for different types 
of organisms; How to link regulatory acceptable concentrations (RACs) to 
predicted environmental concentration (PECs), using the ecotoxicologically 
relevant concentrations (ERCs) concept that is influenced by the choice of 
sediment layer depth, exposure metric and test duration; Methodology for 
introducing an accumulation factor to account in a conservative way for effects of 
multi-year applications; Assessment of impacts of bioaccumulation, 
biomagnification and secondary poisoning; Issues related to uncertainties of the 
current and/or proposed ERA approaches. The specific protection goals (SPGs) 
for sediment-inhabiting organisms are based, as for the aquatic organisms in edge 
of field waters, on two options, i.e. (1) the ecological threshold option (ETO), 
accepting negligible population effects only, and (2) the ecological recovery 
option (ERO), accepting some population-level effects if ecological recovery 
takes place within an acceptable time period. For several reasons, for the time 
being it is suggested that the ETO is the best option to provide adequate protection 
of benthic organisms. 
 
254 
Effects of sediment-spiked lufenuron on benthic macroinvertebrates in 
single-species tests and outdoor microcosms 
T. Brock, Alterra, Wageningen University and Research Centre / Environmental 
Risk Assessment Team; D. Bas, L. Bibbe, University of Amsterdam / Institute for 
Biodiversity and Ecosystem Dynamics IBED; D. Belgers, M. Boerwinkel, Alterra, 
Wageninen UR / ERA team; S. Crum, Alterra Wageningen UR / ERA team; N. 
Diepens, Wageningen University; M. Kraak, M. Schoorl, A. Vonk, University of 
Amsterdam / Institute for Biodiversity and Ecosystem Dynamics IBED; I. 
Roessink, Alterra / ERA team 
Sediment ecotoxicity studies were conducted with lufenuron, a hydrophobic 
benzoyl urea insecticide. The studies aimed to compare the 
concentration-response relationships for macroinvertebrates observed in an 
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outdoor sediment-spiked microcosm experiment and those of 28-d 
sediment-spiked single-species toxicity tests with Chironomus riparius, Hyalella 
azteca and Lumbriculus variegatus. Twelve weeks after the construction of the 
microcosms mean measured exposure concentrations in the sediment were on 
average 87.7% measured initially. Treatment-related effects of sediment-spiked 
lufenuron in the microcosm experiment were observed for populations of insects 
and macrocrustaceans (lowest NOEC for benthic insects 0.8 μg a.s./g OC and for 
benthic crustaceans 8.5 μg a.s./g OC). Treatment-related increases in abundance 
(indirect effects) were observed for benthic oligochaete worms (lowest NOEC of 
0.8 μg a.s./g OC). The 28-d sediment-spiked laboratory toxicity tests resulted in 
EC10 values of 0.49 μg a.s./g OC for C. riparius, 1.20 μg a.s./g OC for H. azteca 
and 211 μg a.s./g OC for L. variegatus. These data also explain why oligochaete 
worms did not suffer pronounced toxic effects in the microcosm experiment, but 
could increase in abundance due to the decline of sensitive benthic arthropod 
populations (release of competition). The chronic laboratory toxicity data 
mentioned above illustrate that the tier-1 effect assessment approach proposed by 
EFSA for benthic organisms and sediment-bound insecticides, using the lowest 
chronic EC10 value for the combination C. riparius and H. azteca and an 
assessment factor of 10, is protective for the insecticide lufenuron and the 
responses observed in the sediment-spiked microcosm test. 
 
255 
Applying the MDD concept to terrestrial NTA studies 
F.M. Bakker, Mitox Consultants; S. Aldershof, bioresearch and evualuation 
Natural terrestrial ecosystems such as meadows adjacent to cropped fields may be 
exposed to spray drift. The arthropod fauna of such ecosystems is generally 
abundant and species rich and comprises a broad array of eco(toxico)logical 
profiles. There are no models or model systems sufficiently fit to adequately 
predict the potential effect of exposure on the functioning of these ecosystems. For 
this reason experimental tests are performed, generally in natural ecosystems 
without prior manipulation. Because the arthropod fauna in such systems varies 
between locations and years there is a need to evaluate whether a selected site is 
appropriate for the purpose of the experiment, i.e. to derive regulatory acceptable 
exposure levels. This can only be done a posteriori. We apply the MDD concept 
derived by Brock et al. (2015)[1] for aquatic micro-/mesocosm studies to natural 
(i.e. unbounded) terrestrial off field systems as described in DeJong et al.[2]. 
Typically these experimental systems follow a replicated (n=4) plot design, with 
30x30 m plots and multiple sampling methods over a period of 8 weeks following 
a single application event. A large number of arthropod taxa (800-1000) is 
assessed and typically at least 80-100 are sufficiently abundant for statistical 
hypothesis testing. As a consequence of inherent parametric constraints we use 
non-parametric tests for these analyses. Our primary objective is to test whether 
the criteria in the aquatic scheme can be applied to derive regulatory acceptable 
exposure levels for terrestrial systems as well. We use the decision scheme in 
Brock et al. (2015) to data obtained in a large number of off-field studies. MDD’s 
were calculated using the technique provided by Van der Hoeven (2008)[3]. 
Potentially sensitive taxa were defined using empirical criteria, in particular 
whether a specific or related taxon was consistently affected by the reference 
treatment in different studies. Ecologically vulnerable taxa were defined similarly 
as taxa consistently affected by the reference item for four or more weeks in 
different studies. [1] T.C.M. Brock; M. Hammers-Wirtz; U. Hommen;T. G. 
Preuss; H-T. Ratte; I. Roessink; T. Strauss; P.J. Van den Brink. Environ Sci Pollut 
Res (2015) 22:1160–1174. [2] F.M.W. de Jong; F.M. Bakker; K.Brown; C.J.T.J. 
Jilesen; C.J.A.M. Posthuma-Doodeman; C.E. Smit; J.J.M. van der Steen; G.M.A. 
van Eekelen. 2010 ISBN/EAN: 978-90-6960-245-5 [3] Van der Hoeven, N. 2008. 
Ecotoxicol.Environ.Saf. 70:61-66 
 
256 
Development of suitable experimental designs for semi-field trials with 
solitary bees 
V. Kondagala, University of Koblenz-Landau / Institute for Environmental 
Sciences; M. Candolfi, Eurofins Agroscience Services Ecotox GmbH; T. Jütte, O. 
Klein, S. Knaebe, Eurofins Agroscience Services Ecotox GmbH / Ecotoxicology 
Field; T. Vollmer, Eurofins Agroscience Services Ecotox GmbH / Field 
Ecotoxicology 
The publication of the proposed EFSA risk assessment of plant protection 
products for pollinators led to an increasing demand for experiments with 
non-Apis pollinators. However, no official guideline for the standardized 
semi-field trials exists so far. To overcome this lack of guidance, a semi field 
study was performed to continue our research and increase the knowledge about 
suitable test designs and the handling of the test organisms. The aim of this study 
was to implement a test system for trials under semi-field conditions with solitary 
wild bees. In the study the potential effects of exposure of bees and their brood to 
test item treated and untreated plants and the statistical evidence of validity were 
the focal points. During the exposure and after end of the exposure all relevant 
parameters were recorded. The test design is in accordance with a proposal from 
the ICPPR non- Apis working group. The semi-field study with the red mason bee 
Osmia bicornis (Hymenoptera, Megachilidae) was conducted in winter oilseed 
rape with 6 replicate tunnels per treatment group and contained a water treated 
control as well as two reference treatments applied with 100 g a.i./ha and 350 g 

a.i./ha dimethoate. The following end points were observed in the study: nest 
occupation by female individuals, flight activity, reproduction capacity by means 
of produced cells and cocoons and brood termination rate. Hatching success was 
also recorded to assess the viability of the used test specimens. The first results 
show clearly the possibility to perform semi-field studies with the red mason bee 
Osmia bicornis in winter oilseed rape. Dimethoate can be used as a toxic reference 
to show acute effects on adult wild bees. The endpoints chosen were useful for a 
study design and the variability was low with regard to the observed effects. The 
two rates of dimethoate tested showed already the maximum effect so that 
dimethoate can be used as a toxic reference in semi-field studies at the lower rate. 
Furthermore the statistical analysis showed that the test design is valid and 
repeatable. 
 
257 
Experimental design for semi-field trials to test brood affecting plant 
protection products with solitary bees 
S. Knaebe, Eurofins Agroscience Services Ecotox GmbH / Ecotoxicology Field; 
M. Candolfi, Eurofins Agroscience Services Ecotox GmbH; L. Franke, J. Fricke, 
T. Jütte, O. Klein, A. Schuster, Eurofins Agroscience Services Ecotox GmbH / 
Ecotoxicology Field; T. Vollmer, Eurofins Agroscience Services Ecotox GmbH / 
Field Ecotoxicology 
The newly proposed EFSA risk assessment of plant protection products for 
pollinators includes for the first time not only honey bees as test organisms but 
also non-Apis pollinators. However, there is no official guideline for standardized 
semi-field trials. To support a tiered risk assessment a semi-field study design was 
developed and performed in 2015 based on available publications and advices 
from an ICPPR workshop. The results of these studies make it possible to improve 
future designs and recommendations for the handling of the test organism can be 
given. The objective of this study was to develop a semi-field test design for plant 
protection products affecting brood of solitary wild bees. In the study the potential 
effects of exposure of adult bees and their brood to an insect growth regulator 
were examined. After the end of exposure the development of the progeny was 
followed until the following spring and the reproduction success was evaluated as 
an endpoint. The semi-field brood trial with the red mason bee Osmia bicornis 
(Hymenoptera, Megachilidae) was conducted in a Phacelia crop. The test design 
included a water treated control and two treatment groups. Each treatment group 
was replicated with 4 tunnels. The exposure period started at the beginning of July 
2015. The treatment applied was fenoxycarb, an insect growth regulator also used 
as a reference substance in honey bee brood studies. Two rates were tested 
with150 g a.i./ha (T1) and 350 g a.i./ha (T2). The following endpoints were 
observed in the study: to evaluate sub-lethal effects on adult bees, the nest 
occupation of females and the flight activity was documented. I order to evaluate 
brood effects, the cell production, the cocoon production and the brood 
termination rate were assessed. To ensure equal starting conditions in all treatment 
groups the hatching success was recorded. The first results show, that it is possible 
to perform a semi-field brood study with the red mason bee Osmia bicornis in 
Phacelia. The bees can be stored until June and hatched specimens are still viable 
and fertile. Fenoxycarb can be used to introduce brood termination in eggs and 
larvae of red mason bees. The endpoints chosen are useful to evaluate effects on 
reproductive success and the variability between replicates was low. The lower 
rate of fenoxycarb showed already the maximum effect so that fenoxycarb can be 
used as a toxic reference in semi-field studies. 
 
Methodological challenges for LCA of agricultural supply 
chains producing food, fibre and bioenergy 
 
258 
Comprehensive assessment of fruits and vegetables human health effects in a 
LCA context 
K. Stylianou, University of Michigan - School of Public Health / Environmental 
Health Sciences; O. Jolliet, University of Michigan; P. Fantke, Technical 
University of Denmark / Quantitative Sustainability Assessment Division 
Purpose: Nutritional effects from the ‘use stage’ of food items life cycle can have 
a substantial effect on human health; yet, they are often not considered in life 
cycle assessment (LCA). In our study we explore the case of increased fruit and 
vegetable consumption, a healthy dietary option – that could result in higher 
exposures to a wide variety of pesticides – and investigate the trade-offs between 
associated environmental and nutritional health effects. Methods: We employ the 
Combined Nutritional and Environmental Life Cycle Assessment (CONE-LCA) 
framework that evaluates and compares in parallel the environmental and 
nutritional effects of foods expressed in Disability Adjusted Life Years (DALYs). 
For the environmental health assessment we consider impact categories such as 
global warming and particulate matter (PM) as well as chemical exposure due to 
pesticide residues. Global warming and PM are assessed following a traditional 
LCA approach. For the pesticide residue exposure, we use publically available 
health impact scores derived from toxicological studies of numerous pesticide 
active ingredients. For the nutritional assessment we focus on the various health 
outcomes considered in the global burden of disease that are based on 
epidemiological studies. Results and discussion: Adding one serving of fruits or 
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vegetables to the current average diet in Europe may lead to substantial nutritional 
health benefits. These nutritional benefits are slightly increased when we consider 
substitution scenarios in which the substituted food items are associated with 
negative health effects, such as red meat and trans-fat. Overall environmental 
health impacts associated with this addition are substantially smaller compared to 
nutritional benefits in each scenario, even when considering an uncertainty factor 
of 400 for the impacts of pesticide residues. Conclusion: The present study 
illustrates the importance of considering nutritional effects of food items in LCA. 
Our preliminary results suggest that nutritional health effects of food items can be 
substantial and comparable to environmental impacts, especially for nutritional 
foods such as fruits and vegetables. This approach could be used for making 
recommendations about sustainable diets and food choices. 
 
259 
Pesticides' impacts of bananas from different regions 
T. Ponsioen, PRe Consultants / Consultancy; L. Golsteijn, M. Goedkoop, PRe 
Consultants; H. van der Waal, AgroFair Benelux bv 
Most bananas sold in Europe nowadays have some sort of sustainability label. 
Consumers and supermarkets therefore may have the idea that the labelled 
bananas are produced in a sustainable way. Sustainability covers many social and 
environmental themes and several of these are addressed by the labels only to a 
certain extent. However, large amounts of pesticides are still used in conventional 
banana production, resulting in potential human health and ecosystem impacts. 
Using no xenobiotic pesticides at all as is the case for organic bananas is not an 
option for the large scale, because it needs very specific climatic and logistic 
conditions. Different climatic, soil conditions and production practices between 
farms result in large differences in the pesticide impact of bananas. In this study, 
the toxicity-related impacts of pesticides applied in banana production were 
calculated with the consensus model USEtox version 2.0 for three case studies: an 
organic farm in Peru, smallholder farms in Ecuador, and a conventional plantation 
in Panama. The resulting toxicity-related pesticide footprints show that the use of 
large quantities of myclobutanyl, chlorpyrifos and mancozeb in Panama case have 
the highest contribution to the human health impact profile. The use of 
azoxystrobin and mancozeb in this case shows the largest share on the impact 
profile for organisms in freshwater ecosystems. The footprint of the pesticides 
used in banana production from the Panama case is about 20 to 30 times larger 
than in the Ecuadorian case. In a sensitivity analysis, in each case, regionally 
specific landscape parameters were used to calculate specific factors for each of 
the pesticides used. This increased the score of the Panama case by about 300%, 
while the score of the Ecuador case did not change significantly. Default values 
for these parameters are provided by USEtox for several regions, among which for 
a region covering Central America and one covering Peru and southern Ecuador. 
Calculations with an alternative impact assessment model (USES-LCA) generally 
confirms the results with USEtox, but shows that the impact on terrestrial and 
marine ecosystems, which are not included in USEtox, can be significant. 
 
260 
Towards a consensual method to assess climate change impacts from 
bio-based systems 
A. Benoist, CIRAD; C. Cornillier, FCBA 
This study focused on climate change impact assessments of systems involving 
compartments of the biogenic carbon cycle, addressing the issue of assessing the 
actual impacts of biogenic carbon emissions and of variations in carbon stocks. A 
critical review was carried out on seven different characterisation models dealing 
with these environmental mechanisms, including five methods dealing with 
GreenHouse Gas (GHG) emissions - conventional Global Warming Potentials 
(GWP) from IPCC according to a carbon neutrality approach or to a full 
accounting approach, time-adjusted GWP, biogenic GWP and biogenic 
accounting factors - and two methods dealing with land occupation and/or 
transformation - ILCD / IPCC recommendation to account for carbon stock 
changes from land transformation and Müller-Wenk proposal adopted in the land 
use framework. These models were rated over eight criteria divided into four 
categories: completeness in terms of environmental mechanisms covered, 
scientific soundness, genericity, and easiness of use. Results showed that the 
currently recommended methods are conventional GWP according to a full 
accounting approach for the assessment of greenhouse gas emissions, and the 
ILCD / IPCC recommendation to account for carbon stock changes from land 
transformation. However, despite their good international acceptance, these 
methods fail to take into account the dynamic nature of the biogenic carbon cycle 
and new methods have then been developed for this purpose. These methods 
present many gaps but two were identified as promising characterisation models: 
time-adjusted GWP and Müller-Wenk proposal. Finally, a new method that 
benefits from the advantages of these two last methods is proposed. This method 
relies on the land use framework related to carbon sequestration potential with the 
time-adjusted GWP embedded to better reflect the dynamics and reversibility of 
the biogenic carbon cycle. It is compatible with full accounting approach for GHG 
emissions and temporary carbon storage valuation. It also remains sufficiently 
practicable. 
 
261 

Which functional unit to assess environmental impacts of dairy system 
intensification? 
T. SALOU, INRA, UMR SAS / UMR SAS  UMR SMART; C. Le Mouël, INRA 
Agrocampus Ouest / UMR SMART; H. van der Werf, INRA, UMR SAS / 
Environnement etAgronomie 
Intensification of milk production, defined as increased production per hectare 
(ha) of land, invariably leads to increased impacts per ha, but its impacts per kg of 
milk are less clear. The aim of this study was to assess a range of environmental 
impacts of contrasting dairy systems that represent a wide diversity of 
management practices and intensification levels. We used the concept of the 
Technological Management Route (TMR), i.e. a logical set of technical options 
designed by farmers, to compare seven systems representing the diversity of milk 
production systems in France and a range of intensification levels. Life Cycle 
Assessment was used to estimate impacts of these systems using two functional 
units (FU): t of milk and ha of total (on- and off-farm) land occupied. With the 
area-based FU, we are looking for low-impact land-use systems. From this 
perspective, the organic and highland systems were most promising. With the 
mass-based FU, we consider productivity and impacts. From this perspective, a 
maize-silage based system seemed most promising, as it ranked lowest or 
second-lowest for six out of seven impacts. Dairy system intensification had three 
effects: i) all impacts increased per ha of land occupied, ii) eutrophication and 
land competition decreased per t of milk produced, and iii) other impacts changed 
little per t of milk produced. In other words, depending on the FU, the perceived 
environmental impacts of dairy system intensification differed radically. A 
mass-based FU is by far the dominant FU, and, in studies that go beyond the farm 
gate, the only FU used. Thus, current LCA practice is largely blind to 
environmental impacts of dairy system intensification, as it tends to ignore the 
environmental impacts of intensification revealed by the area-based FU. This is a 
sobering observation with paradoxical consequences, as this “blind spot” of 
current LCA practice may well tend to bias decision making in favour of intensive 
systems, which have high impacts per ha of land occupied. LCA-based decision 
making might thus increase the prevalence of intensive systems, which could 
increase overall impacts of the agricultural sector. Reconciling environmental 
impacts and productivity is difficult. Using only a mass-based FU, does not 
provide a balanced view of the impacts of intensification and could mislead 
decision makers in identifying promising dairy systems. We recommend the use 
of both mass-based and area-based FUs in LCAs of agricultural goods. 
 
262 
Environmental Impact of food consumption in EU 
B. Notarnicola, G. Tassielli, P.A. Renzulli, University of Bari / Ionian Department 
of Law Economics and Environment; V. Castellani, European. Commission - 
Joint Research Centre / Institute for Environment and Sustainability; S. Sala, 
European Commission - Joint Research Centre / Sustainability Assessment unit 
In order to comprehensively assess the impact of food consumption at EU level, a 
detailed product based LCA from ‘cradle to grave’, has been conducted aiming at: 
i) identifying the most representative food and beverage products consumed in the 
EU-27 via a statistical analysis of food consumption, selecting 2010 as reference 
year, ii) evaluating, via an LCA, the life cycle environmental impact of the 
average food consumption of an EU-27 citizen in one year following the ILCD 
recommendations for impact assessment, iii) developing a strategy for using the 
BoP food as baseline scenario for testing ecoinnovation options for impact 
reduction. The methodology developed for assessing the impacts of food 
consumption in EU, based on a basket of food products, includes the following 
steps: 1) Quantitative and qualitative analysis of the structure of the EU 
consumption category of nutrition – during the years 2000-2010 – including 
international trade and selection of a basket of representative products for the 
consumption category of nutrition for the year 2010. 2) Collection and 
development of process-based LCIs for the selected representative products. 3) 
Calculation of the environmental impact results, based on the results of the 
previous steps. 4) Quantitative and qualitative analysis of the environmental 
impacts of the selected nutrition basket, with conclusions and recommendations 
for the future. The overall results indicate that in the majority of the impact 
categories the most burdening consumed foods are meat products and dairy 
products. The agricultural phase is the most impacting lifecycle stage of the basket 
food, due to the contribution of agronomic and zoo-technical activities. Food 
processing and logistics follow in importance, due to their energy intensity and the 
related emissions to atmosphere, occurring during the production of heat, steam 
and electricity and during transport. Regarding the end of life, human excretion 
and wastewater treatments are posing burdens related to euthrophying substances. 
The impact assessment results of this study could be used as a means to provide 
an index for monitoring and analysis, in order to evaluate the effect of possible 
improvements within the life cycle stages and the different supply chains. A 
further step of the analysis should be to develop scenarios of eco-innovation and 
behavioural changes to test their effect at the EU scale and to prioritize their 
implementation. 
 
Persistent and mobile contaminants in the aquatic 
environment: how to identify, analyse and regulate a 
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potential threat for drinking water resources (I) 
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Identification, analysis, removal and regulation of persistent and mobile 
organic chemicals in the drinking water cycle - The approach of the EU 
project PROMOTE 
U. Berger, Helmholtz centre for environmental research - UFZ / Analytical 
Chemistry; H.P. Arp, Norwegian Geotechnical Institute; P. de Voogt, University 
of Amsterdam / IBED; H. Gallard, IC2MP UMR 7285 CNRS - University of 
Poitiers; T.P. Knepper, Hochschule Fresenius, University of Applied Sciences; M. 
Neumann, Federal Environment Agency (UBA) / Section IV   Chemicals; J. 
Quintana, University of Santiago de Compostela; T. Reemtsma, Helmholtz Centre 
for Environmental Research 
Surface water and groundwater are the two major sources for drinking water in 
Europe. Their chemical quality may be affected by human activities, among them 
the release of chemicals that we are producing and using. If these chemicals are 
poorly degradable (persistent) and polar (i.e., mobile in the aquatic environment), 
or if they are transformed into poorly degradable and polar compounds, then these 
chemicals may specifically be of concern with respect to contamination of water 
used for drinking water production and, eventually, for the quality of drinking 
water itself. We denote such compounds persistent mobile organic chemicals 
(PMOC). PMOC are generally substances of low molecular weight with a high 
portion of heteroatoms. They may even be ionic at neutral pH. These properties 
make PMOC extremely challenging to analyze, because they hamper enrichment 
from water as well as chromatography. Consequently, knowledge on the 
occurrence of PMOC in aquatic compartments (including source waters used for 
drinking water production) is very limited. It is thus questionable whether 
sufficient protection of drinking water resources with respect to PMOC is in place. 
PROMOTE (PROtecting water resources from MObile TracE chemicals) is a 
recently launched research project under the European Union Joint Programming 
Initiative “Water Challenges for a Changing World” (Water JPI). PROMOTE 
focuses on PMOC in environmental water cycles and in drinking water 
production. The objectives are to close the significant knowledge gaps with 
respect to (a) identification and prioritization of the PMOC of highest concern, (b) 
trace analytical methods for screening and quantitative determination of PMOC in 
water, (c) occurrence and levels of PMOC in groundwater and surface water, (d) 
environmental emissions and (e) clean-up strategies or transformation of PMOC 
in the drinking water production. Based on the expected results, PROMOTE 
strives to develop recommendations with respect to chemical regulation (REACH) 
and water quality monitoring (WFD watch list). 
 
264 
Ranking REACH registered chemicals for Persistency and Mobility: Neutral, 
Ionizable and Ionic Compounds 
H. Arp, NGI / Environmental Engineering; S. Hale, NGI; T.N. Brown, TNB 
Research / Department of Chemistry 
Herein we present a novel set of tools to identify which of the REACH registered 
compounds are most likely to be persistent, mobile organic compounds (PMOCs), 
and thereby capable of rapid and sustained distrubution in the environment and 
drinking water supplies. The REACH list was chosen not only because it provides 
an overview of which chemicals are currenlty in production, but their dossiers can 
contain experimental data related to mobility and persistency. We therefore 
conducted a literature search of these REACH dossiers as well as the 
peer-reviewed literature, and employed a sweet of quantitativ structure-activity 
relationships (QSARs) to assemble persisitency and mobility parameters. As many 
ionic compounds could not be handled by commercial QSARs, and only few had 
experimental data available, we developed simple QSARs that gave broad 
estimations on the likelyhood of persistency and mobility. Further, hydrolysis 
products were also assessed for the likelyhood of being a PMOC. These data and 
tools can be used to identify previously undetected drinking water contaminants, 
or for preventing them from occuring. 
 
265 
Screening of polar chemicals in water by liquid chromatography-high 
resolution mass spectrometry employing mixed-mode columns 
R. Montes, University of Santiago de Compostela / IIAA  Institute for Food 
Analysis and Research; J. Aguirre, X. Vidal, R. Rodil, R. Cela, J. Quintana, 
University of Santiago de Compostela 
The popularization of liquid chromatography coupled to high resolution mass 
spectrometry (LC-HRMS) has permitted the exploitation of its high mass accuracy 
and resolution capacities for screening of a large set of organic pollutants without 
the need of having pure standards and chemical-classes targeted methods. To date, 
most LC-HRMS screening methods rely on reversed-phase LC (RPLC), which is 
quite limited for the detection of very polar chemicals. Hence, many very polar 
(organic) chemicals may have not been recognized as water pollutants of concern, 
yet, because the analytical methods developed so far are unable to detect them. 
However, these polar pollutants are highly mobile in the water cycle and can 
spread and even reach drinking water, if they are persistent, i.e. “persistent mobile 
organic pollutants” (PMOC). In this context, the research project PROMOTE 
(http://www.promote-water.eu/), funded by the Water JPI, aims to improve the 

knowledge on these PMOC in the water cycle, including improving analytical 
methods. Thus, the goal of this study was to improve the analytical detectability of 
PMOC by using mixed-mode LC (MMLC) combined to HRMS, for screening 
purposes. MMLC provides the combination of RP and ion-exchange 
functionalities, which allows the simultaneous determination of analytes with 
extremely different properties (i.e. ionic, basic, acidic and neutral), so it is a 
promising technology for analyzing very polar chemicals. To reach this objective, 
a group of over 40 very polar model chemicals with different acid/base 
functionalities was employed for exploring the retention behavior and then a 
suspect screening approach was employed for detecting PMOC in different water 
samples, with several commercial and non-commercial accurate mass libraries. 
Some of the detected chemicals include well-known PMOC, as acesulfame, 
perfluorobutanoic acid, trichloropropyl phosphate or metformin, and some newly 
detected PMOC. Acknowledgements - This work is financed by MINECO 
(JPIW2013-117), in the frame of the collaborative international consortium 
(WATERJPI2013-PROMOTE) of the Water Challenges for a Changing World 
Joint Programming Initiative (Water JPI) Pilot Call. We also acknowledge the 
support of Xunta de Galicia (“Consolidación” funds) and FEDER. 
 
266 
Identification of persistent and mobile contaminants impacting raw and 
drinking waters 
D. Zahn; T. Frömel, T.P. Knepper, Hochschule Fresenius, University of Applied 
Sciences 
Highly polar organic substances may be able to penetrate natural and artificial 
barriers and are thus mobile in the water cycle. If these mobile organic 
contaminants (MOC) are persistent (PMOC) against microbiological and chemical 
degradation, their removal during waste water treatment and drinking water 
purification may prove difficult. When these substances are present in high 
concentrations, toxic or undergo toxication, problems for the aquatic environment 
and human health may arise. As a consequence of the lack of established 
analytical methods for MOC, only limited information about their occurrence and 
origin is available, which severely exacerbates the sophisticated monitoring and 
effective regulation of PMOC and their precursors. To identify potential PMOC, 
and thus begin to close this gap in knowledge we analysed 20 water samples form 
five European countries, including WWTP effluents, surface waters, ground 
waters and drinking waters. Two independent pre-treatment methods were 
deployed to ensure a broad coverage of potential PMOC for a subsequent 
HILIC-HRMS non-target screening. As sample pre-treatment methods 
evaporation and reconstitution and an SPE method utilizing WAX, WCX and 
GCB materials in one cartridge were performed. Thus the pre-concentration of the 
samples and the solvent exchange necessary for the sensitive analysis of water 
samples with HILIC-HRMS were achieved. Detected substances were prioritized 
based on their signal intensities and frequency of detection, whereby substances 
detected in drinking water were given the highest priority. To identify high 
priority substances, their fragmentation behaviour was investigated and H/D 
exchange was performed to further facilitate identification. Once a tentative 
identification was achieved, the fragmentation pattern as well as the retention time 
were compared with a reference substance, if available. If the comparison of 
fragmentation patterns was inconclusive or the fragmentation of a substance 
yielded only few or very common fragments, the retention times of the analyte 
and the reference substance were compared on a second column with a 
complementary selectivity to increase the confidence level of identification.  
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Pyrazole, a polar new emerging industrial contaminant 
E. Emke, A. Kolkman, D. Vughs, KWR Watercycle Research Institute; K.A. 
Baken, KWR Watercycle Research Institute / CWG; P. Bauerlein, KWR 
Watercycle Research Institute / Analytical and Environmental Chemistry; A. van 
Wezel, KWR Watercycle Research Institute / Chemical Water Quality and Health; 
P. de Voogt, University of Amsterdam / IBED 
In the Netherlands around 40% of the drinking water originates from surface 
water taken mainly from the river Rhine and Meuse. Therefore several early 
warning monitoring stations safeguard the quality of water taken in by an array of 
sensors, daphnia, algae, mussels and instrumental techniques like automated 
HPLC Diode Array Detection (DAD). The different monitoring stations employ a 
common best practice protocol HPLC-DAD screening, the so-called UV 
fingerprint screening which is performed daily. A uniform interchangeable 
UV-spectrum database helps to identify unknowns without the need for a 
standard. Known and unknown compounds are followed by using their retention 
time index, their UV spectrum, and internal standard equivalents. This summer a 
daphnia sensor and the mussel monitor were triggered in the river Meuse. A 
sample was measured by the UV fingerprint screening showing a large broad peak 
emerging with a relative short retention index (7.62) indicating a contaminant with 
a highly polar nature not present in the UV database. This resulted in a closedown 
of the water intake for the production of drinking water. The aim of this study was 
to identify this new emerging compound by hyphenating the HPLC-DAD to the 
LTQ-FT-Orbitrap-MS. Non-target screening LCMS is most often employing 
electro spray ionization (ESI) as an interface but the unknown compound could 
not be targeted by ESI and hence the switch was made to atmospheric chemical 
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