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PROOF OF CONCEPT FOR THE USE OF RAPTORS FOR BIOMONITORING CONTAMINANTS
PILOT STUDY
1. RATIONALE
The European Raptor Biomonitoring Facility (ERBFacility) aims to meet three needs – (1) enhancing evaluation of the effectiveness of regulation; (2) enhancing reliable risk assessment of chemicals; and (3) providing early warning of emerging contaminant problems – by using raptors as sentinels of environmental contamination.

ERBFacility will underpin next generation biomonitoring in Europe by delivering:

· complementary frameworks for a European Raptor Biomonitoring Scheme, a distributed European Raptor Specimen Bank and a European Raptor Sampling Programme;

· a meta database of samples;

· harmonised standards and protocols for analyses and sampling;

· best practice guidance for relevant types of sampling;

· a proof of concept for pan-European assessments and harmonised sampling.

The contribution of this pilot study to deliver proof of concept for the use of raptors for biomonitoring contaminants meets the following objectives addressed in the Memoradum of Understanding (MoU) of the COST-Action:

– C1 (b): To build capacity in the ‘analysis arena’ through networking and collaboration among ecotoxicologists, collaborating laboratories and regulators, through piloting joint assessment and reporting between collaborating labs to deliver proof of concept; and
– C3 (b): To build capacity in the ‘field arena’ through networking and collaboration among field ornithologists, raptor collections and ecotoxicologists, by testing the framework, standards and protocols in the field through networks of professionals and volunteers, to deliver proof of concept.

The MoU identifies as key innovation in tackling the challenge: proofs of concept for pan-European contaminant exposure (and, where feasible, effects) assessments using raptors, and for the practicality of pan-European field sampling schemes.

Relevant tasks (from the MoU):

T1.4, 2.4 Carry out pilot joint assessments and reporting for proof of concept

T4.5 Deliver proof of concept. This will involve, for a case study focal species, applying the framework, guidance and protocols to collect new raptor samples and contextual field data through existing and/or novel networks.

Relevant milestones (from the MoU):

M1.3., 2.3 Reviewing and building on output from STSMs 1 & 2, developing concept for pan-European assessment of: (1) priority contaminants (WG1) and (2) PPPs, biocides and medicinal products (WG2).

M1.8, 2.8 Development, with ECHA and EFSA, of proof of concept, reporting frameworks.

M4.10 Analysis of data from case study species as proof of concept for monitoring contaminant regulation outcomes with raptors.

Relevant deliverables (from the MoU):

D1.4, 2.4 Pilot reports, proof of concept and guidance for integration of findings into ECHA and EFSA risk assessments.

D4.5 Report on proof of concept.

2. OBJECTIVES OF THE PILOT STUDY – PROOF OF CONCEPT
The objectives of the Pilot Study are the following:
– to provide a quantitative measure of "recent pan-European" spatial variation in exposure to a selected small number of contaminants in one or a small number of related species

– to test and demonstrate the operation and sustainability of ERBF networks (ERBioMS, ERSpeB and ERSamP) and their value to future funders and participants

– to identify gaps in sources and quality of samples (ERSamP)

– to test the storage capacity, constraints and gaps identified by WG3 (ERSpeB)

– to identify gaps and variability in "quality" in analytical capability

– to test pathways of movement for samples and constraints at all stages

– to produce data to start to assess issues re-sample pooling, statistical power, uncertainty and required sample sizes for monitoring purposes

– to test and demonstrate transfer pathways (information/data flows/feedback etc) to all parts of the network

– to demonstrate temporal trends in contamination levels, in case the information obtained has a sufficient temporal coverage*

	Objectives that the study will NOT address
Demonstration of the best species to sample for particular contaminant types

Analyses for all contaminants

Demonstration of effects of contaminant(s)

[Demonstration of temporal trends]*


* There is some debate over whether the study should set out to demonstrate temporal variation in contaminant exposure, in addition to spatial variation, with concerns expressed over the likely inadequacy of sample sizes to give sufficient statistical power to detect temporal variation. Currently we consider that the study will be designed to demonstrate spatial variation but we can consider any potential to look at temporal changes dependent on the range of samples that can be obtained and analysed with the resources available.
3. CHOICE OF CONTAMINANT AND MATRIX TYPES
Metals (Hg, Pb) and rodenticides were defined as the two priority contaminant groups to consider.

Table 1. Focal contaminants to be considered in the pilot study.

	Contaminant
	Justification for selection
	Possible disadvantages
	Suitable (and ideal) matrix type

	Hg, Pb
	· Lots of labs have capacity;

· Relatively cheap to analyse;

· Established certified reference materials; 

· Could do both Hg and Pb simultaneously in most labs; 

· Both Pb (UNEP call to remove lead from ammunition and shot) and Hg (Minamata) are related to international conventions which means governments should be interested in levels in the environment; 

· Large numbers of existing studies with results; 

· If analysed by ICPMS then would get results for a whole suite of metals (lab provision for this would be widespread but they may not have the expertise in -house); 

· Some labs may also be able to do Pb isotope analyses
	Uncertainty – 

(a) would we expect pan-European spatial variation that could be demonstrated? We suggest for Pb that levels could be very variable. 

(b) also consider levels and % exposure of individuals - e.g. Hg found (at low levels) in blood of all vultures sampled. Hg deposited from atmosphere, so is likely to be more ubiquitous? 

Skateholders:

EFSA won't be interested - not their remit.  

ECHA - regulatory authority over both metals. Uncertainty over how high a priority these metals are for ECHA. Lead ammunitions are still under review. 
	Ideal LIVER/KIDNEY/BLOOD (only from active sampling in general). 

· Liver. Half-life for Pb ca. 40 days.
· Kidney. 50-90% of the body burden of Hg and half-time ca. 60 days).
· Whole Blood. Half-life in erythrocytes, 35 days for Pb and 15-30 days for Hg. Plasma and serum are not suitable samples!!!
Bones for Pb (lifetime exposure proxy measure). 
Brain for Hg (it would be useful for chronic exposure). In the case of active sampling.

Feathers also possible (exposure over period of growth?).Reference materials not available for feathers compared to other tissues. Need to standardise which feather tract to use. Cannot do ICP techniques for feathers (at least for Hg). 

PASSIVE - LIVER or KIDNEY (BONES not ideal for Hg). 

ACTIVE - blood; feathers. LIVER is the requirement additional information from bone (Pb) and kidney (Hg) FROM THE SAME ANIMAL.

	SGARs
	· Some labs have capacity (less than for metals); 

· Large numbers of existing studies with results (but perhaps less than for metals);

· Can analyse for 5 SGARs simultaneously. 

· ECHA (falls under biocides directive) very interested (to contribute to periodic review of compounds by EU) and recent mitigation options suggested to reduce risk of primary poisoning (but currently have no knowledge of secondary poisoning). 

· Member states vary widely in mitigation measures and therefore might expect much variation in levels across Europe.
	· Relatively expensive to analyse; 

· No established certified reference materials; 

· Challenges of standardising techniques for analysis; 

· Limits of quantification. 

· Much variation in sample weights required for analysis. 

· Marked variation with age expected.
	LIVER. Possible with blood but would result in much higher % negative results because of rapid turnover time.


4. SAMPLING DESIGN FEATURES
Table 2. Sampling design to be considered in the pilot study.
	Feature
	Rationale for selection of feature
	Disadvantages of suggested approach

	Based on 100 x 100 km grid squares
	Provides a framework for obtaining a practical number of samples for analysis from across Europe, setting target sample sizes to obtain according to land area of each country - good design for testing possibilities of obtaining samples from across Europe
	Sampling not stratified by e.g. spatial variation in abundance of focal species, but this is less important for proof of concept study objectives.
The spatial sampling in some countries may be difficult to achieve because of the low abundance of the species, so in order to reach a minimum sample size for the whole country some squares will need to be overrepresented (i.e. more than one individual per square).

	Select grid compatible with 50 x 50 km grid of EBCC Bird Atlas
	Access to contextual data on species populations
	

	Sampling period 2014-2019
	Sufficient period to demonstrate capacity to retrieve samples and data
	Retrospective survey, no standardised analytical technique and/or interlaboratory comparison


Figure 1. European grid of 100x100km UTM squares[image: image1.jpg]W,

Ve S




.
5. CHOICE OF SPECIES
Table 3. Candidate focal species for the pilot study.
	
	Tawny Owl

(Strix aluco)
	Common Kestrel (Falco tinnunculus)
	Common Buzzard

(Buteo buteo)
	Barn Owl

(Tyto alba)

	Distribution (Range)
	pan-European except very far north (but still in S of northern countries). Absent in Ireland and Iceland
	pan-European (not Iceland)
	pan-European (not Iceland)
	Missing from NE countries and mountains

	Migratory status
	Always resident over whole range
	Partially migratory (particularly N Europe and part of E)
	Partially migratory (particularly N Europe and part of E)
	Mostly resident but some regional and altitudinal movements

	Dietary comments (rodenticides)
	Generally, a rodent specialist but some birds (to S of range and/or bad seasons)
	Rodent specialist (except S of range - insects and reptiles)
	Generalist diet /scavenger (variable proportion of rodents/individual specialisms)
	Generally, a rodent specialist with some local exceptions

	Dietary comments (metals)
	Earthworm eater
	
	Scavenger - more likely to ingest Pb shot. Earthworm eater. 
	Eats shrews which eat earthworms

	Habitat comments
	Very broad. Anywhere with trees including urban areas
	Farmland and urban
	Very broad. Anywhere with trees
	Quite broad. Farmland, open woodland and rural settlements

	Advantages of this species
	
	
	Size = large organs!
	

	Disadvantages of this species
	Few nest box studies in southern part of range
	
	
	


Table 4. Number of squares in each country and number of squares with presence of the candidate focal species.
	Country
	100x100km squares
	Tawny owl
	Buzzard
	Kestrel
	Barn owl

	Turkey
	74
	40
	68
	70
	31

	France
	54
	54
	54
	54
	54

	Sweden
	47
	17
	35
	47
	0

	Spain
	44
	44
	44
	44
	44

	Germany
	35
	35
	35
	35
	35

	Italy
	30
	30
	30
	30
	26

	Poland
	30
	30
	30
	30
	28

	Finland
	30
	17
	28
	30
	0

	UK
	24
	23
	24
	24
	24

	Romania
	23
	23
	23
	23
	12

	Norway
	21
	14
	12
	21
	0

	Greece
	13
	13
	13
	13
	13

	Portugal
	11
	11
	11
	11
	11

	Bulgaria
	10
	10
	10
	10
	10

	Hungary
	10
	10
	10
	10
	10

	Serbia
	8
	8
	8
	8
	7

	Latvia
	8
	8
	8
	8
	0

	Austria
	7
	7
	7
	7
	2

	Czechia
	7
	7
	7
	7
	7

	Bosnia and Herzegovina
	7
	7
	7
	7
	6

	Ireland
	6
	0
	6
	6
	6

	Croatia
	6
	6
	6
	6
	4

	Slovakia
	6
	6
	6
	6
	6

	Lithuania
	6
	6
	6
	6
	2

	Switzerland
	5
	5
	5
	5
	5

	Denmark
	5
	5
	5
	5
	4

	Estonia
	4
	4
	4
	4
	0

	Belgium
	3
	3
	3
	3
	3

	Netherlands
	3
	3
	3
	3
	3

	Albania
	3
	3
	3
	3
	3

	Macedonia
	3
	3
	3
	3
	3

	Slovenia
	2
	2
	2
	2
	2

	Montenegro
	2
	2
	2
	2
	2

	TOTAL
	547
	456
	518
	543
	363

	Percentage
	
	83
	95
	99
	66


6. PASSIVE OR ACTIVE SAMPLING
Table 5. Potential sources of samples from the candidate species to be used in the pilot study.
	Type of sample
	Rationale for selection/advantages
	Disadvantages/problems

	Fresh carcasses (from roads, railways, powerlines, windows)
	Road ecology researchers and IENE network – Tawny owls and barn owls are frequent victims of road killing across Europe
	

	Fresh carcasses (from WRCs)
	WRCs receive many injured/dead raptors every year
	Individuals that have received treatment in WRC may not be suitable for ecotoxicological analyses (long treatment period)

	Existing samples from specimen banks/freezers
	Already available, no need to collect
	

	Windfarm carcasses
	
	

	Taxidermists
	
	Risk of contamination of samples

	Poisoned carcasses
	
	Being dealt with elsewhere in ERBF

	Blood samples from nestlings
	Most value around metals; 
	Not useful for rodenticides (episodic nature of exposure and rapid clearance)

	Blood samples from adults
	
	

	Deserted eggs
	Most value around Hg
	


Notes:

- If funding/resources can be found for for active sampling, do passive and active sampling for the same contaminants and same species

- Exclude clinically diseased/poisoned birds or birds retained in rehab centres for long periods

- It is crucial to know the location (even if approximate) of the sample/individual/carcass to include in the grid

- It is important to have the minimal information as contextual data (to be defined)

- Use whenever possible already available information (analysed/published data)

7. INFORMATION NEEDED TO FINALISE THE STUDY DESIGN
7.1. USE OF RETROSPECTIVE RAW DATA (e.g. 2000-2014)

- Review of existing raw data – ongoing reviews within ERBFacility – current and planned STSMs.

-The available published information could be retrieved with additional information about geographic reference of each sample from authors. Make this review for the 4 most likely focal species (Tawny owl, Coomon Buzzard, Common Kestrel, Barn Owl) and for Pb, Hg and SGARs.
7.2. ANALYSIS OF STORED OR NEW SAMPLES (e.g. 2015-2019) – SUGGESTED APPROACH
1. Send a questionnaire
 to labs and collections about the availability of stored samples. The information requested in an excel file should be the lab or collection name, country species (the 4 selected), location (municipality or coordinates), date of collection, available tissue (frozen liver, bone or whole carcass), sex and age (if possible), cause of death (give a fix number of categories
), ring number. The time lag between death and freezing of the samples.

2.  In the questionnaire, or by more personal contact, ask the labs about their willingness to participate in the analyses for the proof of concept. Types of analyses (Pb, Hg and SGARs) and number of samples that they could analyse (without any additional funding).

3. Send a questionnaire to groups working with live birds of the 4 species to know their interest in collecting blood samples from nestlings (or adults).

4. Finalise the selection of species and sampling protocols dependent on the findings above.  

�Chris W - Rafa still considers we should not omit this completely, so I have left it in and added a note to explain the slight differences of opinion over this.


�Ok for lead.


Scarce information exists on Hg in terrestrial raptors, then it would be possible to detect spatial differences too. That is why it would be necessary to identify possible sources of lead and mercury near each area where the samples were/will be collected or found.


�This is new.


The suitability of brain was discussed only briefly during the workshop. However, I have been thinking that it could be useful if active samplings are carried out.


�I do not understand this sentence.


�Rafa M - Another option is to ask just for the number of available samples, but at this point I think it is easier to ask for the list of animals. This should be the task of the STSM for the proof of concept. The review of the available data I think can be also a task for this person. The other STSM about these chemicals have a wider scope. 


�We have prepared a fixed number of categories for Irene’s Thesis.


�Concentrations of toxic compounds and elements in tissues could be influenced by carcass decomposition.


�Ok. But we have to be careful. I proposed we ought to coordinate the different questionnaires that are being prepared in the different STSMs. We should not fill labs and researchers with too many questionnaires asking for the same or similar questions.


�Chris W – this needs to come later I think, when we have some idea whether we will have the capacity within labs to also analyse live samples for comparison with those from carcasses?
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