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SUMMARY 

In order to achieve the aims of EURAPMON, and in agreement with the third 

immediate objective of EURAPMON, included as a part of the workpackage 5 (Best 

practice), it is necessary to spread best practices and build capacities in Europe for 

harmonised monitoring with raptors. A EURAPMON workshop focused on setting best 

practices on raptor contaminant monitoring activities in Europe (EURAPMON Work Package 

5) was held in Murcia (Spain) from Friday 31st May to Sunday 2nd June 2013. The 

objectives of the Workshop were to prepare a draft manuscript on best practices for pollutant 

exposure monitoring of raptors, to prepare a sampling protocol, and to complete a database 

on contaminant monitoring with raptors in Europe. The workshop covered a 3-days program 

including short presentations on the different documents (manuscript, protocol and 

database), small sessions to discuss the drafting text, and working session to polish the 

documents.  

This workshop was successful in meeting its objectives, bringing together a total of 10 

participants and a ESF representative from 6 European countries. A draft manuscript was 

developed in order to combine and evaluate the new knowledge collected on activities 

undertaken by multiple organisations across Europe for monitoring either raptor populations 

and/or contaminant levels in raptors. This manuscript will provide data about what kind of 

matrices are collected from raptor species and where are they collected, and will evaluate 

the applicability of different matrix samples and which compound groups should be targeted 

in monitoring studies. Participants agreed to send the manuscript to the Journal “Reviews of 

Environmental Contamination and Toxicology”, and the structure and contents to include in 

the manuscript on “Best practice for contaminant exposure monitoring with raptors” were 

established. The sessions with researchers also allowed prepare a sampling protocol or 

guidelines about good and best practice, since different matrix samples need appropriate 

sampling methods, transport and storage conditions that should be warranted by the 

different schemes. This protocol is specially designed to be used by the personnel in 

biomonitoring for raptors. In addition, the collaboration with researchers in the field of 

biomonitoring for raptors and the link to the inventory of their activities has revealed potential 

of samples to be collected and used for pan-European monitoring, and hence, to fill the gaps 

in terms of sampling. 
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1. SCIENTIFIC CONTENT  

1.1. INTRODUCTION AND OBJECTIVES 

 

Raptors were among the first wildlife species known to be affected by anthropogenic 

pollutants such as persistent organic pollutants (POPs) and metals (García-Fernández et al. 

2005; Mateo 2009; Ratcliffe 1970; Weech et al. 2003). Even though such legacy compounds 

have restricted usage or are banned in many countries, they are not readily degraded and 

their persistence results in continuing exposure of living organisms worldwide. There is also 

additional exposure to replacement products and other emerging pollutants that can, in 

addition to POPs and metals, cause adverse effects on the endocrine, immune, nervous and 

reproductive systems in both humans (Hatcher-Martin et al. 2012; Lutz et al. 1999; Yorifuji et 

al. 2008) and wildlife (Cortinovis et al. 2008; Fernie et al. 2005; Fernie et al. 2009; Frederick 

and Jayasena 2010; Mateo et al. 2003; Naidoo et al. 2009). 

The vulnerability of raptors to environmental contaminants is in part due to their high 

trophic position, resulting in accumulation of high levels of contaminants that are 

bioaccumulative and have biomagnification capacitiy (Furness 1993). The early observations 

on the impacts of organochlorine compounds on raptors spawned increasing numbers of 

subsequent analytical studies using raptor tissues and eggs and recognition that raptors can 

be powerful sentinels of environmental contamination (Rattner 2009; Sergio et al. 2005). As 

a result, they have been widely used in biomonitoring studies in several countries with the 

aim of assessing concentrations of environmental pollutants and understanding the effects 

that contaminants may cause in raptor populations. In Europe, there are a number of 

national biomonitoring programmes that use raptors as sentinel species, and an inventory of 

all such schemes in Europe has recently been compiled by the EURAPMON network 

(Gómez-Ramírez et al. submitted). In order to achieve European-wide monitoring of 

environmental contamination using raptors as sentinels, harmonised coordination and 

sharing and dissemination of best practices between existing and emerging schemes is of 

utmost importance in order to enhance the reliability, comparability and interoperability of 

outcomes. It is also necessary to obtain samples from European countries where, to the best 

of our knowledge, no biomonitoring schemes exist. This may be possible by obtaining 

samples from studies conducted to monitor raptor populations. An inventory of all such 

studies is also being compiled (Derlink et al. in preparation) and provides information on the 

types of biological samples routinely collected in such population monitoring studies.  

In order to achieve the aims of EURAPMON, and in agreement with the third 

immediate objective of EURAPMON, included as a part of the workpackage 5 (Best 
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practice), it is necessary to spread best practices and build capacities in Europe for 

harmonised monitoring with raptors. In this sense, the expected outcome from workpackage 

5 is EURAPMON Outcome 3: “Best practice guidelines and protocols available on web (and 

possibly in print), including for: fieldwork, sampling, preparation, analyses, etc. building on 

existing best practice guidance”. Therefore, it is necessary to prepare a manuscript in order 

to combine and evaluate the new knowledge collected on activities undertaken by multiple 

organisations across Europe for monitoring either raptor populations and/or contaminant 

levels in raptors. Consequently, the manuscript will provide data about what kind of matrices 

are collected from raptor species and where are they collected, and will evaluate the 

applicability of different matrix samples, and which compound groups should be targeted in 

monitoring studies. In addition, a protocol or guidelines about good and best practice is 

needed since different matrix samples need appropriate sampling methods, transport and 

storage conditions that should be warranted by the different schemes. 

A EURAPMON workshop focused on setting best practices on raptor contaminant 

monitoring activities in Europe (EURAPMON Work Package 5) was held in Murcia (Spain) 

from Friday 31st May to Sunday 2nd June 2013. The objectives of the Workshop were:  

 To prepare a draft manuscript on best practices for pollutant exposure monitoring of 

raptors. Special attention was paid into the discussion about the structure of the manuscript 

and the journal where it should be sent, and the agreement about what information should 

be included in each section of the manuscript. 

 To prepare a sampling protocol able to be adapted to different species, countries and 

user needs, especially designed to be used by the personnel in biomonitoring for raptors.  

 To complete a database on contaminant monitoring with raptors in Europe, including 

information about studied species, geographical area, type and number of samples, 

concentrations of contaminants, aim of the studies and references.  

1.2. MATERIAL AND METHODS 

Prior to the workshop, published literature was reviewed and 3 draft documents were 

prepared during Dr. Silvia Espín stay in the Norwegian Institute for Air Research in Tromsø 

(Norway), under the supervision of Dr. Dorte Herzke and working through teleconferences 

with her other supervisors in United Kingdom (Prof. Richard Shore) and Spain (Prof. Antonio 

J García-Fernández and Dr. Emma Martínez-López). In this sense, a draft manuscript 

structure on “Best Practices for Pollutant Exposure Monitoring of Raptors” was written to use 

as base during the workshop, including basic information that should be addressed in the 
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different sections. In addition, a draft protocol on “Sampling and Contaminant Monitoring” 

and a database with information from published literature concerning pollutant monitoring in 

raptors were prepared to be used as preparatory material for the workshop. These 

documents were distributed to the participants before the workshop. 

The workshop covered a 3-days program (see annex 1) including short presentations 

on the different documents (manuscript, protocol and database), small sessions to discuss 

the drafting text, and working session to polish the documents. According to the program 

(see annex 1), Prof. Antonio J. García-Fernández and Dr. Emma Martínez-López presented 

the inaugural session on Friday morning. Dr. Silvia Espín presented the different sections of 

the draft manuscript, the draft protocol and the database to the participants on Friday and 

Saturday morning. After each presentation, participants discussed about the structure and 

content and proposed new references that should be included. During Saturday afternoon 

and Sunday morning, working sessions were developed to add the information discussed 

previously and to polish and complete the draft manuscript and protocol. Finally, Prof. 

Antonio J. García-Fernández presented a closing session to the participants. 

1.3. RESULTS AND DISCUSSION 

1.3.1. Manuscript  

 The proposed title of the manuscript is “Best practice for contaminant exposure 

monitoring with raptors”. Participants agreed to send the manuscript to the Journal “Reviews 

of Environmental Contamination and Toxicology”. The manuscript is structured as follows: 

1. Introduction and objective 

In this section we introduce the reader into the matter. The section contains 

information about raptors as first wildlife species known to be affected by anthropogenic 

pollutants, providing some case studies as examples. The presence of different compounds 

in the ecosystems, how species and populations are exposed, and the adverse effects on 

health are also presented. In addition, information about raptors as good sentinels of 

environmental pollution and why raptors are use in biomonitoring studies is provided. 

The aim of the manuscript is to combine and evaluate the new knowledge collected on 

activities undertaken across Europe for monitoring either raptor populations and/or 

contaminant levels in raptors (Gómez-Ramírez et al. submitted; Derlink et al. in preparation). 

We use that information to provide data about what kind of matrices are collected from raptor 

species and where are they collected. In this sense, it has to be kept in mind that each 

sample matrix may provide different information and not all the samples collected are 
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suitable for biomonitoring depending on the objective and the compound(s) to be targeted. 

Therefore, this paper evaluates the applicability of different matrix samples, proposing the 

ideal target tissues for a specific compound analysis, and which compound groups should be 

targeted in monitoring studies. For this purpose, this paper is also based on a review of the 

available literature on contaminant monitoring in raptors from Europe.  

2. Choice of matrices 

This section is based on the information of two different questionnaries on inventory of 

existing monitoring, one focused on the health of raptor populations themselves and other 

focused on what raptors can tell us about the environment (Gómez-Ramírez et al. submitted; 

Derlink et al. in preparation). In order to provide real data about what matrix samples are 

collected and where are they collected by different schemes around Europe by personnel 

form both monitoring areas, we have combined data of these two different questionnaires. A 

total of 281 different monitoring schemes from 35 countries have sent their questionnaires, 

and 33 countries collect samples of raptors in Europe. United Kingdom, Sweden and Italy 

are the countries with the highest number of schemes collecting samples of raptors in 

Europe. Of the countries that have sent their questionnaires, samples of raptors are not 

collected in Luxembourg and Serbia. In addition, to our knowledge, there is no sampling 

collection in other European countries such as Greece, Lithuania, Albania, Moldova, 

Macedonia and Montenegro, but questionnaires have not been received from these 

countries. The questionnaire results revealed that feathers and eggs are the most frequently 

collected samples by the different European schemes (35.6 and 32.4 % of schemes collect 

feathers and eggs, respectively), followed by food remains (28.8%), pellets (23.5%), internal 

tissues (22.1%), blood (19.2%), and finally preen oil (2.1%). 

This section is subdivided in (i) invasive sampling (blood, plasma and serum, and 

feathers), (ii) non-invasive sampling (addled or deserted eggs and internal tissues), and (iii) 

other samples (regurgitated pellets, crop content, excrements, preen oil, and nails). Here we 

include information about how many schemes collect each kind of sample, which countries 

collect each kind of sample, and pros and cons about the use of each type of matrix. We 

also provide tables and maps to provide numbers and indicate where each kind of sample is 

collected. 

3. Compounds to be analysed in each type of sample 

This section is based on a literature review about monitoring of pollutants in raptors 

from Europe. A database with detailed information about the published literature reviewed 

will be included on the EURAPMON webpage (http://www.eurapmon.net), and a summary of 

http://www.eurapmon.net/
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this database is presented in a table in the manuscript. We put special attention about which 

contaminants should be analysed. The section is subdivided into the different compound 

groups: persistent organic pollutants (POPs), poly- and perfluoroalkyl substances (PFASs), 

metals, pharmaceuticals and personal care products, and anticoagulant rodenticides. We 

provide information about which samples are most frequently used in monitoring studies, 

why these matrices are used taking into account the toxicokinetic of each compound group, 

and benefits and uncertainties on the use of the different matrices for each compound group. 

Here we also provide a table on recommendations about the matrices to be used to analyse 

the different compound groups for pan-European monitoring schemes. 

4. Conclusions 

Finally we include a chapter with missing information and gaps in monitoring studies, 

and recommendations and suggestions for the future. 

1.3.2. Sampling Protocol  

Different matrices need appropriate sampling methods, transport and storage 

conditions that should be warranted by the different schemes. Then, the aim of the sampling 

protocol is to provide a guide that may help to homogenize, share and disseminate best 

practices between existing and emerging schemes in order to enhance the reliability, 

comparability and interoperability of data.  

This protocol starts with an introduction and general guidelines that should be 

considered during sampling. These guidelines include recommendations in order to avoid 

stress of the animals and external contamination of the samples. Then, a section about basic 

data that should be reported is presented, including date of sampling, studied area, species, 

identifications, age, gender, morphometric measurements, body condition index, samples 

and number of samples collected, productivity of the nest, information of the species and 

other observations. Then, the protocol is structured in different sections corresponding to the 

different matrices, i.e. blood, feathers, eggs and internal tissues. For each matrix, 

information about sampling, transport, pre-treatment of samples, storage, and 

characterization of samples is provided. In addition, several references, figures and tables 

are provided in the document to show how to take samples and how to measure some 

parameters.  

This protocol will be freely available in the EURAPMON webpage (www.eurapmon.net) 

and it will be send to all EURAPMON members to be distributed among research groups and 

institutions in each country. 

http://www.eurapmon.net/
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1.3.3. Database  

A database with information on published literature on contaminant monitoring in 

raptors from Europe has been developed during the last years by the personnel of the 

research group “Toxicology and Forensic Veterinary Medicine” (E008-12) of the University of 

Murcia. The database includes information on year and sampling area, species studied, 

number of samples collected, tissues analysed, concentrations of organochlorine 

compounds and metals, aim of the study and references. 

The list of references includes in the database (more than 150 references) has been 

provided to the workshop participants in order to check if there is missing information. Dr. 

Silvia Espín has received the new references suggested by participants in order to include 

them and improve the database. This database will be available in the EURAPMON 

webpage (www.eurapmon.net). 

2. ASSESSMENT OF RESULTS AND IMPACT ON FUTURE DIRECTION OF 

THE FIELD 

This workshop was successful in meeting its objectives, bringing together a total of 10 

participants and a ESF representative from 6 European countries (Belgium, France, 

Germany, The Netherlands, Norway and Spain) (see annex 2). A draft manuscript was 

developed in order to combine and evaluate the new knowledge collected on activities 

undertaken by several organisations across Europe for monitoring either raptor populations 

and/or contaminant levels in raptors. This manuscript will provide data about what matrices 

are collected from raptor species and where are they collected, and will evaluate the 

applicability of different matrix samples and which compound groups should be targeted in 

monitoring studies. The sessions with researchers have allowed establish the structure and 

content that should be included in the manuscript on “Best practice for contaminant 

exposure monitoring with raptors”. During the workshop, a sampling protocol or guidelines 

about good and best practice was also prepared, since different matrix samples need 

appropriate sampling methods, transport and storage conditions that should be warranted by 

the different schemes. This protocol is specially designed to be used by the personnel in 

biomonitoring for raptors. In addition, the collaboration with researchers in the field of 

biomonitoring for raptors and the link to the inventory of their activities has revealed potential 

of samples to be collected and used for pan-European monitoring, and hence, to fill the gaps 

in terms of sampling. 

 

After the workshop, Dr. Silvia Espín is doing a stay in the Centre for Ecology and 

Hydrology in Lancaster (United Kingdom), supervised by Prof. Richard F. Shore. During the 

http://www.eurapmon.net/
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stay, Dr. Silvia Espín is working on delivering the outputs from the workshop. This involved 

shaping the paper and contents with Prof. Richard Shore and working through 

teleconferences with Dr. Dorte Herzke, Dr. Emma Martínez-López and Prof. Antonio J 

García-Fernández. The manuscript is still in progress but a first draft is currently being 

circulated between participants. We hope to submit the paper for publication later in 2013 to 

“Reviews of Environmental Contamination and Toxicology”. Dr. Silvia Espín has already 

been in discussions with the editor of the journal to confirm that the topic of the paper is 

within scope. The protocol and database is currently being updated to be available in the 

EURAPMON webpage. 



10 
 

REFERENCES 

Cortinovis, S., Galassi, S., Melone, G., Saino, N., Porte, C., and Bettinetti, R. (2008). 
Organochlorine contamination in the Great Crested Grebe (Podiceps cristatus): effects on 
eggshell thickness and egg steroid levels. Chemosphere 73, 320–325. 

Fernie, K.J., Mayne, G., Shutt, J.L., Pekarik, C., Grasman, K.A., Letcher, R.J., and 
Drouillard, K. (2005). Evidence of immunomodulation in nestling American kestrels (Falco 
sparverius) exposed to environmentally relevant PBDEs. Environ. Pollut. Barking Essex 
1987 138, 485–493. 

Fernie, K.J., Shutt, J.L., Letcher, R.J., Ritchie, I.J., and Bird, D.M. (2009). Environmentally 
relevant concentrations of DE-71 and HBCD alter eggshell thickness and reproductive 
success of American kestrels. Environ. Sci. Technol. 43, 2124–2130. 

Frederick, P., and Jayasena, N. (2010). Altered pairing behaviour and reproductive success 
in white ibises exposed to environmentally relevant concentrations of methylmercury. Proc. 
R. Soc. B Biol. Sci. rspb20102189. 

Furness, R.W. (1993). Birds as monitors of pollutants. In Birds as Monitors of Environmental 
Change, (London, UK: Chapman and Hall), pp. 86–143. 

García-Fernández, A.J., Romero, D., Martínez-López, E., Navas, I., Pulido, M., and María-
Mojica, P. (2005). Environmental Lead Exposure in the European Kestrel (Falco tinnunculus) 
from Southeastern Spain: The Influence of Leaded Gasoline Regulations. Bull. Environ. 
Contam. Toxicol. 74, 314–319. 

Gómez-Ramírez, P., Shore, R.F., Van den Brink, N.W., Van Hattum, B., Bustnes, J.O., 
Duke, G., Fritsch, C., García-Fernández, A.J., Helander, B., Jaspers, V., et al. (submitted). 
The first inventory of existing raptor contaminant monitoring activities in Europe. 

Hatcher-Martin, J.M., Gearing, M., Steenland, K., Levey, A.I., Miller, G.W., and Pennell, K.D. 
(2012). Association between polychlorinated biphenyls and Parkinson’s disease 
neuropathology. Neurotoxicology 33, 1298–1304. 

Korpimäki, E., Norrdahl, K., and Korpimaki, E. (1991). Do Breeding Nomadic Avian 
Predators Dampen Population Fluctuations of Small Mammals? Oikos 62, 195. 

Lutz, P.M., Wilson, T.J., Ireland, J., Jones, A.L., Gorman, J.S., Gale, N.L., Johnson, J.C., 
and Hewett, J.E. (1999). Elevated immunoglobulin E (IgE) levels in children with exposure to 
environmental lead. Toxicology 134, 63–78. 

Mateo, R. (2009). Lead poisoning in wild birds in Europe and the regulations adopted in 
different countries. In Ingestion of Lead from Spent Ammunition: Implications for Wildlife and 
Humans., (Boise, Idaho, USA.: The Peregrine Fund),. 

Mateo, R.W., Beyer, W.N., Spann, J.W., Hoffman, D.J., and Ramis, A. (2003). Relationship 
between oxidative stress, pathology, and behavioral signs of lead poisoning in mallards. J. 
Toxicol. Environ. Health A 66, 1371–1389. 

Naidoo, V., Wolter, K., Cuthbert, R., and Duncan, N. (2009). Veterinary diclofenac threatens 
Africa’s endangered vulture species. Regul. Toxicol. Pharmacol. Rtp 53, 205–208. 

Pain, D.J., Cromie, R.L., Newth, J., Brown, M.J., Crutcher, E., Hardman, P., Hurst, L., 
Mateo, R., Meharg, A.A., Moran, A.C., et al. (2010). Potential Hazard to Human Health from 



11 
 

Exposure to Fragments of Lead Bullets and Shot in the Tissues of Game Animals. Plos One 
5, e10315. 

Paz, A., Jareño, D., Arroyo, L., Viñuela, J., Arroyo, B., Mougeot, F., Luque-Larena, J.J., and 
Fargallo, J.A. (2013). Avian predators as a biological control system of common vole 
(Microtus arvalis) populations in north-western Spain: experimental set-up and preliminary 
results. Pest Manag. Sci. 69, 444–450. 

Ratcliffe, D.A. (1970). Changes attributable to pesticides in egg breakage frequency and 
eggshell thickness in some British birds. J. Appl. Ecol. 7, 67–115 pp. 

Rattner, B.A. (2009). History of wildlife toxicology. Ecotoxicol. Lond. Engl. 18, 773–783. 

Sergio, F., Newton, I., and Marchesi, L. (2005). Conservation: Top predators and 
biodiversity. Nature 436, 192–192. 

Shore, R.F., Osborn, D., Wienburg, C.L., Sparks, T.H., Broughton, R., and Wadsworth, R. 
(2005). Potential modifications to the Predatory Bird Monitoring Scheme (PBMS): second 
report. (Peterborough, UK: Joint Nature Conservation Committee). 

Weech, S.A., Wilson, L.K., Langelier, K.M., and Elliott, J.E. (2003). Mercury residues in livers 
of bald eagles (Haliaeetus leucocephalus) found dead or dying in British Columbia, Canada 
(1987-1994). Arch. Environ. Contam. Toxicol. 45, 562–569. 

Yorifuji, T., Tsuda, T., Takao, S., and Harada, M. (2008). Long-term exposure to 
methylmercury and neurologic signs in Minamata and neighboring communities. 
Epidemiology 19, 3–9. 

 

 



12 
 

ANNEX 1: PROGRAM 

FRIDAY 31ST MAY 2013 

  Session/Topic Chair/Presenter 

9:30-11:00 Reception of participants-Registration   

11:00-11:30 Coffee   

11:30-12:30 Presentation of the Workshop 
Prof. Antonio J. García-Fernández/ 
Dr. Emma Martínez-López 

12:30-14:00 Lunch   

14:00-15:30 
Presentation of INTRODUCTION and MATERIAL AND 
METHODS sections Dr. Silvia Espín 

15:30-16:00 Coffee break   

16:00-19:00 

Presentation of RESULTS AND DISCUSSION section 
Part 1 and 2: What samples do we have? and What 
do we know about these samples? 

Dr. Oliver Krone/ 
Dr. Silvia Espín 

20:00 Dinner   

   SATURDAY 1ST JUNE 2013 

  Session/Topic Chair/Presenter 

8:30-9:00 Coffee   

9:00-11:00 

Presentation of RESULTS AND DISCUSSION section 
Part 3: Which contaminant groups can be analysed in 
each sample? 

Prof. Antonio J. García-Fernández/ 
Dr. Silvia Espín 

11:00-11:30 Coffee break   

11:30-13:00 Presentation of PROTOCOL and DATABASE 
Dr. Bert van Hattum/ 
Dr. Silvia Espín 

13:00-14:00 Lunch   

14:00-16:00 Working sessions   

16:00-16:30 Coffee break   

16:30-19:30 Working sessions   

20:00 Dinner   

   SUNDAY 2ND JUNE 2013 

  Session/Topic Chair/Presenter 

8:30-9:00 Coffee   

9:00-10:00 
Feedback from Working groups: What samples do we 
have? What do we know about these samples? 

Dr. Veerle Jaspers/ 
Dr. Silvia Espín 

10:00-11:00 
Feedback from Working groups: Which contaminant 
groups can be analysed in each sample?  Dr. Silvia Espín 

11:00-11:30 Coffee break   

11:30-12:30 
Feedback from Working groups: Protocol and 
Database Dr. Silvia Espín 

12:30-13:15 Future activities  Prof. Antonio J. García-Fernández 

13:15-13:30 Final remarks   

13:30-14:30 Lunch   
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Institute for Environmental Studies 
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The Netherlands  
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igor.eulaers@ua.ac.be 

 Clémentine Fritsch 

Chrono-Environnement 
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France 
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