
Mercury, Lead and Copper in Feathers and Excreta of Small
Passerine Species in Relation to Foraging Guilds and Age
of Feathers

Claudio Leonzio Æ Nicola Bianchi Æ Marco Gustin Æ
Alberto Sorace Æ Stefania Ancora

Received: 9 February 2009 / Accepted: 15 May 2009 / Published online: 19 September 2009

� Springer Science+Business Media, LLC 2009

Abstract In the present study excreta and feathers of five

species of adult passerine birds from Montepulciano wet-

land (Siena, Italy) were assayed for trace elements between

January and August 2006. Lead concentrations varied from

16.31 to 26.50 mg/kg and were found strictly related to the

age of feathers. Copper levels were found to be high

mainly in insectivorous birds (9.68 mg/kg) and were

probably influenced by local use of copper-based agricul-

tural fungicides. Mercury accumulation in feathers varied

between species from 0.08 to 0.73 mg/kg. The role of

feeding habits on trace elements levels in feathers and

excreta is discussed.
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In the last few decades feathers have been widely used as

non destructive materials for monitoring exposure of birds

to heavy metals (Furness and Greenwood 1993). According

to Burger (1993) metal accumulation in feathers is the sum

of endogenous and predominantly exogenous processes, the

latter due to preening and direct contamination from the

environment (dry and wet deposition, sand, dust, immersion

in water, contact with soil and vegetation; Weyers et al.

1988; Furness and Greenwood 1993; Burger 1993; Jaspers

et al. 2004). The endogenous fraction in feathers comes

from metals in the bloodstream incorporated in keratin

during its formation (Burger 1993; Weyers 1986).

Various authors have postulated that cadmium and lead

in feathers are mostly exogenous while mercury is

endogenous, indicating bioavailability of mercury in food

webs (Hahn et al. 1993; Furness and Greenwood 1993).

The first studies of contaminants such as heavy metals in

excreta and guano were conducted in colonial sea birds

(Petit and Altenbach 1983) and subsequently extended to

other species of birds and mammals. Other studies used

excreta of nestlings and adults of various species of birds to

assess relations between metal levels and diet, monitoring

trace elements and heavy metals on local, regional and

global scales (Dauwe et al. 2004).

Levels of trace elements in feathers and excreta are

sufficient to enable good detection and the use of these

materials minimizes disturbance to populations and indi-

viduals (non destructive sampling), permitting easy repe-

tition of sampling in time and over wide geographical areas

(Leonzio and Massi 1989).

In the present study, excreta and feathers of five species

of passerine birds were collected in a central Italian wet-

land and assayed for mercury, copper and lead, in order to

investigate relationships between these metals and species

ecology (foraging guild) and the influence of age of

feathers on accumulation processes.

Materials and Methods

The study area included the lake of Montepulciano and

neighbouring farmland in Val di Chiana (southeastern part
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of Siena Province, Tuscany, adjacent to Umbria; Fig. 1).

The lake has an area of 400 ha, 90 ha of which is open

water and the rest cane thicket, reed beds and other vege-

tation. Much of the basin is farmed, producing high yields

of cereals, vegetables, fruit (apples and peaches), olives

and quality wines. Cultivation of grapes and olives is

widespread in northern Val di Chiana and the rest of the

valley.

Feathers of yellow wagtail (Motacilla flava), Cetti’s

warbler (Cettia cetti), Italian sparrow (Passer italiae),

Eurasian tree sparrow (Passer montanus) and reed bunting

(Emberiza schoeniclus) were sampled between January and

August 2006 during a banding campaign. A primary remex,

a secondary remex and excreta were obtained from each

bird. Italian sparrow, Eurasian tree sparrow, reed bunting,

yellow wagtail and Cetti’s warbler were caught in mist nets

in a Phragmites australis thicket on the edge of the lake.

The species were classified in foraging guilds according

to information in Cramp and Simmons (1989; Table 1).

It was assumed that levels of certain trace elements in

feathers are influenced by atmospheric deposition and

contact with the environment and therefore that the expo-

sure time of feathers varies with feather age (Weyers et al.

1988). The species were grouped according to exposure

time (in days) counted from the end of the previous moult

to the date of sampling (Table 1).

The feathers were later brushed and cleaned with an air

jet to remove gross particulate (rock particles) according to

Bianchi et al. (2008), as classic cleaning methods with

deionized water and/or acetone may partially remove the

exogenous fraction (Weyers et al. 1988).

Aliquots (about 0.1 g) of lyophilized feathers and

excreta were placed in teflon containers; 2 mL nitric acid

and 0.5 mL hydrogen peroxide were added for minerali-

zation. The containers were sealed and maintained at

160�C for 12 h. The clear solutions obtained were trans-

ferred to plastic tubes and made up to 10 mL with milli-Q

water. Mercury, copper and lead were assayed in these

solutions. A blank was included in each analytical series to

verify reagent purity, as well as six tests of reference

material with concentrations certified by the Community

Bureau of Reference to determine analytical accuracy

(Bovine Liver no. 1377b, NIST Standard Reference

Material). Recovery on Certificate vary from 89% to 94%

and instrumental detection limits are 0.001 mg/L for lead

and mercury and 0.040 mg/L for copper.

Metal concentrations were calculated by the external

addition method: graded quantities of a solution containing

known concentrations of the metals to be analysed were

added to equal aliquots of the same sample.

A Perkin Elmer Analyst 700 atomic absorption spec-

trophotometer with graphite furnace for lead analysis, a

Perkin Elmer Analyst 400 atomic absorption spectropho-

tometer with cold vapour technique for mercury analysis, a

Perkin Elmer OPTIMA 5300 DV ICP plasma emission

spectrometer for copper analysis, were used.

Differences between and within groups were tested by

the Mann–Whitney U test and Kruskal–Wallis test. Cor-

relations between exposure time and heavy metal concen-

trations were analysed by the Spearman correlation test

(StatSoft Inc. 1984–2000).

Results and Discussion

Figure 2 shows mercury concentrations in feathers of five

species of passerine birds. The concentrations found in reed

buntings, Italian sparrows and tree sparrows were similar to

Fig. 1 Sampling site: Montepulciano lake in Tuscany (Italy)

Table 1 Classification of

species on the basis of exposure

time of feathers and foraging

guild

Species n Date of sampling Foraging guild Exposure time (days)

Tree sparrow (Passer montanus) 5 20-07-2006 Omnivorous 321

Cetti’s warbler (Cettia cetti) 10 01-12-2005 Insectivorous 105–137

Reed bunting (Emberiza schoeniclus) 10 17-01-2006 Granivorous

Italian sparrow (Passer italiae) 4 15-01-2006 Omnivorous

Tree sparrow (Passer montanus) 5 10-12-2005 Omnivorous 46–67

Italian sparrow (Passer italiae) 5 08-12-2005 Omnivorous

Yellow wagtail (Motacilla flava) 5 20-07-2006 Insectivorous Moulting
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those encountered in other omnivorous/granivorous

passerines sampled in areas not subject to mercury con-

tamination (Jaspers et al. 2004; Swaileh and Sansur 2006).

Comparison with species in different foraging guilds

(Fig. 2) showed that reed buntings had significantly higher

concentrations of mercury than Eurasian tree sparrows

(U = 2, p \ 0.01) and Italian sparrows (U = 3, p \ 0.01).

The insectivorous yellow wagtail and Cetti’s warbler

showed higher levels of mercury than granivorous and

omnivorous species (Fig. 2). They frequent wetlands

(Cramp and Simmons 1989) and mainly feed on aquatic

invertebrates. The bioavailability of mercury is increased

by methylation and biomagnification in the food chain.

Concentrations of lead in the five species were similar to

those reported in other insectivorous passerines in an-

thropized areas (Nam et al. 2003). Considering age of

feathers as an indicator of exposure time, lead concentra-

tions showed a positive correlation with this parameter

(r = 0.4; p \ 0.01) and species that had moulted less

recently showed significantly higher concentrations

(Table 2). This indicates that lead levels increase with

increasing exposure time of feathers.

Concentrations of copper (Fig. 3) did not seem related

to exposure time. No significant differences were found

between groups except the 321-day exposure group and the

46–67-day and 105–137-day exposure groups (Table 2).

Copper concentrations were high and could not be due

solely to incorporation during feather formation since

ingested copper is mostly excreted and the rest accumulates

in liver and kidneys (Skrivan et al. 2005). The high con-

centrations of copper in feathers of the five species could

be due to exogenous contamination, particularly contact

with copper-contaminated vegetation or soil. Indeed, cop-

per is widely used as a fungicide for vines and olive trees in

the study area (Calvino et al. 2008).

Comparison of lead and copper concentrations in

feathers of two groups of Italian sparrows with different

exposure times did not reveal significant differences, pre-

sumably because the difference in exposure time was small

(about 40 days; Fig. 4). A highly significant difference

(U = 0; p \ 0.01; Fig. 4) between the two groups of

Eurasian tree sparrows was found for lead but not copper.

In this case, exposure times differed by 270 days (50 and

320 days; Fig. 4), demonstrating a relationship between

exposure time and lead levels in feathers.

In excreta mercury concentrations of the five species

were close to analytical detection limits and differences

between species were not significant (Fig. 5). This is not

surprising because methylmercury, the main bioavailable

form of mercury in the environment, mostly accumulates in

liver, muscle, nerve tissue and keratinized structures such as

feathers, while renal and bile excretion is limited. Methyl-

mercury binds strongly to feathers and is eliminated effi-

ciently during moulting (Scheuhammer 1987). Such low

levels of mercury in excreta probably indicate low exposure

of the species to inorganic mercury (Scheuhammer 1987).

Concentrations of lead in excreta of the five species

(Fig. 6) were similar to levels encountered in other small

passerines from areas not contaminated by heavy metals

(Dauwe et al. 2004). Significantly higher lead concentra-

tions were found in excreta of omnivorous/granivorous

Italian sparrows and insectivorous yellow wagtails (Fig. 6;

Kruskal–Wallis test: H = 17; p \ 0.01). These species also

feed on soil invertebrates (anellids; Cramp and Simmons

1989) which may transmit lead from soil to predators.

Fig. 2 Mercury concentrations (mean ± SD, mg/kg dry weight) in

feathers of five species of birds (* and ** significantly high

concentration, Mann–Whitney test: * = p \ 0.05; ** = p \ 0.01)

Table 2 Comparison of copper and lead concentrations in feathers in relation to exposure time of feathers (U Test)

Different exposure time (day) compared U test

Copper Lead

321 days (n = 5) Moulting (n = 5) Not significant U = 0; p \ 0.01

321 days (n = 5) 46–67 day (n = 10) U = 6; p \ 0.05 U = 1; p \ 0.01

321 days (n = 5) 105–137 day (n = 25) U = 0; p \ 0.01 U = 13; p \ 0.01

105–137 days (n = 25) Moulting (n = 5) Not significant U = 23; p \ 0.05

105–137 days (n = 25) 46–67 day (n = 10) Not significant Not significant

46–67 days (n = 10) Moulting (n = 5) Not significant U = 2; p \ 0.01
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Concentrations of copper in excreta of Cetti’s warblers

(68.10 ± 24.5 mg/kg d.w.) and yellow wagtails (94.12 ±

58.47 mg/kg d.w.) were extremely high and similar to

levels encountered in passerines from areas severely pol-

luted with heavy metals (Dauwe et al. 2004). This indicates

that the wetland and lake surroundings are contaminated

with copper, presumably due to its use as fungicide for

olives, fruit trees and vines (Commission Regulation (EC)

No 473/2002), widely cultivated throughout the munici-

pality of Montepulciano.

Copper used in fungicides not only falls as aerosol on

vines but also on other plants and animals in the vicinity.

Many species of invertebrates that live in vineyards and

farmland around the lake are therefore exposed to copper

contamination by wet deposition during spraying and

through accumulation of the bioavailable fraction of copper

(Snyman et al. 2005; Eijsackers et al. 2005). Copper

accumulating in invertebrates can be transmitted to certain

insectivorous birds. Indeed, copper levels were signifi-

cantly higher in insectivorous (Cetti’s warblers and yellow

wagtail) than granivorous and omnivorous birds [Kruskal–

Wallis, (H(4, N = 44) = 25; p \ 0.01; Fig. 7)].

Fig. 3 Concentrations of lead and copper (mean ± SD, mg/kg dry

weight) in feathers of five passerine bird species in relation to interval

between sampling and moult, namely exposure time of feathers

Fig. 4 Comparison of lead and copper concentrations (mean ± SD,

mg/kg dry weight) in feathers of groups of Italian sparrows and tree

sparrows with different exposure times (* = significantly high

concentration, Mann–Whitney test p \ 0.01)

Fig. 5 Mercury concentrations (mean ± SD, mg/kg dry weight) in

excreta of five passerine bird species

Fig. 6 Lead concentrations (mean ± SD, mg/kg dry weight) in

excreta of five passerine bird species (* = significantly high concen-

tration, Kruskal–Wallis test p \ 0.01)

Fig. 7 Copper concentrations (mean ± SD, mg/kg dry weight) in

excreta in relation to foraging guild (* = significantly high concen-

tration, Kruskal–Wallis test p \ 0.01)
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The present data suggests that copper and lead con-

centrations in feathers of the five species of passerine birds

are largely of exogenous origin. Indeed, lead concentra-

tions were found to be correlated with age of feathers and

presumably therefore with exposure time, whereas copper,

concentrations of which were very high, seemed to be

influenced by contact with vegetation or soil contaminated

with copper-based agricultural fungicides. Mercury showed

a different pattern and was probably influenced more by

foraging guild and thus by ingested mercury.

In excreta, lead levels were higher in species (yellow

wagtail and Italian sparrow) whose diet included soil

invertebrates (anellids) that are known to transmit lead

from the soil to higher consumers. Copper levels in excreta

were very high and similar to those reported in passerines

from environments contaminated by heavy metals. The

highest copper concentrations were found in insectivorous

birds yellow wagtail and Cetti’s warbler that presumably

ingest copper sprayed as agricultural fungicide.

References

Bianchi N, Ancora S, di Fazio N, Leonzio C (2008) Cadmium, lead,

and mercury levels in feathers of small passerine birds:

noninvasive sampling strategy. Environ Toxicol Chem

27:2064–2070. doi:10.1897/07-403.1

Burger J (1993) Metals in avian feathers: bioindicators of environ-

mental pollution. Rev Environ Toxicol 5:203–311

Calvino DF, Moure MP, Periago EL, Estevez MA, Munoz JCN

(2008) Copper distribution and acid-base mobilization in vine-

yard soils and sediments from Galicia (NW Spain). Eur J Soil Sci

59:315–326. doi:10.1111/j.1365-2389.2007.01004.x

Commission Regulation (EC) No 473/2002 of 15 March 2002

amending Annexes I, II and VI to Council Regulation (EEC) No

2092/91 on organic production of agricultural products and

indications referring thereto on agricultural products and food-

stuffs, and laying down detailed rules as regards the transmission

of information on the use of copper compounds. Official Journal

L 075:21–24

Cramp S, Simmons KEL (1989) The birds of the western palearctic,

2nd edn. Oxford University Press, Oxford, UK

Dauwe T, Janssens E, Bervoets L, Blust R, Eens M (2004)

Relationships between metal concentrations in great tit nestlings

and their environment and food. Environ Pollut 131:373–380.

doi:10.1016/j.envpol.2004.03.009

Eijsackers H, Beneke P, Maboeta M, Louw JPE, Reinecke AJ (2005)

The implications of copper fungicide usage in vineyards for

earthworm activity and resulting sustainable soil quality. Eco-

toxicol Environ Saf 62:99–111. doi:10.1016/j.ecoenv.2005.

02.017

Furness RW, Greenwood JJD (1993) Birds as monitors of environ-

mental change. Chapman & Hall Press, London

Hahn E, Hahn K, Stoeppler M (1993) Bird feathers as bioindicators in

areas of the German Environmental Specimen bank: bioaccu-

mulation of mercury in food chains and exogenous deposition of

atmospheric pollution with lead and cadmium. Sci Total Environ

139/140:259–270

Jaspers V, Dauwe T, Pinxten R, Bervoets L, Blust R, Eens M (2004)

The importance of exogenous contamination on heavy metal

levels in bird feathers. A field experiment with free-living great

tits, parus major. J Environ Monit 6:356–360. doi:10.1039/

b314919f

Leonzio C, Massi A (1989) Metal biomonitoring in bird eggs: a

critical experiment. Bull Environ Contam Toxicol 43:402–406.

doi:10.1007/BF01701875

Nam DH, Lee DP, Koo TH (2003) Monitoring for lead pollution

using feathers of feral pigeon (Columba livia) from Korea.

Environ Monitor Assess 95:13–22

Petit MG, Altenbach JS (1983) A chronological record of environ-

mental chemicals from analysis of stratified vertebrate excretion

deposited in a sheltered environment. Environ Res 6:339–343.

doi:10.1016/0013-9351(73)90046-7

Scheuhammer AM (1987) The chronic toxicity of aluminium,

cadmium, mercury, and lead in birds: review. Environ Pollut

46:263–295. doi:10.1016/0269-7491(87)90173-4

Skrivan M, Skrivanova V, Marounek M (2005) Effects of dietary

zinc, iron, and copper in layer feed on distribution of these

elements in eggs, liver, excreta, soil and herbage. Poult Sci

84:1570–1575

Snyman RG, Reinecke AJ, Reinecke SA (2005) Quantitative changes

in the digestive gland cells of the snail helix aspersa after

exposure to the fungicide copper oxychloride. Ecotoxicol

Environ Saf 60:47–52. doi:10.1016/j.ecoenv.2003.11.008

Swaileh KM, Sansur R (2006) Monitoring urban heavy metal

pollution using the house sparrow (passer domesticos). J Environ

Monit 8:209–213. doi:10.1039/b510635d

Weyers B (1986) Die Schwermetallbelastung der Amsel in zwei

unterschiedlich belasteten Gabieten. Diplomarbeit, RWTH,

Aachen

Weyers B, Gluck E, Stoeppler M (1988) Investigation of the

significance of heavy metal contents of blackbird feathers. Sci

Total Environ 77:61–67. doi:10.1016/0048-9697(88)90315-4

Bull Environ Contam Toxicol (2009) 83:693–697 697

123

http://dx.doi.org/10.1897/07-403.1
http://dx.doi.org/10.1111/j.1365-2389.2007.01004.x
http://dx.doi.org/10.1016/j.envpol.2004.03.009
http://dx.doi.org/10.1016/j.ecoenv.2005.02.017
http://dx.doi.org/10.1016/j.ecoenv.2005.02.017
http://dx.doi.org/10.1039/b314919f
http://dx.doi.org/10.1039/b314919f
http://dx.doi.org/10.1007/BF01701875
http://dx.doi.org/10.1016/0013-9351(73)90046-7
http://dx.doi.org/10.1016/0269-7491(87)90173-4
http://dx.doi.org/10.1016/j.ecoenv.2003.11.008
http://dx.doi.org/10.1039/b510635d
http://dx.doi.org/10.1016/0048-9697(88)90315-4

	Mercury, Lead and Copper in Feathers and Excreta of Small Passerine Species in Relation to Foraging Guilds and Age �of Feathers
	Abstract
	Materials and Methods
	Results and Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


