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Abstract. Urban and industrial environments expose pigeons (Columba livia) to a diverse array of 
environmental pollutants, including heavy metals, organic contaminants, and particulate matter, which 
accumulate in feathers and internal tissues. This mini-review synthesizes current evidence on the 
sources, exposure pathways, and physiological consequences of these pollutants, with a particular focus 
on their effects on pigeon health and flight performance. Heavy metals such as lead, cadmium, and 
mercury, along with organic compounds like polycyclic aromatic hydrocarbons and pesticides, are 
consistently detected in pigeons inhabiting polluted areas. These contaminants induce oxidative stress, 
disrupt metabolic processes, and alter hematological parameters, indicating systemic physiological 
impairment. Additionally, pollutant accumulation affects plumage characteristics and may interfere with 
visual signaling and thermoregulation. Experimental studies further demonstrate that sub-lethal 
exposure to cholinesterase-inhibiting pesticides significantly impairs flight performance, prolonging 
homing times and suggesting potential consequences for navigation and migration. Overall, pigeons 
serve as effective bioindicators of environmental pollution, providing valuable insights into the ecological 
and physiological impacts of anthropogenic contaminants on avian species. 
Key Words: bioindicators, Columba livia, environmental pollution, heavy metals, oxidative stress, 
particulate matter, pesticides, urban ecology. 
 

 

Introduction. Pigeons (Columba livia) are widely regarded as an important model 

organism in biological research, owing to their remarkable navigational capacities, 

phenotypic diversity, and well-documented physiology, which support integrative 

investigations across behavior, morphology, and metabolism (Ionescu et al 2015; 

Ionescu & Oroian 2015; Ionescu & Oroian 2019; Popescu et al 2026; Popescu & Cimpean 

2026). 

 Urban and industrial environments expose pigeons to complex mixtures of heavy 

metals, airborne particulate matter, and pesticides. These pollutants accumulate in 

feathers and internal organs and are increasingly assessed with physiological biomarkers 

to infer health status and, more rarely, flight performance. 

 The aim of this mini-review is to critically evaluate the current body of literature 

regarding the types, sources, and biological effects of environmental pollutants on 

pigeons. Specifically, the study seeks to (i) identify major classes of pollutants and their 

primary exposure pathways, (ii) synthesize evidence on physiological, cellular, and 

metabolic responses to pollutant exposure, and (iii) assess the extent to which 

environmental contaminants influence flight performance. Furthermore, the review aims 

to highlight the utility of pigeons as bioindicators for monitoring urban and industrial 

pollution and to identify gaps in knowledge concerning the integration of health 

biomarkers with functional performance outcomes. 
 

Types of Environmental Pollutants and Exposure Pathways. Heavy metals such as 

lead (Pb), cadmium (Cd), mercury (Hg), nickel (Ni), chromium (Cr), copper (Cu) and zinc 

(Zn) accumulate in pigeon feathers and multiple internal organs in highly urbanized or 
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industrial areas (Frantz et al 2012; Cui et al 2021; Kurhaluk et al 2021; Tkachenko et al 

2021; Aljohani 2023; Tkaczenko et al 2024; Cui et al 2024; Ilyas et al 2024; Asgari et al 

2024). Organic pollutants including polychlorinated biphenyls (PCBs), organochlorine and 

organophosphate pesticides, polybrominated diphenyl ethers (PBDEs), pyrethroids and 

polycyclic aromatic hydrocarbons (PAHs) are widely detectable in pigeon feathers, with 

PAHs showing the highest mean concentrations (González-Gómez et al 2020). Particulate 

matter and associated metals deposit externally on feathers and internally in lungs. 

Pigeons in polluted regions show higher lung metal loads and particulate retention, 

especially in fine winter particles (Li et al 2021; Ellis et al 2023; Cui et al 2024; Iacob et 

al 2024). Pollutant exposure occurs through inhalation of contaminated air, ingestion of 

polluted food and soil, and accumulation on plumage (Tkachenko et al 2021; Ellis et al 

2023; Cui et al 2024) (Table 1). 

 

Table 1 

Key pollutants measured in pigeon feathers and tissues (summarized by Consensus 

2026) 

 

Matrix / Site Main pollutants and patterns References 

Feathers – industrial 

/ traffic sites 

Elevated Pb, Cd, Zn; strong 

spatial differences; sex 

effects 

Frantz et al 2012; Cui et al 2021; 

Tkachenko et al 2021; Aljohani 

2023; Asgari et al 2024; Tkaczenko 

et al 2024  

Feathers – organic 

pollutants 

PAHs ≫ OCPs, PYRs, PCBs, 

OPPs, PBDEs; >90% 

detection 

González-Gómez et al 2020 

Internal organs 

(liver, kidney, heart, 

muscle, bone, lung) 

Cu and Pb generally highest; 

Cd, Ni, Cr, Co also present; 

often higher in more polluted 

cities 

Aljohani 2023; Cui et al 2024; Iacob 

et al 2024; Ilyas et al 2024 

Feather surface 

particulates 

PM mass and optical 

properties differ between 

urban and rural pigeons 

Ellis et al 2023 

Note: PAHs - polycyclic aromatic hydrocarbons; OCPs - organochlorine pesticides; PYRs - pyrethroids; PCBs - 
polychlorinated biphenyls; OPPs - organophosphorus pesticides; PBDEs - polybrominated diphenyl ethers. 
 

Physiological and Cellular Effects on Pigeon Health. Multiple studies show oxidative 

stress in pigeons from contaminated habitats, with increased lipid and protein oxidation 

and altered antioxidant enzymes in liver, kidney, brain, and muscle (González-Gómez et 

al 2020; Kurhaluk et al 2021; Tkachenko et al 2021; Tkaczenko et al 2024; Kurhaluk et 

al 2025). Lead exposed pigeons exhibit disturbed Krebs cycle enzymes, lactate/pyruvate 

balance, and reduced antioxidant defenses across organs, indicating impaired energy 

metabolism and oxygen dependent processes (Tkachenko et al 2021; Kurhaluk et al 

2025). In polluted areas, higher superoxide dismutase activity in brain and liver and 

greater carbonyl derivatives in kidney and liver suggest intensified reactive oxygen 

species formation (Tkaczenko et al 2024). Muscle studies reveal enhanced lipid 

peroxidation and oxidative protein modification with decreased superoxide dismutase 

(SOD), catalase, and glutathione reductase activities, consistent with cardio and 

hepatocellular damage (Kurhaluk et al 2021). Blood and hematological changes include 

increased erythrocyte fragility and hemolysis in males from polluted areas (Tkaczenko et 

al 2024). While not in pigeons, passerine studies link elevated feather metals and 

particulate matter (PM) to anemia like erythrocyte profiles, altered leukocyte ratios and 

suppressed antioxidant capacity, supporting systemic health impacts of similar pollutants 

in birds (Bauerová et al 2017; Li et al 2021; Freitas et al 2024). 

 

Urbanization, Plumage, Metabolism and Pollutant Signaling. Urban pigeons 

provide fine scale information on local contamination because they show limited 
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movement; metal concentrations in feathers vary strongly among nearby urban sites 

(Frantz et al 2012; Cui et al 2021; Tkachenko et al 2021; Asgari et al 2024). External PM 

accumulation reduces feather reflectance and alters color, potentially affecting visual 

signaling and insulation, and urban particulates are optically darker and less reflective 

than rural ones (Ellis et al 2023). Feathers reliably reflect internal loads of Cd, Pb and Hg, 

correlating with liver and kidney concentrations in young pigeons and marking spatial–

temporal differences in atmospheric metals (Cui et al 2021; Aljohani 2023; Iacob et al 

2024; Asgari et al 2024). Urban gradients and heat islands also interact with plumage 

melanism: darker pigeons show distinct antioxidant and mitochondrial profiles, and 

higher urban temperatures are associated with lower antioxidant and metabolic activity, 

which may modify responses to oxidative challenges from pollution (Jiménez et al 2023; 

Arcila et al 2025). 

 

Pesticides and Flight Performance. Experimental dosing with cholinesterase inhibiting 

pesticides demonstrates direct impacts on flight ability. Single oral doses of carbofuran 

(0.25–1.0 mg kg-1) cause a dose dependent increase in homing flight time, with birds at 

0.5–1.0 mg kg-1 slowing markedly and falling behind the flock, whereas diazinon at the 

same doses has little effect on flight time (Brasel et al 2007). Similar work with 

chlorpyrifos and aldicarb shows that sub lethal, environmentally relevant doses 

significantly prolong flight times. Peak plasma cholinesterase inhibition coincides with 

likely migratory flight periods, indicating potential disruption of migration performance at 

field realistic exposures (Moye & Pritsos 2010). These studies validate homing pigeons as 

models for assessing how agricultural pesticide pollution can impair avian flight 

performance through neurotoxic mechanisms (Brasel et al 2007; Moye & Pritsos 2010). 

 

Conclusions. The available evidence demonstrates that environmental pollutants exert 

multifaceted and measurable effects on pigeon health, spanning oxidative stress, 

metabolic disruption, and hematological alterations. Heavy metals and organic 

contaminants accumulate consistently in both feathers and internal organs, validating the 

use of pigeons as reliable bioindicators of environmental contamination. Moreover, 

external particulate matter influences plumage properties, with potential ecological 

consequences for signaling and thermoregulation. 

 Importantly, experimental findings indicate that certain pesticides, even at sub-

lethal and environmentally relevant concentrations, can significantly impair flight 

performance through neurotoxic mechanisms. This establishes a direct functional link 

between pollution exposure and reduced ecological fitness. Despite these advances, there 

remains a relative scarcity of integrative studies that simultaneously assess physiological 

biomarkers and behavioral or performance outcomes. 

 Future research should prioritize multidisciplinary approaches that connect 

biochemical, ecological, and functional parameters to better understand the full impact of 

pollution on avian species. Such efforts are essential for improving environmental 

monitoring strategies and for assessing the broader ecological risks posed by 

anthropogenic contaminants. 

 

Acknowledgements. Consensus was used when rendering Table 1 

(https://consensus.app. Consensus NLP, Inc). 

 

Conflict of Interest. The authors declare that there is no conflict of interest.     

 

References 

 

Aljohani A., 2023 Heavy metal toxicity in poultry: a comprehensive review. Frontiers in 

Veterinary Science 10:1161354. 

Arcila J., Peña-Villalobos I., Muñoz-Pacheco C., Sanhueza F., Galdames D., Arancibia-

Altamirano D., Otárola F., Landaeta D., Del Basto F., Aroca C., Jiménez T., Sabat 

P., Palma V., 2025 Urbanization's hidden influence: Linking landscape alterations 



AES Bioflux, 2026, Volume 18, Issue 1. 
aes.bioflux.com.ro 

15 

and feather coloration with pigeon's cholesterol levels. Environmental Research 

271:121115. 

Asgari F., Sajjadi N., Zaeimdar M., Sadeghi M., Tehrani M., 2024 Comparative analysis of 

heavy metal accumulation in urban pigeon feathers: A case study in the zinc 

industrial town of Zanjan. Results in Engineering 23:102849. 

Bauerová P., Vinklerová J., Hraníček J., Čorba V., Vojtek L., Svobodová J., Vinkler M., 

2017 Associations of urban environmental pollution with health-related 

physiological traits in a free-living bird species. The Science of The Total 

Environment 601-602:1556-1565.  

Brasel J., Collier A., Pritsos C., 2007 Differential toxic effects of carbofuran and diazinon 

on time of flight in pigeons (Columba livia): potential for pesticide effects on 

migration. Toxicology and Applied Pharmacology 219(2-3):241-246.  

Cui J., Halbrook R., Zang S., Masdo M., Han S., 2021 Evaluation of homing pigeon 

feather tissue as a biomonitor of environmental metal concentrations in China. 

Ecotoxicology 30:1521-1526.  

Cui J., Halbrook R., Zang S., Masdo M., Sun L., Han S., 2024 Homing pigeons as 

biomonitors of atmospheric metal exposure and health effects to promote 

environment sustainability. Sustainability 16(16):7014. 

Ellis J., Ponette-González A., Fry M., Johnson J., 2023 Reduced reflectance and altered 

color: The potential cost of external particulate matter accumulation on urban rock 

pigeon (Columba livia) feathers. Frontiers in Ecology and Evolution 11:946624. 

Frantz A., Pottier M., Karimi B., Corbel H., Aubry E., Haussy C., Gasparini J., Castrec-

Rouelle M., 2012 Contrasting levels of heavy metals in the feathers of urban 

pigeons from close habitats suggest limited movements at a restricted scale. 

Environmental Pollution 168:23-28.  

Freitas R., Benvindo-Souza M., Sotero D., Lopes A., Santos M., Oliveira J., Da Costa D., 

Filho N., Vieira T., De Melo E Silva D., 2024 Ecotoxicological consequences of 

urbanization: A multi-biomarker approach to assessing sewage treatment plant 

effects on free-living birds. Environmental Research 258:119424.  

González-Gómez X., Simal-Gándara J., Alvarez L., López-Beceiro A., Pérez-López M., 

Martínez-Carballo E., 2020 Non-invasive biomonitoring of organic pollutants using 

feather samples in feral pigeons (Columba livia domestica). Environmental Pollution 

267:115672.  

Iacob D., Paduraru E., Gabor V., Gache C., Breabăn I., Gurlui S., Plăvan G., Jijie R., 

Nicoara M., 2024 Trace metal bioaccumulation in feral pigeons (Columba livia f. 

domestica) and rooks (Corvus frugilegus) residing in the urban environment of Iasi 

City, Romania. Toxics 12(8):593. 

Ilyas A., Zhahbaz S., Zahra R., 2024 Detection and comparative analysis of heavy metal 

toxicity in birds. Journal of Physical, Biomedical and Biological Sciences 3:25. 

Ionescu H., Oroian T. E., 2015 Phenotypic characterization of a population of pigeons, 

Galati players breed, black flecked white and red flecked white variety. ABAH 

Bioflux 7(2):177-182. 

Ionescu H., Oroian T. E., 2019 Metabolic investigations on pigeons. ABAH Bioflux 

11(1):36-39. 

Ionescu H., Oroian T. E., Botha M., 2015 Phenotypic characterization of a population of 

Galati players pigeon breed blue flecked white and white unicolor variety. ABAH 

Bioflux 7(2):183-187. 

Jiménez T., Peña-Villalobos I., Arcila J., Del Basto F., Palma V., Sabat P., 2023 The 

effects of urban thermal heterogeneity and feather coloration on oxidative stress 

and metabolism of pigeons (Columba livia). The Science of The Total Environment 

912:169564. 

Kurhaluk N., Hetmański T., Kamiński P., Tkaczenko H., 2025 Can metabolic biomarkers 

of oxygen-dependent processes determine health status of pigeon Columba livia f. 

urbana? Cellular Physiology and Biochemistry 59(1):65-91.  

Kurhaluk N., Tkachenko H., Hetmański T., Włodarkiewicz A., Tomin V., 2021 Profile of 

heavy metals and antioxidant defense in the muscle tissues of pigeons (Columba 

livia f. urbana) from anthropogenically transformed areas in the Pomeranian region 



AES Bioflux, 2026, Volume 18, Issue 1. 
aes.bioflux.com.ro 

16 

(Northern Poland). Archives of Environmental Contamination and Toxicology 

80:601-614.  

Li M., Nabi G., Sun Y., Wang Y., Wang L., Jiang C., Cao P., Wu Y., Li D., 2021 The effect 

of air pollution on immunological, antioxidative and hematological parameters, and 

body condition of Eurasian tree sparrows. Ecotoxicology and Environmental Safety 

208:111755.  

Moye J., Pritsos C., 2010 Effects of chlorpyrifos and aldicarb on flight activity and related 

cholinesterase inhibition in homing pigeons, Columba livia: Potential for migration 

effects. Bulletin of Environmental Contamination and Toxicology 84:677-681.  

Popescu A., Burduhos P., Kovacs E., 2026 Navigation mechanisms in homing pigeons: 

integrating magnetoreception, olfaction, solar and visual cues. ABAH Bioflux 

18(1):56-61. 

Popescu A., Cimpean A., 2026 Aerodynamic efficiency and wing morphology in high-

performance racing pigeons (Columba livia). ABAH Bioflux 18(1):62-68. 

Tkachenko H., Kurhaluk N., Hetmański T., Włodarkiewicz A., Tomin V., 2021 Changes in 

energetic metabolism and lysosomal destruction in the skeletal muscle and cardiac 

tissues of pigeons (Columba livia f. urbana) from urban areas of the northern 

Pomeranian region (Poland). Ecotoxicology (London, England) 30:1170-1185.  

Tkaczenko H., Hetmański T., Kamiński P., Kurhaluk N., 2024 Can blood morphology, 

oxidative stress, and cholinesterase activity determine health status of pigeon 

Columba livia f. urbana? Environmental Science and Pollution Research 31:19927-

19945.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Received: 20 January 2026. Accepted: 04 April 2026. Published online: 05 May 2026. 
Authors: 
Adi Popescu, The Royal Pigeon Racing Association - Cumbria Region, 32 Lonsdale Street, CA14 2YD Workington, 
Cumbria, United Kingdom; e-mail: adyrott80@yahoo.com 
Tudor Păpuc, Faculty of Animal Science and Biotechnologies, University of Agricultural Sciences and Veterinary 
Medicine Cluj-Napoca, Calea Mănăștur 3-5, 400372 Cluj-Napoca, Romania, e-mail: tudor.papuc@usamvcluj.ro 
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source 
are credited. 
How to cite this article: 
Popescu A., Păpuc T., 2026 Environmental pollutants and their effects on pigeon health and flight performance. 
AES Bioflux 18(1):12-16. 


