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Abstract:
							                           
Trace metals continue to generate environmental pollution problems because of their persistence in the environment, representing a hazard for living organisms. Although recent studies have reported trace metal environmental pollution in soils of some parts of Lima, there is still much about trace metal pollution that needs to be explored. Using feral pigeons (Columba livia) as biomonitor could facilitate rapid assessments of trace metal contamination in cities like Lima.  In this study, we determined the concentrations of lead (Pb), cadmium (Cd), zinc (Zn), copper (Cu), molybdenum (Mo), selenium (Se), iron (Fe) and strontium (Sr) in the liver of 21 pigeons from three sites with industrial, urban and rural land-use characteristics. Our results showed that when compared to the rural site, the concentrations of Pb, Zn, Cu, Se, Fe and Sr were significantly higher in both the industrial and urban sites. These findings suggest the existence of a trace metal concentration gradient with higher concentrations in both the industrial and urban sites. Such gradient is consistent with the land-use characteristics of each one of the three sites, corroborating the environmental pollution problems associated with them. Overall, our study provides powerful evidence of the use of feral pigeons as biomonitor of trace metal pollution in Lima and other cities from Peru and the world. To our knowledge, this is the first trace metals assessment done in pigeons in Peru.
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Resumen:
						                           
Los metales traza continúan generando problemas de contaminación ambiental debido a su persistencia en el ambiente, representando un peligro para los seres vivos. Estudios recientes han reportado contaminación de metales pesados en suelos de algunas partes de Lima, sin embargo, queda aún mucho por explorar. El uso de la paloma de Castilla (Columba livia) como biomonitor podría facilitar evaluaciones rápidas y de detección de contaminación por metales traza en el ambiente. En este estudio, se determinó las concentraciones de plomo (Pb), cadmio (Cd), zinc (Zn), cobre (Cu), molibdeno (Mo), selenio (Se), hierro (Fe) y estroncio (Sr) en el hígado de 21 palomas de tres localidades con características de uso industrial, urbano y rural.  Nuestros resultados mostraron que las concentraciones de Pb, Zn, Cu, Se, Fe y Sr eran más elevadas en las localidades industrial y urbana que en la rural. Esto sugiere la existencia de una gradiente con concentraciones de metales traza más elevadas en las localidades industrial y urbana. Dicho gradiente es consistente con las características del uso de la tierra de cada localidad y corrobora los problemas de contaminación ambiental asociados a ellas. Nuestro estudio expone el potencial de la paloma de Castilla para actuar como biomonitor de la contaminación por metales traza en Lima y otras ciudades del Perú y del mundo. Según nuestro conocimiento, esta es la primera evaluación de metales traza hecha con palomas en Perú.



Palabras clave: metales traza, metales pesados, biomonitor, contaminación ambiental, paloma de Castilla (Columba livia), Lima.
                                








Introduction


Environmental pollution levels have increased since the industrial revolution around the World (Capó, 2002). In Lima, the vehicle fleet continuous growth and the increase of industries have raised the levels of environmental pollution in the past decades. Air pollution problems in Lima are aggravated by the air stagnation phenomena characteristic of the region (Silva et al., 2017). Consequently, the metropolitan area of Lima-Callao (MALC) was considered as one of the most polluted cities in Latin America, based on particulate matter (PM2.5) concentrations indicators (WHO, 2016). Inside PM2.5, trace metals particles, also known as heavy metals, can be found. These are non-biodegradable elements that persist in the environment and can cause health and environmental problems at high concentrations (Reinhold, 1975). Exposure to trace metals can interfere with distinct physiological pathways in humans and animals resulting in respiratory problems and cancers, among other health problems (Bauerová et al., 2020; Sall et al., 2020). Trace metal pollution is mainly associated with vehicle fleets and industrial emissions (Wright & Welbourn, 2002). But it can also be originated due to agrochemicals, pipes corrosion, and poor waste management (Azimi et al., 2003; Hill, 2010). Over the last decades, a series of regulations have aimed to reduce trace metal pollution. However, trace metals continue to represent an environmental problem in many parts of the globe (Frantz et al., 2012).

Trace metal pollution data in the MALC is scarce and limited across the city. Most studies have focused on air quality assessments, principally lead (Pb). Overall, these studies show that the air concentrations of trace metals have been decreasing over the past decades and are below the national environmental quality standards, with exceptions for some monitoring points in Callao (Narciso et al., 2000; DIGESA, 2005, 2007, 2012, 2019; OEFA, 2016; DIRESA, 2019; INEI 2020). On the other hand, the few studies conducted in soil and water sources in the MALC have revealed trace metal pollution. Narciso et al. (2000) reported high concentrations of Pb in soil and water at different locations across the MALC. Recently, an assessment conducted by the Peruvian Environmental Assessment and Control Agency (OEFA) registered trace metal concentrations in the soil higher than the environmental quality standards in the vicinity of the minerals concentrate terminal in Callao (OEFA, 2016). Furthermore, Tello et al. (2018) discovered high concentrations of Pb in the soil from parks from residential districts in the MALC. These findings provide evidence of the persistence of trace metals in the environment and the necessity of a broader assessment that facilitates the identification of environmental problems.

Biomonitors are considered an alternative or complementary method to chemical and physical trace metal assessments (Wolterbeek et al., 2003). Biomonitors acquire contaminants by absorbing the air, soil, water and food contaminated particles (Capó, 2002). By measuring contaminants concentration inside specific tissues, biomonitors provide quantitative information about the availability of contaminants in the environment, to which living organisms are exposed (Capó, 2002). Thus, biomonitors facilitate the detection of pollution problems inside their home range (Burger & Gochfeld, 1995; Adout et al., 2007). Biomonitor selection depends on the species capacity to metabolize and accumulate the contaminants, in addition to its distribution, abundance and accessibility (Capó, 2002).

The feral pigeon (Columba livia Gmelin, 1789) is one of the most widely used biomonitors employed for trace metal pollution around the globe. This species is considered to be a convenient and reliable biomonitor due to its abundance in cities, poor mobility through the year and bioaccumulation capacity (Nam & Lee, 2006a; 2006b). In addition, their food is constantly exposed to pollutants in the environment (Adout et al., 2007). Trace metals tend to accumulate in the soft tissues of the body. In pigeons, the liver is considered as the main storage site of trace metals (Begum & Sehrin, 2013), and is one of the most employed tissues in ecotoxicology due to its capacity to accumulate trace metals (Nam & Lee, 2006a). To our knowledge, no trace metal assessments using feral pigeons have been conducted in Peru. An extensively documented biomonitor, such as the feral pigeon, can be an important tool that provides information about the availability of trace metals in the environment, helping to detect pollution problems in the MALC.

In this document, we explore the use of feral pigeons to assess trace metals in three different land-use sites from the MALC: industrial, urban and rural. Our specific objectives are: 1) measure trace metal concentrations in the liver of feral pigeons: lead (Pb), cadmium (Cd), Zinc (Zn), Copper (Cu), Selenium (Se), Molybdenum (Mo), Iron (Fe) and Strontium (Sr); and 2) identify possible differences in concentrations from the three land-use sites. We expect that the industrial and urban sites present higher trace metal concentrations than the rural sites. The discussion of our results incorporates trace metal concentrations registered in the liver of feral pigeons by other studies.





Methodology




Sample sites


The MALC is one of the thirty largest cities in the world with more than eleven million inhabitants and a heterogenous landscape. We collected feral pigeons from three sites in the MALC with different land use: industrial, urban and rural (Figure 1). The industrial locality was situated in the surroundings of the warehouses located in the intersection of Nestor Gambetta and Argentina avenues at Callao district, an area characterized by foundries, factories, the minerals concentrate terminal, and the mineral railroad. The international airport Jorge Chávez and the heavily trafficked Elmer Faucett Avenue are less than 4 Km away from the sampled site. This area has been historically associated to trace metal pollution, especially lead (Pb). Over the past decade most air quality assessments have shown lead (Pb) concentrations values below the ECA (Environmental quality standards) in locations about 2 Km to the sample site (DIGESA, 2012). However, past and recent studies around the minerals concentrate terminal have revealed high concentrations in soil for lead (Pb), iron (Fe), zinc (Zn) among other metals (Narciso, et al., 2000; Espinoza, 2012; OEFA, 2016). The urban site was located in the residential area next to Caquetá market in the densely populated district of San Martín de Porres, located at in the core are of the MALC. The site is, close (< 1 Km) to the heavily trafficked Caquetá intersection, anintersection located between the North Pan-American Highway and Caquetá Avenue, one of the most traffic jammed areas of the MALC. The closest site with air quality information is located at Lima district (3 Km) and has not reported concentrations higher than the ECA for lead (Pb) in the past decades (DIGESA, 2005, 2007). The rural site was situated in the agricultural area of the Lurín district, about 0.7 Km to the South Pan-American Highway and 1.5 Km to Lurín city center. The area is dominated by cattle farms and crop fields, which are surrounded by an urban area with a low population density. Lurín is located to the South and thus is less affected by pollutants dispersed by the predominant winds blowing towards the north, the northeast and the east (Ilizarbe-Gonzáles et al., 2020). Lurín was considered as one of the districts with the lowest concentration of lead (Pb) in the air registered in the MALC (DIGESA 2012).
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Figure 1




Sample sites map. Industrial (Callao) in pink (12°03 N, 77°07′ S). Urban (San Martín de Porres) in light blue (12°01′ N, 77°02′ S). Rural (Lurín) in green (12°15′ N, 76°52′ S). Sites located at the metropolitan area of Lima-Callao in Lima Region, Peru



















Sample collection


A total of 21 adult individuals were collected (between June - January 2015, 2016 and 2018), 9 from the industrial locality, 6 from the urban and 6 from the rural. Birds were capture using mist-nets ran by biological control companies operating at the study sites. Individuals were killed by breaking their necks and livers were extracted the same day. Livers were kept cool until the laboratory analysis to avoid any possible external contamination. Each locality registered a sex ratio of 1:1. The influence of sex on the trace metal concentrations was discarded using the Wilcoxon-Mann-Whitney test, with a significance level of 0.05.





Chemical analysis


Feral pigeon livers were analysed using an inductively coupled plasma mass spectrometry (ICP-MS), following the method EPA6020 (USEPA., 2014). This technique determines trace multi-elemental and isotopic concentrations from a single sample. Prior to the analysis, samples were digested in concentrated nitric acid and later diluted with ionized water. All chemical analyses were conducted by ALS Life Sciences Division laboratory from Corplab Peru.





Statistical analysis


Kruskal–Wallis tests were performed to identify if statistically significant differences exist in the concentration of each trace metal between the three sites. This is a non-parametric test that allows for unequal sample sizes across sampled sites. To identify which sites differed significantly from each other, we conducted a Post-hoc analysis using Dunn's procedure (Dunn, 1964) with a Bonferroni correction for multiple comparisons (Pohlert, 2014). We further conducted a principal component analysis (PCA) to explore trace metals distribution patterns among the three sites. Prior to PCA execution, we conducted a Z-scores transformation. All statistical analyses were conducted using R v3.4.1 software (R Development Core Team, 2017).







Results and discussion


According to our prediction, the industrial and urban sites presented higher mean concentration values than the rural site (Table 1, Figure 2). The industrial site registered the highest mean concentration for Cd, Zn, Cu, Mo, Se, and Fe, while the urban site registered the highest mean concentration for Pb and Sr. We registered significant differences between sites in Pb, Zn, Cu, Se, Fe and Sr. The rural site presented significant differences with the other two sites in Pb, with the industrial site in Zn, Cu, Se, Fe, and with the urban site in Sr (Table 1).

In the PCA analysis (Figure 3), the first two components explained 71.69% of the variation with eigenvalues of 4.15 and 1.59, respectively. The first component showed positive values for all trace metals, while the second component showed positive values for Cd, Fe, Pb, and Se. PCA biplots revealed that Zn, Cu, Se, and Fe concentrations, which were higher in the industrial site, were mainly associated with the first component (PC1); while Cd, Pb, Mo, and Sr concentrations were more correlated to the second component (PC2) and presented higher concentrations in the industrial and rural sites than the urban. PCA biplot distribution patterns revealed that individuals from the industrial site were grouped to the right of the first component. These were strongly associated with all trace metals in contrast to the individuals from the rural site, which were grouped at the opposite site and presented lower concentrations. Individuals from the urban site were grouped at the centre of the biplot, indicating similarities with the other two groups.

Most trace metals in this study are considered as oligo-elements (naturally present in the body), with the exception of the toxic elements Pb and Cd. All of them are subject to bioaccumulation at both low and high concentrations in the environment (Burger & Gochfeld, 1995). Our results revealed differences in trace metal liver concentrations between sites, showing that pigeons from the industrial and urban sites accumulated higher quantities of trace metals. The higher accumulation of metals indicates that these sites presented a higher availability of metals in the environment than the rural site. These differences suggest the existence of a trace metal pollution gradient along with the three sites. Such gradient is consistent with the bigger amount of pollution sources present at the industrial and urban sampled sites. Moreover, the lower concentrations registered in the rural site would correspond to the absence or smaller amount of pollution sources that characterize the rural site. Thus, the industrial and urban sites contrast to the rural site suggests that trace metals pollution sources could be causing environmental problems in the former two.

The industrial site presents characteristics that could be linked to a higher bioaccumulation of metals in pigeons. The minerals concentrate terminal located in the area storages all minerals analysed in this study and has been identified as a source of trace metal pollution in the past decades (Narciso et al., 2000. Espinoza 2012, OEFA, 2016). The site also has a long story of industrial activities, such as foundries and factories which emissions are associated with trace metal environmental pollution (Wright & Welbourn, 2002; Alloway, 2013). These pollution sources could have contributed to increase the concentration of trace metals in the environment, particularly for Zn, Se and Fe, which concentrations were higher than the urban and industrial sites, where industrial activities are absent or have a minimum presence of them. The industrial site also presented concentrations of Pb and Sr higher than the rural site but similar to the urban site, suggesting possible pollution sources in the latter. In the case of Cu, even though no significant differences were found, the industrial site presented a higher concentration than the other two sites.

The main pollution sources at the urban site are the vehicle fleet and the inadequate waste management (Azimi et al., 2003; Alloway, 2013; Pulles et al., 2012). The vehicle fleet produce emissions of Cd, Cu, Pb, Se, Zn, among other trace metals that persist in the environment over the years (Frantz et al., 2012). The proximity of the urban site to historically trafficked avenues could have contributed to the bioaccumulation of trace metals, particularly for Pb, which concentration in the urban site was similar to the industrial site. In addition, trace metals could have arrived by wind to the study sites (Ilizarbe-Gonzáles et al., 2020); however, this issue has been mainly reported in the North side of the MALC.

Our results fall in the concentration range reported by other studies for Pb, Cd, and Zn (Table 2). The concentrations of Pb (0.073 ± 0.075 mg/Kg) and Cd (0.054 ± 0.078 mg/Kg) registered in the rural site stand out as they are among the lowest concentrations registered in the liver of feral pigeons. Pb and Cd concentrations lower than 0.1 mg/Kg have been reported in rural areas of Rabat and Mohammedia (Morocco), with no environmental pollution problems (Elabidi et al., 2010; Kouddane et al., 2016). Hence, Pb and Cd concentrations registered in the rural site could be considered as representative values for environments without trace metal pollution in the MALC.

The lack and scarcity of studies for Cu, Mo, Fe, Se, and Sr concentrations in the liver of feral pigeons complicate the interpretation of our results concerning scenarios with or without trace metal pollution (Table 2). However, the differences found between the three sites for these metals along the pollution problems reported by OEFA (2016) suggest that the industrial site suffers from environmental pollution problems. We recommend assessing other rural localities in the MALC to comprehend how far the industrial site concentrations are from scenarios without trace metal pollution.

Our results evidence the capacity for biomonitors to detect environmental pollution problems by identifying gradients of trace metals availability in the environment. This information can be essential for acknowledging the exposure of living organisms, humans included, to pollution sources. By contrast, physical and chemical assessments conducted in the MALC have shown different results depending on the proximity to the pollution source (DIGESA, 2007; OEFA, 2016). These results may also differ depending if trace metals were assessed in air, soil or water (Narciso et al., 2000; Espinoza, 2012). Thus, our research expresses the potential of feral pigeons to act as biomonitors that facilitate the identification of trace metal pollution in the environment.

Our study presented limitations regarding the small size and heterogeneity of the samples, which can affect their representativeness (i.e. pigeons coming from other areas).  In addition, we did not count with recent data about the trace metal pollution in the study sites that could facilitate the interpretation of our results. However, despite these limitations our results showed concordance with the values registered in by other studies and with the pollution across the study sites. Further research should consider increasing the sample size and monitor the site fidelity of pigeons. Incorporating sampling sites with updated environmental data and samples from a captive population could improve the results and their interpretation, specially for trace metals with little information.
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Figure 2




Boxplots of concentrations (mg/Kg) of trace metals in the liver of feral pigeons from industrial (Callao), urban (San Martín de Porres) and rural (Lurín) sites
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Figure 3




Principal component analysis (PCA) biplot inferring associations between concentrations of trace metals registered in the liver of feral pigeon from industrial (Callao), urban (San Martín de Porres) and rural (Lurín) sites. The length of the arrows approximates the variance of the variables, whereas the angels between them (cosine) approximate their correlations


















Table 1




Mean and standard deviation (± SD) concentrations (mg/Kg) of trace metals registered in the liver of feral pigeons from industrial (Callao), urban (San Martín de Porres) and rural (Lurín) sites









	
Trace
metals

	
Industrial
Callao
(n = 9)

	
Urban
San Martín de Porres
(n = 6)

	
Rural
Lurín
(n = 6)

	
Kruskal - Wallis




	Pb
	0.624 ± 0.701a

	0.665 ± 0.564a

	0.073 ± 0.075b

	**



	0.38
	0.43
	0.052



	Cd
	0.247 ± 0.283a

	0.19 ± 0.102a

	0.054 ± 0.078a

	(ns)



	0.08
	0.19
	0.019



	Zn
	88.378 ± 39.944a

	35.883 ± 12.502ab

	30.528 ± 28.677b

	**



	92.6
	32.95
	18.095



	Cu
	6.744 ± 3.367a

	3.5 ± 0.785ab

	3.135 ± 1.928b

	**



	5.7
	3.2
	2.321



	Mo
	1.622 ± 0.74a

	1.483 ± 0.56a

	0.97 ± 0.166a

	(ns)



	1.4
	1.5
	0.94



	Se
	0.978 ± 0.156a

	0.567 ± 0.12b

	0.524 ± 0.091b

	***



	1
	0.5
	0.529



	Fe
	833.889 ± 288.658a

	453.333 ± 180.242b

	423.8 ± 116.217b

	**



	880
	381.5
	427.9



	Sr
	0.057 ± 0.037ab

	0.063 ± 0.027a

	0.033 ± 0.013b

	*



	0.05
	0.055
	0.032



	Significant Kruskal-Wallis results are shown as not significant (ns) and significant with a probability of 0.05 (*), 0.01 (**), 0.001 (***). Results from the post-hoc test after Dunn with a Bonferroni adjustment are shown by letters (a,b).

























Table 2




Mean and standard deviation (± SD) concentrations (mg/Kg) of trace metals registered in the liver of feral pigeons from other studies conducted across the globe. Number in parenthesis represents number of samples









	
	
	
Cd

	
Cu

	
Mo

	
Pb

	
Se

	
Zn




	United Kingdom (Hutton & Goodman, 1980)
	
	
	
	



	Chelsea (urban)
	
	2.45 ± 0.28 (43)
	
	
	21.6 ± 1.95 (53)
	
	146.5 ± 8.38 (36)



	Mortlake(suburbs)
	
	0.40 ± 0.07 (15)
	
	
	10.1 ± 2.36 (15)
	
	78.8 ± 6.36 (15)



	Heathrow Middlesex (airport)
	
	9.48 ± 3.15 (15)
	
	
	6.11 ± 1.09 (15)
	
	238.6 ± 36.2 (15)



	Cambridgeshire (rural)
	
	0.54 ± 0.05 (5)
	
	
	2.01 ± 0.29 (10)
	
	203.9 ± 31.9 (10)



	United Kingdom (Johnson et al., 1982)
	
	
	
	



	Liverpool (urban)
	(12)
	
	
	
	13.7 ± 1.6
	
	



	Dorchester (suburbs)
	(8)
	
	
	
	6.5 ± 1.7
	
	



	Bridpot (rural)
	(8)
	
	
	
	2.3 ± 0.6
	
	



	Korea (Lee, 1991)
	
	
	
	
	
	
	



	Seoul (urban)
	(9)
	
	
	
	1.99
	
	



	 Songnam (rural)
	(3)
	
	
	
	0.18
	
	



	Mexico (Delgado et al., 1994)
	
	
	
	
	



	Ciudad de Mexico (urban)
	(50)
	
	1.04
	
	3.93
	
	



	Ixtlahuaca (rural)
	(10)
	
	0.4
	
	1.09
	
	



	Holland (Schilderman et al., 1997)
	
	
	
	
	



	Amsterdam (high traffic)
	(8)
	0.43 ± 0.29
	
	
	1.21
	
	35.8 ± 6.5



	Amsterdam (medium traffic)
	(8)
	0.53 ± 0.50
	
	
	0.18
	
	35.3 ± 8.9



	Maastricht (low traffic)
	(5)
	0.27 ± 0.30
	
	
	0.13
	
	31.2 ± 11.9



	Assen (low traffic) (tráfico bajo)
	(7)
	0.13 ± 0.18
	
	
	0.16
	
	69.6 ± 65.1



	Korea (Kim et al., 2001)
	
	
	
	
	



	Seoul (comerical)
	(7)
	
	
	
	4.45
	
	



	Seoul (industrial)
	(5)
	
	
	
	1.38
	
	



	Seoul (park)
	(7)
	
	
	
	1.66
	
	



	Seoul (residentiall)
	(7)
	
	
	
	1.13
	
	



	Korea (Nam & Lee, 2006b)
	
	
	
	
	



	Duckjuk Island rural
	(8)
	0.11 ± 05
	
	
	1.57 ± 27
	
	



	Seul (high traffic density)
	(12)
	0.24 ± 08
	
	
	2.33 ± 78
	
	



	Ansan (industrial)
	(10)
	0.14 ± 05
	
	
	1.80 ± 46
	
	



	Busan (industrial)
	(9)
	0.25 ± 12
	
	
	2.72 ± 49
	
	



	Ulsan (industrial)
	(10)
	0.31 ± 10
	
	
	1.84 ± 20
	
	



	Yolchon (industrial)
	(11)
	0.21 ± 05
	
	
	1.36 ± 27
	
	



	Spain (Torres et al., 2009)
	
	
	
	
	



	Santa Cruz de Tenerife (urban, island)
	(40)
	0.11
	3.407
	
	0.2907
	0.4874
	40.91



	China (Cui et al., 2013)
	
	
	
	
	



	Haidian - Beijing (urban) (1–2 years)
	(10)
	0.299 ± 0.744
	
	
	0.242 ± 0.039
	
	



	Haidian - Beijing (urban) (5-6 years)
	(15)
	0.383 ± 0.059
	
	
	0.2002 ± 0.028
	
	



	Haidian - Beijing (urban) (9-10+ years)
	(24)
	0.947 ± 0.119
	
	
	0.273 ± 0.077
	
	



	Morocco (Elabidi et al., 2010)
	
	
	
	
	



	Rabat - Kamra (urban)
	(10)
	0.19 ± 0.02
	
	
	0.12 ± 0.01
	
	13.4 ± 3.1



	Rabat - Centre of town (urban)
	(9)
	0.20 ± 0.04
	
	
	0.37 ± 0.06
	
	29.0 ± 2.8



	Rabat - Oulja (industrial)
	(6)
	0.13 ± 0.02
	
	
	0.56 ± 0.05
	
	120.3 ± 3.3



	Rabat - Allal Behraoui (rural)
	(6)
	0.07 ± 0.03
	
	
	0.07 ± 0.01
	
	50.1 ± 4.2



	Bangladesh (Begum & Sehrin, 2013)
	
	
	
	
	



	Keranigonj-Norsingdhi (urban)
	(60)
	1.37
	26.09
	
	1.47
	
	159.8



	Sirajgonj (rural)
	0.57
	34.11
	
	5.75
	
	280.76



	Mymensingh (industrial)
	2.41
	34.77
	
	3.02
	
	210.5



	Comilla (rural)
	0.22
	36.53
	
	2.18
	
	275.7



	Morocco (Kouddane et al., 2016)
	
	
	
	
	



	Mohammedia (industrial)
	(40)
	0.18 ± 0.04
	
	
	0.82 ± 0.27
	
	46.16 ± 13.56



	Mohammedia (city center)
	0.13 ± 0.02
	
	
	0.39 ± 0.16
	
	59.5 ± 22.41



	Mohammedia (highway)
	0.1 ± 0.04
	
	
	0.17 ± 0.06
	
	52.06 ± 28.29



	Mohammedia (rural)
	0.05 ± 0.02
	
	
	0.05 ± 0.02
	
	62.12 ± 18



	Peru (This study)
	
	
	
	
	



	Callao (industrial)
	
	0.247 ± 0.283
	6.744 ± 3.367
	1.622 ± 0.74
	0.624 ± 0.701
	0.978 ± 0.156
	88.378 ± 39.944



	San Martín de Porres(urban)
	
	0.19 ± 0.102
	3.5 ± 0.785
	1.483 ± 0.56
	0.665 ± 0.564
	0.567 ± 0.12
	35.883 ± 12.502



	Lurín (rural)
	
	0.054 ± 0.078
	3.135 ± 1.928
	0.97 ± 0.166
	0.073 ± 0.075
	0.524 ± 0.091
	30.528 ± 28.677



	
	
	
	
	
	
	
	
	
	
	
	


























Conclusion


The assessment of trace metals (Pb, Cd, Zn, Cu, Mo, Se, Fe, and Sr) in the liver of feral pigeons conducted by this study suggests the existence of a trace metals concentration gradient among the sampled sites. In this gradient, the industrial and urban localities present a higher availability of trace metals in the environment than in the rural site. Our results are consistent with the land-use characteristics of each site and support the environmental pollution problems reported by some studies conducted in the MALC. Therefore, we propose using feral pigeons (Columba livia) as biomonitors for trace metals assessments in the MALC and suggest replicating this study in other parts of Peru and the world.
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