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ABSTRACT

Heavy metals are an integral part of nature and play an important role in the lives of living species at 
trace levels. These become toxic when in excess in the organisms. Therefore, this study investigated 
the bioaccumulation of lead (Pb) in some birds and plant species in rapidly degrading mining sites in 
three selected Local Government Areas (LGAs) of Nasarawa State, Central Nigeria, from June 2017 to 
May 2018. Birds were trapped using mist nets. Ninety (90) tail feathers of birds and forty-eight (48) 
tree stand leaf samples were collected for quantitative measurements of Pb using the Atomic Absorption 
Spectrophotometer (AAS). A total of ninety (90) individual birds belonging to thirty five (35) species were 
trapped. Eighty-nine percent (89%) of the species were passerines while non-passerines were only 11%. 
The non-passerines accumulated more Pb than the passerines; however, there was no significant variation 
(t = 2.2312, df = 9.7714, P = 0.05034) between bird groups. Bird species-specific Pb bioaccumulation 
was highest in Shikra (3.24 ppm). The carnivorous birds had the highest Pb concentration, yet there 
was no significant difference (P > 0.05) in relation to the other feeding guilds. Pb concentration was 
not significant (P > 0.05) between birds’ age groups and sexes, respectively. The respective differences 
in mean Pb concentration in bird feathers as well as plant leaves across the surveyed sites significantly 
varied (P < 0.05). Ficus plant Pb concentration was highest over the other three plant species, although not 
significant (P > 0.05). The association in bioaccumulation of Pb between plants and birds was negative (t 
= -1.4223, df = 88, P = 0.1585, r = -0.15). The pooled average Pb bioaccumulation in birds as well as plants, 
respectively, was negligibly below the World Health Organization threshold (maximum permissible 
limit), which would have had an adverse effect. In conclusion, in the long term, Pb bioaccumulation 
might have more severe consequences for non-migratory species from the checklist of birds recorded in 
this study that carry out their entire life functions within a confined area. Thus, there is an urgent need 
for continuous bio-monitoring using this non-invasive technique, which will aid regulatory agencies in 
collaborating with miners and local communities to explore safer mining practices in order to conserve 
biodiversity in light of the detrimental effects of Pb bioaccumulation.

Keywords: Mining Sites; Lead Bioaccumulation; Birds; Plants; Atomic Absorption Spectrophotometer; 
WHO Maximum Permissible Limit; Nasarawa State 

Abbreviations: ALAD: Aminolevulinic Acid Dehydratase; LGAs: Local Government Areas; AAS: Atomic 
Absorption Spectrophotometer; MPL: Maximum Permissible Limit 

ARTICLE INFO

Received:   October 03, 2023
Published:   October 25, 2023 

Citation: Ombugadu A, Ahmed HO, Gol-
er EE, Abok JI, Da’an  SA, Dogo    KS   and 
Markus    M.   Comparative     Study    on  
Bioaccumulation of Lead (Pb) in Some 
Birds and Plant Species in Rapidly 
Degrading Mining Sites in Three Se-
lected Local Government Areas of Na-
sarawa State, Central Nigeria. Biomed 
J Sci & Tech Res 53(3)-2023. BJSTR. 
MS.ID.008400.

https://biomedres.us/
http://dx.doi.org/10.26717/BJSTR.2023.53.008400


Copyright@ : Ombugadu A | Biomed J Sci & Tech Res | BJSTR.MS.ID.008400. 44714

Volume 53- Issue 3 DOI: 10.26717/BJSTR.2023.53.008400

Introduction
The tremendous quest for development through industrializa-

tion and urbanization in the past few years has led to a series of en-
vironmental contaminations from heavy metals [1]. Among the toxic 
metals found in the earth’s crust, lead (Pb) has a more widespread 
use, resulting in serious environmental contamination, human, plant, 
and animal exposure, and significant public health problems in many 
nations of the world [2]. Mining and smelting of Pb have significant-
ly stood out as an important source of environmental contamination 
amidst manufacturing and recycling activities. Environmental Pb 
contamination has also been reported in some countries through the 
continuous use of leaded paints and leaded gasoline [3]. Apart from 
releasing other air pollutants, including sulphur dioxide and nitrogen 
oxides, in addition to leaving behind tons of waste tailings, slag, and 
acid drainage, mining sites are responsible for some of the largest re-
leases of toxic heavy metals, including Pb, into the environment [3]. 
It has been reported that Pb is the second most hazardous substance 
after arsenic based on its frequency of occurrence, toxicity, and expo-
sure by the Agency for Toxic Substances and Diseases Registry [4-6]. 
Pb contamination in the soil could take many years, and its effect on 
both plants and birds remains a bigger problem. For example, mining 
activities in Tri-State Mining Districts, Kansas, Oklahoma, and Missou-
ri, USA, were suspended as far back as the 1970s, yet toxic metals like 
Pb still remain at high concentrations in mine waste and sediments 
[7,8]. Plaza, et al. [9], in their attempt to compile existing knowledge 
about Pb contamination with respect to South American bird species, 
were able to point out that there is little information about Pb con-
tamination and the species of birds affected. The most predominant 
source of Pb contamination for wild birds remains the spent Pb am-
munition since birds would pick and swallow it; nevertheless, con-
taminations from mining sites also have significant effects and affect 
a great variety of birds, leading to death, a decline in population, and 
biodiversity loss [9,10].

Pb has no known biological requirement and acts as a non-specif-
ic poison affecting all body tissues and systems of a significant num-
ber of wild birds [11]. For over a century, high Pb exposure in birds 
has been a concern, as cited in studies by Perez-Lopez, et al. [12-14]. 
Some reports have been made on the toxicity nature of Pb on bird 
species, including waterfowl, upland birds, raptors, and scavengers, 
as noted by Plaza, et al. [9,15-17]. The toxicity in birds starts with the 
ingestion of Pb-contaminated plants, water, and even earthworms, as 
in the case of an investigation carried out on songbirds [18-20]. The 
digestion process then leads to the absorption of Pb into the guts and 
then into the bloodstream, where it is transported to all organs and 
tissues of the bird. Toxicity in birds can range from simple hematolog-
ic changes to even serious and lethal pathologic alterations depend-
ing on the level of exposure with millions of birds recorded to die an-
nually as a result of lead poisoning all around the world [9,10,21,22]. 
Even though Pb toxicity and health effects on birds can vary depend-

ing on the level of concentration and exposure or even differences 
in gastrointestinal physiology, environmental temperature, and diet 
composition, some common symptoms and effects include clinical 
changes like weakness, weight loss, diarrhea, incoordination, anemia, 
reproductive changes, immune system dysfunctions, behavior chang-
es, changes in migratory patterns, and bone mineralization. 

The Tri-State Mining Districts of Kansas, Oklahoma, and Missou-
ri, USA, have recorded significant Pb poisoning in migrating water-
fowl species, Canada Geese (Branta canadensis), who are particularly 
attracted to the mining habitat due to open water and food sources 
since they can tolerate human activities and are often attracted to sub-
urban and agricultural environments. These Canada geese showed a 
high tissue concentration of Pb, leading to physiological indications of 
Pb exposure in the form of inhibited blood aminolevulinic acid dehy-
dratase (ALAD) activity [8]. It can only be concluded that the Canada 
Geese consistently suffered adverse health effects associated with Pb 
exposure from these mining sites. Ombugadu, et al. [23] opined that 
the average Pb concentration in birds in a polluted site (i.e., the Kadu-
na Refinery Area in Kaduna State) was about two times higher than 
in the protected Amurum Forest Reserve area in Jos, Plateau State, 
Nigeria.

Plants, among other living organisms, are the most targeted by a 
wide range of pollutants since they are stationary in nature, which re-
sults in their exposure to soil and atmospheric toxicants [24-26]. Om-
bugadu, et al. [23] posited that heavy metals are deposited on plant 
surfaces. Lead is a major pollutant and contaminant of plants, and 
its sources range from smelting and mining activities to the combus-
tion of Pb fuels from motor engines to even the use of Pb-formulated 
fertilizers on farmlands [25,27-30]. The main route for Pb uptake in 
plants has been through the roots [25,31,32]. From there, Pb is ad-
sorbed onto the roots of the plants to become bound to the carboxyl 
groups of mucilage uronic acid or even directly attached to the poly-
saccharides of the rhizoderm cell surface of the roots [25,33]. From 
the root rhizoderm, the Pb may enter the roots passively and into the 
trans-locating water streams to be transported to the other parts of 
the plants [25,34,35]. Several plant species, including Vigna unguicu-
lata [25,36], Festuca rubra [25,37], Brassica juncea [25,38], Lactuca 
sativa [25, 32], and Funaria hygrometrica [25,39] have indicated Pb 
adsorption onto their roots according to documented reports. Expo-
sure of plant seedlings to concentrations of Pb, even at lower levels, 
can greatly inhibit the rate of germination. Pourrut, et al. [25,40-42] 
have reported Pb-induced inhibition of seed germination in Hordeum 
vulare, Elsholtzia argyi, Spartina alterniflora, Pinus halepensis, Oryza 
sativa, and Zea mays.

It has also been explained that at high concentrations, Pb contam-
ination may speed up seed germination but in turn induce adverse 
effects on the length of the radical and hypocotyl in Elsholtzia argyi 
[25,41]. Pb toxicity impairs plant growth, root elongation, seed ger-
mination, seedling development, transpiration, chlorophyll produc-
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tion, a lamellar organization in the chloroplast, and cell division, even 
though these effects may vary depending on the concentration of Pb 
in the soil, the duration of exposure, and the stage of development of 
the particular plant in question [25,28,31,39,43,44]. 

In Nigeria, the disposal of natural gas by flaring is widely prac-
ticed, with no available data on the extent of metal pollution associat-
ed with this wasteful practice [23]. In 2010, the illegal excavation of 
soil contaminated with Pb for gold in Zamfara State, Nigeria, resulted 
in Pb poisoning, which killed over 355 more people than the whole 
world combined records from 1970 to 2010 [45]. Illegal mining activ-
ities are known to be going on in many parts of Nasarawa State [46], 
resulting in the release of mineral dust that contains heavy metals 
and is being deposited on plants and animals [47]. A large number of 
miners in Nasarawa State pay little or no attention at all to environ-
mental considerations. Most mining activities carried out in the state 
are done in a way that will not safeguard the lives and fortunes of 
future generations. Also, there is a paucity of information (knowledge 
gap) on the bioaccumulation of Pb in resident birds and plants in min-
ing sites within Nasarawa State. An ecological study of this magnitude 
will assess the impact of mining activities (environmental degrada-
tion), which will be a reflection of Pb level in the environment and 

biomarker of accumulation in humans. To this end, the bioaccumula-
tion of Pb in some birds and plant species in rapidly degrading mining 
sites in three selected Local Government Areas (LGAs) of Nasarawa 
State, Central Nigeria, was explored non-invasively so as to quantify 
Pb level in order to proffer valuable solutions that are sustainable and 
environmentally friendly for the wellbeing of all.

Materials and Methods
Study Areas

The study was carried out in mining sites in Awe, Lafia, and 
Nassarawa Eggon LGAs of Nasarawa State, Nigeria, as shown in Figure 
1. Nasarawa State is endowed with solid minerals in the Guinea-Sa-
vanna eco-region of Nigeria. The state has a land mass of 27,862 km2 
and a population of 1,863,275 people [46]. Heavy mining   activities 
are ongoing in the three (3) selected LGAs, as captured in the pooled 
images in Plate 1, and are becoming an alarming and rapid environ-
mental degradation signal. The mining sites are characterized by veg-
etation as well as water bodies in which water from mining pits is 
being discharged into flowing water bodies, thereby making them un-
safe for aquatic organisms and the communities around them (Plate 
2).

Figure 1: Map of Surveyed Mining Sites in 3 Selected Local Government Areas of Nasarawa State, Nigeria.
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Plate 1: Degraded environment due to Pb mining activities.

Plate 2: Mining Sites Characterized by Vegetation and Water Bodies. Hosepipes laid in mining pits for discharge of water into flowing water 
bodies around.

Duration of Study

This study was carried out from June 2017 to May 2018. 

Samples Collection

Sampling of Birds: To collect feather samples, ten 20-meter mist 
nets (Plate 3) were used to trap birds at the study sites. The mist nets 

were opened and closed in the morning between 5:30 a.m. and 9:30 
a.m. All birds trapped were identified and grouped according to their 
feeding guilds, age, sexes, and ringed [23,48,49]. For each trapped 
bird, the second outer tail feather from the left was collected, placed 
in a well-labeled envelope, and taken to the laboratory [23]. 
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Plate 3: Mist-nets Set Up in Vegetation around Mining Sites for Trapping of Resident Birds.

Sampling of Plants: The plant species selected for this study in-
clude Dichrostachys cinerea (Syn: D. glomerata: Leguminosae: Mimo-
soideae), Ficus species, Parkia biglobosa, and Mangifera indica, which 
are widespread in tropical Africa and common in savanna regions, 
where they grow as large shrubs and are sources of food, fodder, and 
medicine to the indigenous communities there [50]. Sampling was 
done as described by Ombugadu, et al. [23]. Four twigs were collected 
about 1-2 meters from the base of the crown of each of the four tree 
species. Each tree species had four replicates. The replicate of each 
tree species was collected from the four cardinal directions (North, 
South, East, and West) to capture possible variation due to changes 
in wind directions around the mining area. Ten fully expanded leaves 
were removed from the tip, middle, and basal parts of each twig, and 
the samples were bulked for each tree (i.e., 30 leaves per tree). For 
each species, a total of 120 fully expanded leaves were sampled. Sam-
ples were sealed in clean polythene bags and taken to the laboratory.

Sample Preparation and Chemical Analysis for Lead (Pb) 
in Birds and Plants

Birds’ feather were prepared and digested directly, whereas plant 
leaves first went through an ashing phase before they were digested. 
Prior to the processing of samples, all glassware and plastics were 
washed, rinsed many times with tap water, and then soaked in a 5% 
nitric acid solution for 24 hours, followed by rinsing with deionized 
water. Analytical grades of nitric acid (65%, Sigma Aldrich) and per-
chloric acid (70%, Sigma Aldrich) were used for sample preparation. 
The standard solution for calibration of Pb was prepared from a 1000 
mg/L standard stock solution of GFS Fishers’ Atomic Absorption 
Spectrophotometer (AAS) Reference Standard. All the solutions were 
prepared with distilled water. The dilution correction method was ap-
plied to samples diluted or concentrated during analysis.

Birds Tail Feathers Processing: A pool of ninety (90) birds’ tail 
feather, thirty from each LGA, were processed and analyzed for the 

presence of Pb. Feathers were washed three times using distilled wa-
ter alternated with acetone in order to remove possible contaminants 
[23,51]. The samples were then air-dried before oven drying at 105°C 
for 2 hours. The feathers were subsequently cut into smaller pieces 
using stainless steel scissors to facilitate the acid digestion process. 
The acid is a mixture of concentrated hydrochloric acid (HCl4) and 
nitric acid (HNO3) in a ratio of 3:1 (i.e., 400 ml to 133 ml) by volume 
(aqua regia). One gram (1 g) of each feather sample was added to the 
acid mixture for complete digestion. The digestion was stopped when 
a colorless solution was obtained. The resulting solution was diluted 
to a volume of 25.0 mL with deionized water. The solutions were al-
lowed to cool, then filtered using Whatman filter paper into a 100 ml 
calibrated flask and diluted up to the mark. Thereafter, each sample 
solution was analyzed for Pb using a flame AAS.

Plants Leaves Processing: The 48 individual plant stands from 
four plant species leaf samples were washed carefully in running tap 
water and rinsed twice with distilled water. These were oven-dried 
at 65°C for 48 hours in labeled, large paper envelopes [23,50]. Dried 
samples were ground to a fine powder in an agate mortar. For each 
sample, 0.5 g of the ground fine powder was placed in a crucible and 
ashed at 550°C in the muffle furnace. Thirty (30) ml of aqua regia was 
added to each ashed sample, which was centrifuged and filtered into 
well-labeled, clean sample bottles. The filtrates were then analyzed 
for Pb using an AAS machine. 

Maximum Permissible Limits of Pb in Birds and Plants

Pb detected in birds was compared to the World Health Organiza-
tion maximum permissible limit (WHO MPL) of 2 ppm, as described 
by Pain, et al. [52]. Also, the 7 ppm WHO MPL standard for plants, 
as cited in Oyewo, [53], was used for comparison with the Pb values 
detected in plants surveyed.
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Statistical Analyses

The R-console software (version 4.0.2) was used for statistical 
analyses. The Shapiro-Wilk-normality test was used to determine the 
normality of the data distribution. Welch’s two-sample t-test was used 
to compare the bioaccumulation of Pb between bird groups. One-way 
analysis of variance (ANOVA) was used to compare Pb concentration 
in relation to bird species, feeding guilds, plant species, and surveyed 
sites, respectively. The differences in the mean Pb concentration be-
tween the ages and sexes of birds, respectively were analyzed using 
student’s t-test. Pearson’s product-moment correlation was used to 
determine the association between Pb concentrations in plants and 
birds. The level of significance was set at P < 0.05.

Results and Discussion
Concentration of Pb Metal Between Passerines and 
Non-Passerines in Selected Mining Sites

Of the thirty-five (35) bird species analyzed for bioaccumulation 
of Pb, the passerines were made up of 28 species which comprised 
80 individuals (89%) while non-passerines had 7 species with 10 in-
dividuals (11%). No significant variation (t = 2.2312, df = 9.7714, P 
= 0.05034, Figure 2) was observed in the bioaccumulation of Pb be-
tween bird groups, although on the average non-passerines accumu-
lated a higher amount of Pb than the passerines. This may be a result 
of their body mass as well as the hierarchy of the non-passerines in 
trophic level. This agrees with the study by Sani [54] who recorded 
very high Pb concentration in the feathers of non-passerines trapped 
in the Kano metropolis around industrial, residential, and commercial 
areas. On the contrary, a study on the concentrations of toxic metals 
in feathers shows that passerine birds collected from four regions of 
North-Eastern Pakistan had a high concentration of Pb [13]. Also, a 
very high amount of Pb concentration was found in Passer montanus 
(tree Sparrow) a free-living resident passerine bird in two regions of 
China [14].

Figure 2: Mean concentration of Pb in mining sites in relation to bird groups in the 3 pooled LGAs in Nasarawa State, Nigeria.
 

Species-Specific Pb Concentration

Bioaccumulation of Pb between bird species showed no signifi-
cant difference (F55 = 1.478; Adjusted R2 = 0.1545, P = 0.09685). This 
is not in line with the findings of Aziz, et al. [13], who reported dif-
ferences in Pb concentration among bird species. Similarly, Gushit, et 
al. [55] observed variations in Pb concentration among birds in an 
urban degraded woodland in Jos, Plateau State, Nigeria. Although bird 
species-specific bioaccumulation of Pb was highest in Shikra at 3.236 

ppm, followed by African Pygmy Kingfisher at 3.011 ppm, African 
Paradise Flycatcher at 2.225 ppm, and Senegal Batis had the lowest 
concentration of 0.045 ppm, as shown in Table 1. The high concentra-
tion of Pb in Shikra birds may possibly be due to their position in the 
trophic level (type of food) and the systematics of the sampled spe-
cies. This present study agrees with the finding of Durmus [56], which 
showed that members of the Accipitridae family highly accumulated 
heavy metals in the Van Lake Basin in Turkey. The Shikra bird in this 
study belongs to the family Accipitridae, which is worthy of note.
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Table 1: Lead (Pb) level in some bird species trapped in mining sites in 3 selected LGAs in Nasarawa State, Nigeria.
Species Common Name Mean±SE (ppm)

Terpsiphone viridis African Paradise Flycatcher 2.23±0.01

Ispidina picta African Pygmy Kingfisher 3.01±0.62

Turdus pelios African Thrush 0.64±0.39

Lagonosticta rufopicta Bar-breasted Firefinch 0.26±0.06

Pogonornis dubius Bearded Barbet 0.20±0.01

Turtur abyssinicus Black-billed Wood dove 0.32±0.01

Spermestes cucullata Bronze Mannikin 1.15±0.43

Turdoides plebejus Brown Bablers 0.43±0.01

Pycnonotus barbatus Common Bulbul 0.71±0.28

Camaroptera brachyura Grey-backed Camaroptera 0.23±0.16

Falco ardosiaceus Grey Kestrel 0.43±0.01

Ploceus heuglini Heuglin’s Masked Weaver 0.32±0.01

Vidua maryae Jos Plateau Indigo Bird 0.26±0.06

Spilopelia senegalensis Laughing Dove 1.33±0.90

Ploceus luteolus Little Weaver 0.09±0.01

Camprimulgus climacurus Long-tailed Nightjar 0.43±0.01

Passer griseus Northern Grey-headed Sparrow 0.20±0.01

Euplectes franciscanus Northern Red Bishop 0.90±0.01

Estrilda melpoda Orange Cheeked Waxbill 0.24±0.04

Ptilostomus afer Piac piac 0.32±0.01

Lagonosticta senegala Red-billed Firefinch 0.65±0.01

Uraeginthus bengalus Red-cheeked Cordon-bleu 0.65±0.51

Cisticola aberrans Rock-loving Cisticola 0.32±0.01

Chalcomitra senegalensis Scarlet-Chested Sunbird 0.16±0.03

Batis senegalensis Senegal Batis 0.05±0.05

Centropus senegalensis Senegal Coucal 0.54±0.01

Eremomela pusilla Senegal Eremomela 0.26±0.06

Accipiter badius Shikra 3.24±0.01

Cossypha niveicapilla Snowy-Crowned Robin Chat 0.20±0.01

Ploceus cucullatus Village Weaver 1.10±0.39

Ploceus vitellinus Vitelline masked weaver 1.55±0.01

Cisticola lateralis Whistling Cisticola 0.10±0.06

Corvinella corvina Yellow-billed Shrike 0.32±0.01

Laniarius barbarus Yellow-crowned Gonolek 0.15±0.06

Pogoniulus chrysoconus Yellow-fronted Tinkerbird 0.06±0.03

Pb Accumulation in Birds in Relation to Sites

The presence of Pb in the environment highly accumulated in 
birds from Lafia area (1.62±0.23 ppm) followed by those trapped 
in Nassarawa Eggon LGA (0.24±0.03 ppm), while it was very low 
(0.23±0.04 ppm) in birds in Awe LGA. Thus, bioaccumulation of Pb 
between surveyed sites significantly varied (F87 = 35.92, Adjusted R2 

= 0.4397, P < 0.0001, Figure 3). The differences across the sites may 
most likely be a result of varying mining activities and other pollut-
ants in the Lafia environs. This agrees with Aziz, et al. [13], who re-
ported significant differences in Pb concentration across four study 
regions of north-eastern Pakistan. Correspondingly, Ombugadu, et 
al. [23] found significant variation in Pb concentration between the 
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protected Amurum Forest Reserve in Jos-East, Plateau State, and the 
Nigerian National Petroleum Corporation (NNPC) Refinery Area in 
Kaduna State, Nigeria. Also, the concentration of Pb varied between 

the polluted site (near a metallurgic factory) and the control site as 
documented by Dauwe et al. [47] and O’Meara et al. [57].

Figure 3: Mean concentration of Pb in birds across the 3 selected mining LGAs in Nasarawa State, Nigeria.
 

Age and Sex-wise Concentration of Pb in Birds

Juvenile birds had a higher concentration of Pb (0.71±0.386 ppm) 
than adults’ (0.70±0.11 ppm). However, age-wise differences in the 
mean concentration of Pb was not significant (t = -0.033439, df = 88, 
P = 0.9734, Figure 4). The lack of variation across age groups possibly 

suggests that the feather of a bird of any age could play the role of 
a bioindicator. This is per the studies by Ombugadu et al. [23] and  
Dauwe et al. [47], who reported no age-related difference. However, 
Ding, et al. [14] observed a significant difference in Pb concentration 
between the feathers of juvenile and adult birds.

Figure 4: Mean concentration of Pb to birds’ age groups. 
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Pb concentration was higher in male birds 0.92±0.22 ppm, while 
in females it was absolutely less by half 0.45±0.12 ppm, and differenc-
es was not significant (t = -1.8927, df = 38.302, P = 0.06597, Figure 
5). The absence of variation in Pb concentration between the sexes 
probably suggests that either of the sexes can serve as an environ-
mental bioindicator. This corresponds with previous findings by Om-

bugadu et al. [23], Dauwe et al. [47], Scanlon et al. [58], and Devkota 
and Schmidt [59] that found evenness in Pb concentration for both 
sexes. However, it does not concur with the recent study by Ding, et 
al. [14], who observed differences in Pb concentration between male 
and female birds.

Figure 5: Mean concentration of Pb to sex of birds.

Pb Bioaccumulation in Birds to Feeding Guilds

Of the six feeding guilds recorded in this study, the concentra-
tion of Pb was very high in carnivorous birds (1.83±1.40 ppm), fol-
lowed by granivores (0.83±0.16 ppm), and generalists (0.71±0.28 
ppm), whereas a very low Pb level was observed among frugivores 
(0.10±0.04 ppm). Nonetheless, the differences in Pb concentration 
between the six feeding guilds were not significant (F84 = 1.381, Ad-

justed R2 = 0.02093, P = 0.2399, Figure 6). This is not in agreement 
with the finding of Durmus [56], whose evaluation revealed variation 
in heavy metal concentration across bird feeding guilds, in which the 
carnivorous birds had the highest heavy metal concentration. Similar-
ly, Ombugadu, et al. [23] reported a remarkable difference in Pb con-
centration among feeding guilds of birds within the Amurum Forest 
Reserve in Jos, Plateau State.

Figure 6: Mean concentration of Pb in relation to birds feeding guilds.
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Concentration of Pb in Some Plants in Selected Mining 

Areas

From the four plant species analyzed, Ficus species had the 
highest Pb concentration of 0.44±0.14 ppm, followed by Parkia bi-
globosa (0.32±0.05 ppm), Mangifera indica (0.23±0.06 ppm), and 
Dichrostachys cinerea (0.22±0.05 ppm). Yet, there was no significant 
difference (F44 = 1.293, Adjusted R2 = 0.01839, P = 0.2886, Figure 7) 
in Pb concentration among the four plant species in mining sites. The 
lack of variation in Pb concentration between the four plant species 

may possibly be due to their stationary nature or form, which makes 
them easily exposed and vulnerable to the equal amount of Pb dust 
being released into the atmosphere from mining sites. On average, 
Ficus plants had a very high Pb concentration, which agrees with 
Alaimo [60], who confirmed that Ficus macrophylla leaves are suit-
able for screening an urban environment to identify concentrations 
of inorganic chemicals due to their high tolerance to pollution. On the 
contrary, previous studies by Ombugadu, et al. [23] showed that Man-
gifera indica accumulated Pb the most, while Ficus platyphylla had 
the least amount of Pb.

Figure 7: Mean concentration of Pb in relation to plants.

The differences in Pb concentration in plants in relation to the 
sites surveyed was highly significant (F45 = 7.635, Adjusted R2 = 
0.2202, P = 0.001396, Figure 8), although the plants from the Awe 
area had the highest concentration of Pb (0.52±0.10 ppm), followed 
by those from Nassarawa Eggon (0.21±0.04 ppm), while it was low 

in Lafia (0.18±0.04 ppm). The strong variation in Pb accumulation 
between plants surveyed from the three LGAs in this study is not in 
line with the finding of Ombugadu, et al. [23], who recorded relatively 
equal Pb concentration between the Kaduna Refinery Area and the 
protected Amurum Forest Reserve area.

Figure 8: Mean concentration of Pb in plants in relation to locations.
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Association of Pb Level in Plants and Birds 

The relationship between the bioaccumulation of Pb between 
plants and birds was negative (t = -1.4223, df = 88, P = 0.1585, r = 
-0.15, Figure 9). The sharp negative association of Pb concentration 

between plants and birds probably suggests that Pb does not directly 
accumulate from plants to birds; rather, it follows the gradual buildup 
along the regular food chain process as well as trophic level energy 
flow.

Figure 9: Relationship between bioaccumulation of Pb in plants and birds from the three mining sites.

Mean Concentration of Pb in Comparison with WHO        
Maximum Permissible Limits in Birds and Plants

Figure 10 shows the amount of Pb in birds and plants compared 
to the WHO maximum permissible limit (WHO MPL) and the average 
of all the recorded values for each. The levels of Pb in birds and plants 
were all below the WHO maximum permissible limit of 2 ppm [52] 
and 7 ppm [53], respectively. This possibly suggests that Pb concen-
tration is yet to exceed the threshold level to elicit adverse effects on 
the well-being of plants, birds, and, in the long run, higher animals 
(humans) who may consume them, thereby resulting in many nega-
tive effects on human bodies such as damaging kidneys, the nervous 

system, and the reproductive system. The recorded concentration of 
Pb in birds varied from 0.05 ± 0.05 to 3.24 ± 0.00 ppm in the present 
study. A few of the birds had Pb concentrations higher than the WHO 
MPL, which is clear-cut evidence of bioaccumulation. The Pb range 
in this study is similar to previous work by Gruz, et al. [61] whose Pb 
concentration ranged from 1.15 to 2.3 ppm. An analysis of Pb from 
different feathers in Calamus and Vane by Yamac, et al. [62] reported 
a range value of 0.65 ppm and 5.47 ppm, respectively, which is rela-
tively higher than in our study. The reason for the lower concentration 
in this study is likely due to the local mining techniques used in these 
areas.
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Figure 10: Pb bioaccumulation in plants and birds versus WHO maximum permissible limit (WHO MPL).

Conclusion
This study shows a relatively high concentration of Pb in some 

birds, which is above the WHO MPL is a good index of the health of 
the three environments surveyed and may have lethal implications, 
as Pb concentration in feathers (specifically tail feathers) has been 
observed in other studies to correlate significantly with concentra-
tions in internal tissues and other feathers. Lead pollution in birds 
in the area is neither age nor sex-specific. Although Pb concentration 
in males was much more twice the amount in females. A significant 
variation was observed in the bioaccumulation of Pb in relation to 
the three mining sites. Hence, the use of non-invasive approaches 
such as collection of birds’ tail feathers and plant leaves, respectively, 
should be considered in biomonitoring the health of mining sites and              
environs. Finally, inhabitants of mining sites should plant more trees 
given that they have a well-established ability to absorb, detoxify, and 
withstand higher concentrations of heavy metal pollution that may 
have an adverse effect on biodiversity, the environment, and human 
health.

Declarations
Conflict of Interest

All the authors declared no conflict for the publication of this      
article.

Acknowledgement

This work was supported by the Tertiary Education Trust Fund 
(FUL/VC/TETF/010/VOLI/IBR) and the Management of the Federal 
University of Lafia. Also, we are most grateful to the miners and sur-
rounding communities who granted us access during the course of 
this study.

References
1.	 Ali MM, Delower H, Al Imran, Maksuda B, Mahadi HO, et al. (2021) En-

vironmental Pollution with Heavy Metals A Public Health Concern. Inte-
chOpen, p. 1-19.

2.	 Hutchinson TC, Meema KM (1987) Heavy Metal Pollution and the Need 
for Monitoring: Illustrated for Developing Countries in West Africa. United 
Kingdom John Wiley Sons Ltd, pp. 335-341.

3.	 Singh N, Li JH (2014) Environmental Impacts of Lead Ore Mining and 
Smelting. Advanced Materials Research 878: 338-347. 

4.	 (2003) ATSDR. Agency for toxic substances and disease registry.

5.	 Jaishankar M, Tseten T, Anbalagan N, Mathew BB, Beeregowda KN (2014) 
Toxicity mechanism and health effects of some heavy metals. Interdiscip 
Toxicol 7(2): 60-72.

6.	 Wani AL, Ara A, Usmani JA (2015) Lead toxicity a review. Interdiscip Tox-
icol 8(2): 55-64. 

7.	 Pope LM (2005) Assessment of Contaminated Streambed Sediment in the 
Kansas Part of the Historic Tri-State Lead and Zinc Mining District, Chero-
kee County, 2004. U.S. Fish & Wildlife Service and the Kansas Department 
of Health and Environment Manhattan, KS, USA. 

8.	 Vander Merwe D, Carpenter JW, Nietfeld JC, Miesner JF (2011) Adverse 
health effects in Canada geese (Branta canadensis) associated with waste 
from zinc and lead mines in the Tri-State Mining District (Kansas, Oklaho-
ma, and Missouri, USA). J Wildl Dis 47(3): 650-660. 

9.	 Plaza PI, Uhart M, Caselli A, Wiemeyer G, Lambertucci SA (2018) A review 
of lead contamination in South American birds the need for more research 
and policy changes. Perspectives in Ecology and Conservation 16(4): 201-
207. 

10.	 Haig SM, DElia J, Eagles Smith C, Fair JM, Gervais J, et al. (2014) The per-
sistent problem of lead poisoning in birds from ammunition and fishing 
tackle. The Condor 116: 408-428.

11.	 Franson JC, Pain DJ, WN Beyer, JP Meador (2011) Environmental Contami-
nants in Biota: Interpreting Tissue Concentrations 2nd Edition. Boca Raton 
Florida USA CRC Press, pp. 563-593.

http://dx.doi.org/10.26717/BJSTR.2023.53.008400
https://www.researchgate.net/publication/352960255_Environmental_Pollution_with_Heavy_Metals_A_Public_Health_Concern
https://www.researchgate.net/publication/352960255_Environmental_Pollution_with_Heavy_Metals_A_Public_Health_Concern
https://www.researchgate.net/publication/352960255_Environmental_Pollution_with_Heavy_Metals_A_Public_Health_Concern
https://scope.dge.carnegiescience.edu/SCOPE_31/SCOPE_31_2.15_Chapter20_335-341.pdf
https://scope.dge.carnegiescience.edu/SCOPE_31/SCOPE_31_2.15_Chapter20_335-341.pdf
https://scope.dge.carnegiescience.edu/SCOPE_31/SCOPE_31_2.15_Chapter20_335-341.pdf
https://www.researchgate.net/publication/270477443_Environmental_Impacts_of_Lead_Ore_Mining_and_Smelting
https://www.researchgate.net/publication/270477443_Environmental_Impacts_of_Lead_Ore_Mining_and_Smelting
https://www.atsdr.cdc.gov/
https://pubmed.ncbi.nlm.nih.gov/26109881/
https://pubmed.ncbi.nlm.nih.gov/26109881/
https://pubmed.ncbi.nlm.nih.gov/26109881/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4961898/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4961898/
https://pubs.usgs.gov/sir/2005/5251/report.pdf
https://pubs.usgs.gov/sir/2005/5251/report.pdf
https://pubs.usgs.gov/sir/2005/5251/report.pdf
https://pubs.usgs.gov/sir/2005/5251/report.pdf
https://meridian.allenpress.com/jwd/article/47/3/650/121646/ADVERSE-HEALTH-EFFECTS-IN-CANADA-GEESE-BRANTA
https://meridian.allenpress.com/jwd/article/47/3/650/121646/ADVERSE-HEALTH-EFFECTS-IN-CANADA-GEESE-BRANTA
https://meridian.allenpress.com/jwd/article/47/3/650/121646/ADVERSE-HEALTH-EFFECTS-IN-CANADA-GEESE-BRANTA
https://meridian.allenpress.com/jwd/article/47/3/650/121646/ADVERSE-HEALTH-EFFECTS-IN-CANADA-GEESE-BRANTA
https://www.sciencedirect.com/science/article/pii/S2530064417302067
https://www.sciencedirect.com/science/article/pii/S2530064417302067
https://www.sciencedirect.com/science/article/pii/S2530064417302067
https://www.sciencedirect.com/science/article/pii/S2530064417302067
https://peecnature.org/wp-content/uploads/2017/09/Haig-et-al-2014-Pb-Birds.pdf
https://peecnature.org/wp-content/uploads/2017/09/Haig-et-al-2014-Pb-Birds.pdf
https://peecnature.org/wp-content/uploads/2017/09/Haig-et-al-2014-Pb-Birds.pdf
https://www.taylorfrancis.com/books/oa-edit/10.1201/b10598/environmental-contaminants-biota-nelson-beyer-james-meador
https://www.taylorfrancis.com/books/oa-edit/10.1201/b10598/environmental-contaminants-biota-nelson-beyer-james-meador
https://www.taylorfrancis.com/books/oa-edit/10.1201/b10598/environmental-contaminants-biota-nelson-beyer-james-meador


Copyright@ : Ombugadu A | Biomed J Sci & Tech Res | BJSTR.MS.ID.008400.

Volume 53- Issue 3 DOI: 10.26717/BJSTR.2023.53.008397400

44725

12.	 Perez Lopez M, Hermoso de Mendoza M, Beceiro AL, Rodriguez FS (2008) 
Heavy metals Cd Pb Zn and metalloid as content in raptor species from 
Galicia NW Spain. Ecotoxicology and Environmental Safety 70(1): 154-
162.

13.	  Aziz B, Zubair M, Irshad N, Ahmad KS, Mahmood M, et al. (2021) Biomon-
itoring of Toxic Metals in Feathers of Birds from North‑Eastern Pakistan. 
Bulletin of Environmental Contamination and Toxicology 106: 805-811. 

14.	  Ding J, Wang S, Yang W, Zhang H, Yu F, et al. (2023) Tissue distribution and 
association of heavy metal accumulation in a freeliving resident passer-
ine bird tree sparrow Passer montanus. Environmental Pollution 316(1): 
120547. 

15.	 Bellrose FC (1959) Lead poisoning as a mortality factor in waterfowl pop-
ulations. Illinois Natural History Survey 27: 1-6.

16.	 Kendall RJ, Lacker TE, Bunck C, Daniel B, Driver C, et al. (1996) An ecolog-
ical risk assessment of lead shot exposure in nonwaterfowl avian species 
upland game birds and raptors. Environ Toxicol Chem 15(1): 4-20.

17.	 Fisher IJ, Pain DJ, Thomas VG (2006) A review of lead poisoning from am-
munition sources in terrestrial birds. Biol Conserv 131: 421-432.

18.	 Grue C, Hoffman D, Beyer W, Franson L (1986) Lead concentrations and 
reproductive success in European starlings Sturnus vulgaris nesting with-
in highway roadside verges. Environ Pollut Ser A 42(2): 157-182.

19.	 Roux K, Marra P (2007) The presence and impact of environmental lead 
in passerine birds along an urban to rural land use gradient. Arch Environ 
Contam Toxicol 53(2): 261-268.

20.	  Beyer WN, Franson JC, French JB, May T, Rattner BA, et al. (2013) Toxic 
Exposure of Songbirds to Lead in the Southeast Missouri Lead Mining Dis-
trict. Arch Environ Contam Toxicol 65: 598-610. 

21.	  De Francisco N, Ruiz Troya JD, Agüera EI (2003) Lead and lead toxicity in 
domestic and freeliving birds. Avian Pathol 32(1): 3-13.

22.	 Ferreyra H, Beldomenico PM, Marchese K, Romano M, Caselli A, et al. 
(2015) Lead exposure affects health indices in free ranging ducks in Ar-
gentina. Ecotoxicology 24(4): 735-745.

23.	  Ombugadu A, Mwansat GS, Manu SA, Chaskda AA, Ottosson U, et al. (2014) 
Bioaccumulation of Heavy Metals in Birds and Plants Species in Amurum 
Forest Reserve and the Nigerian National Petroleum Corporation Refinery, 
Kaduna, Nigeria. International Journal of Advanced Studies in Engineering 
and Scientific Inventions 2(1): 26-32.

24.	 Arshad M, Silvestre J, Pinelli E, Kallerhoff J, Kaemmerer M, et al. (2008) A 
field study of lead phytoextraction by various scented Pelargonium culti-
vars. Chemosphere 71(11): 2187-2192.

25.	  Pourrut B, Perchet G, Silvestre J, Cecchi M, Guiresse M, et al. (2008) Poten-
tial role of NADPH-oxidase in early steps of lead induced oxidative burst in 
Vicia faba roots. J Plant Physiol 165(6): 571-579.

26.	 Uzu G, Sobanska S, Sarret G, Munoz M, Dumat C (2010) Foliar lead uptake 
by lettuce exposed to atmospheric fallouts. Environ Sci Technol 44(3): 
1036-1042.

27.	  Piotrowska A, Bajguz A, Godlewska Zylkiewicz B, Czerpak R, Kaminska M 
(2009) Jasmonic acid as modulator of lead toxicity in aquatic plant Wolffia 
arrhiza Lemnaceae. Environ Exp Bot 66(3): 507-513.

28.	  Gupta DK, Nicoloso FT, Schetinger M, Rossato LV, Pereira L, et al. (2009) 
Antioxidant defense mechanism in hydroponically grown Zea mays seed-
lings under moderate lead stress. J Hazard Mater 172(1): 479-484.

29.	  Grover P, Rekhadevi P, Danadevi K, Vuyyuri S, Mahboob M, et al. (2010) 
Genotoxicity evaluation in workers occupationally exposed to lead. Int J 
Hyg Environ Health 213(2): 99-106.

30.	  Sammut M, Noack Y, Rose J, Hazemann J, Proux O, et al. (2010) Speciation 
of Cd and Pb in dust emitted from sinter plant. Chemosphere 78(4): 445-
450.

31.	  Sharma P, Dubey RS (2005) Lead toxicity in plants. Braz J Plant Physiol 
17(1): 35-52.

32.	  Uzu G, Sobanska S, Aliouane Y, Pradere P, Dumat C (2009) Study of lead 
phytoavailability for atmospheric industrial micronic and sub-micronic 
particles in relation with lead speciation. Environmental Pollution 157(4): 
1178-1185.

33.	  Seregin IV, Ivanov VB (2001) Physiological aspects of cadmium and lead 
toxic effects on higher plants. Russ J Plant Physiol 48(4): 523-544.

34.	  Tung G, Temple PJ (1996) Uptake and localization of lead in corn Zea mays 
L seedlings a study by histochemical and electron microscopy. Science of 
the Total Environment 188(2-3): 71-85.

35.	  Seregin IV, Shpigun LK, Ivanov VB (2004) Distribution and toxic effects 
of cadmium and lead on maize roots. Russ J Plant Physiol 51(4): 525-533.

36.	 Kopittke PM, Asher CJ, Menzies NW (2008) Prediction of Pb speciation in 
concentrated and dilute nutrient solutions. Environ Pollut 153(3): 548-
554.

37.	  Ginn BR, Szymanowski JS, Fein JB (2008) Metal and proton binding onto 
the roots of Fescue rubra. Chem Geol 253: 130-135.

38.	  Meyers DER, Auchterlonie GJ, Webb RI, Wood B (2008) Uptake and lo-
calization of lead in the root system of Brassica juncea. Environ Pollut 
153(2): 323-332.

39.	  Krzesłowska M, Lenartowska M, Mellerowicz EJ, Samardakiewicz S, Woz-
ny A (2009) Pectinous cell wall thickenings formation a response of moss 
protonemata cells to lead. Environ Exp Bot 65(1): 119-131.

40.	 Tomulescu IM, Radoviciu EM, Merca VV, Tuduce AD (2004) Effect of cop-
per zinc and lead and their combinations on the germination capacity of 
two cereals. Acta Agraria Debreceniensis 15: 39-42.

41.	 Islam E, Yang X, Li T, Liu D, Jin X, et al. (2007) Effect of Pb toxicity on root 
morphology, physiology and ultrastructure in the two ecotypes of Elsholt-
zia argyi. Journal of Hazardous Materials 147(3): 806-816.

42.	 Sengar RS, Gautam M, Garg SK, Sengar K, Chaudhary R, et al. (2009) Lead 
stress effects on physiobiochemical activities of higher plants. Reviews of 
Environmental Contamination and Toxicology 196: 73-93.

43.	 Gupta DK, Huang HG, Yang XE, Razafindrabe BH, Inouhe M (2010) The de-
toxification of lead in Sedum alfredii H is not related to phytochelatins but 
the glutathione. J Hazard Mater 177(1-3): 437-444.

44.	 Maestri E, Marmiroli M, Visioli G, Marmiroli N (2010) Metal tolerance and 
hyperaccumulation: costs and trade-offs between traits and environment. 
Environ Exp Bot 68(1): 1-13.

45.	  UNEP OCHA (2010) Lead Pollution and Poisoning Crisis Environmental 
Emergency Response Mission Zamfara State Nigeria. Geneva Joint UNEP 
OCHA Environmental Unit. 

46.	  Onuoha KM (2016) ‘Nature’s Signatures: Creating Wealth from the Solid 
Minerals Resources of Nasarawa State, Nigeria, p. 23.

47.	  Dauwe T, Lieven B, Ellen J, Rianne P, Ronny B, et al. (2002) Great and blue 
tits feathers as biomonitors for heavy metal pollution. Ecological Indica-
tors 1(4): 227-234.

48.	  Karunagaran VM, Subramanian AN (1999) Organochlorines residues 
in coastal birds from the velar river watershed areas, and parangipettai, 
southern India. Chemisfry and Ecology 16: 197-213.

49.	  Borrow N, Demey R (2014) Birds of Western Africa. Second edn London 
UK Christopher Helm, p. 592.

http://dx.doi.org/10.26717/BJSTR.2023.53.008400
https://pubmed.ncbi.nlm.nih.gov/17617459/
https://pubmed.ncbi.nlm.nih.gov/17617459/
https://pubmed.ncbi.nlm.nih.gov/17617459/
https://pubmed.ncbi.nlm.nih.gov/17617459/
https://link.springer.com/article/10.1007/s00128-021-03184-w
https://link.springer.com/article/10.1007/s00128-021-03184-w
https://link.springer.com/article/10.1007/s00128-021-03184-w
https://www.sciencedirect.com/science/article/pii/S0269749122017614?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0269749122017614?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0269749122017614?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0269749122017614?via%3Dihub
https://iopn.library.illinois.edu/journals/inhs/article/view/172
https://iopn.library.illinois.edu/journals/inhs/article/view/172
https://setac.onlinelibrary.wiley.com/doi/abs/10.1002/etc.5620150103
https://setac.onlinelibrary.wiley.com/doi/abs/10.1002/etc.5620150103
https://setac.onlinelibrary.wiley.com/doi/abs/10.1002/etc.5620150103
https://www.biologicaldiversity.org/campaigns/get_the_lead_out/pdfs/Fisher_et_al_2006.pdf
https://www.biologicaldiversity.org/campaigns/get_the_lead_out/pdfs/Fisher_et_al_2006.pdf
https://pubs.usgs.gov/publication/5220006
https://pubs.usgs.gov/publication/5220006
https://pubs.usgs.gov/publication/5220006
https://pubmed.ncbi.nlm.nih.gov/17549547/
https://pubmed.ncbi.nlm.nih.gov/17549547/
https://pubmed.ncbi.nlm.nih.gov/17549547/
https://link.springer.com/article/10.1007/s00244-013-9923-3
https://link.springer.com/article/10.1007/s00244-013-9923-3
https://link.springer.com/article/10.1007/s00244-013-9923-3
https://pubmed.ncbi.nlm.nih.gov/12745376/
https://pubmed.ncbi.nlm.nih.gov/12745376/
https://pubmed.ncbi.nlm.nih.gov/25634770/
https://pubmed.ncbi.nlm.nih.gov/25634770/
https://pubmed.ncbi.nlm.nih.gov/25634770/
https://www.academia.edu/12532108/BIOACCUMULATION_OF_HEAVY_METALS_IN_BIRDS_AND_SOME_PLANT_SPECIES_IN_AMURUM_FOREST_AND_NNPC_REFINERY_AREA_KADUNA_STATE_NIGERIA
https://www.academia.edu/12532108/BIOACCUMULATION_OF_HEAVY_METALS_IN_BIRDS_AND_SOME_PLANT_SPECIES_IN_AMURUM_FOREST_AND_NNPC_REFINERY_AREA_KADUNA_STATE_NIGERIA
https://www.academia.edu/12532108/BIOACCUMULATION_OF_HEAVY_METALS_IN_BIRDS_AND_SOME_PLANT_SPECIES_IN_AMURUM_FOREST_AND_NNPC_REFINERY_AREA_KADUNA_STATE_NIGERIA
https://www.academia.edu/12532108/BIOACCUMULATION_OF_HEAVY_METALS_IN_BIRDS_AND_SOME_PLANT_SPECIES_IN_AMURUM_FOREST_AND_NNPC_REFINERY_AREA_KADUNA_STATE_NIGERIA
https://www.academia.edu/12532108/BIOACCUMULATION_OF_HEAVY_METALS_IN_BIRDS_AND_SOME_PLANT_SPECIES_IN_AMURUM_FOREST_AND_NNPC_REFINERY_AREA_KADUNA_STATE_NIGERIA
https://hal.science/hal-03577017v1/file/arshad_3729.pdf
https://hal.science/hal-03577017v1/file/arshad_3729.pdf
https://hal.science/hal-03577017v1/file/arshad_3729.pdf
https://pubmed.ncbi.nlm.nih.gov/17931743/
https://pubmed.ncbi.nlm.nih.gov/17931743/
https://pubmed.ncbi.nlm.nih.gov/17931743/
https://pubmed.ncbi.nlm.nih.gov/20063891/
https://pubmed.ncbi.nlm.nih.gov/20063891/
https://pubmed.ncbi.nlm.nih.gov/20063891/
https://www.sciencedirect.com/science/article/abs/pii/S0098847209000744
https://www.sciencedirect.com/science/article/abs/pii/S0098847209000744
https://www.sciencedirect.com/science/article/abs/pii/S0098847209000744
https://pubmed.ncbi.nlm.nih.gov/19625122/
https://pubmed.ncbi.nlm.nih.gov/19625122/
https://pubmed.ncbi.nlm.nih.gov/19625122/
https://pubmed.ncbi.nlm.nih.gov/20153251/
https://pubmed.ncbi.nlm.nih.gov/20153251/
https://pubmed.ncbi.nlm.nih.gov/20153251/
https://pubmed.ncbi.nlm.nih.gov/19919874/
https://pubmed.ncbi.nlm.nih.gov/19919874/
https://pubmed.ncbi.nlm.nih.gov/19919874/
https://www.scielo.br/j/bjpp/a/7yTrYC5ScbBVXZrwMSvVHFg/?format=pdf&lang=en
https://www.scielo.br/j/bjpp/a/7yTrYC5ScbBVXZrwMSvVHFg/?format=pdf&lang=en
https://www.sciencedirect.com/science/article/abs/pii/S0269749108004995
https://www.sciencedirect.com/science/article/abs/pii/S0269749108004995
https://www.sciencedirect.com/science/article/abs/pii/S0269749108004995
https://www.sciencedirect.com/science/article/abs/pii/S0269749108004995
https://www.researchgate.net/publication/226407746_Physiological_Aspects_of_Cadmium_and_Lead_Toxic_Effects_on_Higher_Plants
https://www.researchgate.net/publication/226407746_Physiological_Aspects_of_Cadmium_and_Lead_Toxic_Effects_on_Higher_Plants
https://pubmed.ncbi.nlm.nih.gov/8864244/
https://pubmed.ncbi.nlm.nih.gov/8864244/
https://pubmed.ncbi.nlm.nih.gov/8864244/
https://www.researchgate.net/publication/226849398_Distribution_and_Toxic_Effects_of_Cadmium_and_Lead_on_Maize_Roots
https://www.researchgate.net/publication/226849398_Distribution_and_Toxic_Effects_of_Cadmium_and_Lead_on_Maize_Roots
https://pubmed.ncbi.nlm.nih.gov/17959287/
https://pubmed.ncbi.nlm.nih.gov/17959287/
https://pubmed.ncbi.nlm.nih.gov/17959287/
https://www3.nd.edu/~fein/Publications/Ginn%20ChemGeo%20253(130).pdf
https://www3.nd.edu/~fein/Publications/Ginn%20ChemGeo%20253(130).pdf
https://pubmed.ncbi.nlm.nih.gov/18191314/
https://pubmed.ncbi.nlm.nih.gov/18191314/
https://pubmed.ncbi.nlm.nih.gov/18191314/
https://www.researchgate.net/publication/223053290_Pectinous_cell_wall_thickenings_formation-A_response_of_moss_protonemata_cells_to_lead
https://www.researchgate.net/publication/223053290_Pectinous_cell_wall_thickenings_formation-A_response_of_moss_protonemata_cells_to_lead
https://www.researchgate.net/publication/223053290_Pectinous_cell_wall_thickenings_formation-A_response_of_moss_protonemata_cells_to_lead
https://www.researchgate.net/publication/336234773_Effect_of_Copper_Zinc_and_Lead_and_Their_Combinations_on_the_Germination_Capacity_of_Two_Cereals
https://www.researchgate.net/publication/336234773_Effect_of_Copper_Zinc_and_Lead_and_Their_Combinations_on_the_Germination_Capacity_of_Two_Cereals
https://www.researchgate.net/publication/336234773_Effect_of_Copper_Zinc_and_Lead_and_Their_Combinations_on_the_Germination_Capacity_of_Two_Cereals
https://pubmed.ncbi.nlm.nih.gov/17343984/
https://pubmed.ncbi.nlm.nih.gov/17343984/
https://pubmed.ncbi.nlm.nih.gov/17343984/
https://pubmed.ncbi.nlm.nih.gov/19025093/
https://pubmed.ncbi.nlm.nih.gov/19025093/
https://pubmed.ncbi.nlm.nih.gov/19025093/
https://pubmed.ncbi.nlm.nih.gov/20047791/
https://pubmed.ncbi.nlm.nih.gov/20047791/
https://pubmed.ncbi.nlm.nih.gov/20047791/
https://www.researchgate.net/publication/222822596_Metal_tolerance_and_hyperaccumulation_Costs_and_trade-offs_between_traits_and_environment
https://www.researchgate.net/publication/222822596_Metal_tolerance_and_hyperaccumulation_Costs_and_trade-offs_between_traits_and_environment
https://www.researchgate.net/publication/222822596_Metal_tolerance_and_hyperaccumulation_Costs_and_trade-offs_between_traits_and_environment
https://digitallibrary.un.org/record/717695?ln=en
https://digitallibrary.un.org/record/717695?ln=en
https://digitallibrary.un.org/record/717695?ln=en
https://www.researchgate.net/publication/248412709_Blue_tit_feathers_as_biomonitors_for_heavy_metal_pollution
https://www.researchgate.net/publication/248412709_Blue_tit_feathers_as_biomonitors_for_heavy_metal_pollution
https://www.researchgate.net/publication/248412709_Blue_tit_feathers_as_biomonitors_for_heavy_metal_pollution


Copyright@ : Ombugadu A | Biomed J Sci & Tech Res | BJSTR.MS.ID.008400. 44726

Volume 53- Issue 3 DOI: 10.26717/BJSTR.2023.53.008400

50.	 Bako SP, Funtua II, Ijachi M (2004) Heavy metal content of some Savan-
na plant species in relation to air pollution. Water Air and Soil Pollution 
161(1): 125-136.

51.	  Gochfeld M, Belant JL, Shukla T, Benson T, Burger J (1996) Heavy metals 
in laughing gulls: Gender, age and tissue differences. Environ Toxicol Chem 
15: 2275-2283.

52.	  Pain DJ, Sears J, Newton l (1995) Lead concentrations in birds of prey in 
Britain. Environmental Pollution 87(2): 173-180.

53.	 Oyewo EO, Don-Pedro KN (2002) The Toxicity Ranking of Four Heavy Met-
als of Industrial Source to Six Resident Animals of a Tropical Estuarine 
Lagoon. Toxicological Environmental Chemistry 83(1-4): 87-97. 

54.	 Sani A, Abdullahi IL, Salmatu T (2020) Assessment of heavy metals profile 
in feathers of birds from Kano metropolis Nigeria in 2019. Environmental 
Health Engineering and Management Journal 7(4): 257-262. 

55.	  Gushit JS, Turshak LG, Chaskda AA, Abba BR, Nwaeze UP (2016) Avian 
feathers as bioindicator of heavy metal pollution in urban degraded wood-
land. Ewemen Journal of Analytical Environmental Chemistry 2(2): 84-88.

56.	  Durmus A (2018) The mercury Hg concentrations in feathers of wild 
birds. Applied Ecology and Environmental Research 16(3): 2973-2981. 

57.	  O’Meara T, Marion RW, Roessler CE, Roessler GS, Rinsvelt HAV, et al. 
(1986) Environmental Contamination in Birds: Phosphate-mines and Nat-
ural Wetlands. Florida Institute of Phosphate Research, p. 81.

58.	  Scanlon PF, Oderwald RG, Dietrick TJ, Coggin JL (1980) Heavy metal con-
centrations in feathers of ru€ed grouse shot by Virginia hunter. Bulletin of 
Environmental Contamination and Toxicology 25: 947-949.

59.	  Devkota B, Schmidt GH (2000) Accumulation of heavy metals in food 
plants and grasshoppers from the Taigetos Mountains Greece. Agriculture 
Ecosystems and Environment 78(1): 85-91.

60.	 Alaimo MG, Varrica D (2020) Recognition of Trace Element Contamina-
tion Using Ficus macrophylla Leaves in Urban Environment. International 
Journal of Environmental Research and Public Health 17(3): 881. 

61.	  Adrienn Grúz, Oliver Mackle, András Bartha, Rita Szabó, János Déri (2019) 
Biomonitoring of toxic metals in feathers of predatory birds from eastern 
regions of Hungary. Environ SciPollut Res 26(25): 26324-26331.

62.	 Yamac E, Ozden M, Kirazli C, Malkoc S (2019) Heavy-metal concentrations 
in feathers of cinereous vulture Aegypius monachus L as an endangered 
species in Turkey. Environ Sci Pollut Res 26(1): 833-843.

Submission Link: https://biomedres.us/submit-manuscript.php

Assets of Publishing with us

•	 Global archiving of articles

•	 Immediate, unrestricted online access

•	 Rigorous Peer Review Process

•	 Authors Retain Copyrights

•	 Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2023.53.008400

Ombugadu A. Biomed J Sci & Tech Res 

http://dx.doi.org/10.26717/BJSTR.2023.53.008400
https://www.researchgate.net/publication/226964259_Heavy_Metal_Content_of_Some_Savanna_Plant_Species_in_Relation_to_Air_Pollution
https://www.researchgate.net/publication/226964259_Heavy_Metal_Content_of_Some_Savanna_Plant_Species_in_Relation_to_Air_Pollution
https://www.researchgate.net/publication/226964259_Heavy_Metal_Content_of_Some_Savanna_Plant_Species_in_Relation_to_Air_Pollution
https://pubmed.ncbi.nlm.nih.gov/15091591/
https://pubmed.ncbi.nlm.nih.gov/15091591/
https://www.tandfonline.com/doi/abs/10.1080/716067226
https://www.tandfonline.com/doi/abs/10.1080/716067226
https://www.tandfonline.com/doi/abs/10.1080/716067226
https://www.researchgate.net/publication/349669210_Assessment_of_heavy_metals_profile_in_feathers_of_birds_from_Kano_metropolis_Nigeria_in_2019
https://www.researchgate.net/publication/349669210_Assessment_of_heavy_metals_profile_in_feathers_of_birds_from_Kano_metropolis_Nigeria_in_2019
https://www.researchgate.net/publication/349669210_Assessment_of_heavy_metals_profile_in_feathers_of_birds_from_Kano_metropolis_Nigeria_in_2019
https://www.researchgate.net/publication/324681028_AVIAN_FEATHERS_AS_BIOINDICATOR_OF_HEAVY_METAL_POLLUTION_IN_URBAN_DEGRADED_WOODLAND
https://www.researchgate.net/publication/324681028_AVIAN_FEATHERS_AS_BIOINDICATOR_OF_HEAVY_METAL_POLLUTION_IN_URBAN_DEGRADED_WOODLAND
https://www.researchgate.net/publication/324681028_AVIAN_FEATHERS_AS_BIOINDICATOR_OF_HEAVY_METAL_POLLUTION_IN_URBAN_DEGRADED_WOODLAND
https://www.researchgate.net/publication/326173131_The_mercury_Hg_concentrations_in_feathers_of_wild_birds
https://www.researchgate.net/publication/326173131_The_mercury_Hg_concentrations_in_feathers_of_wild_birds
https://www.researchgate.net/publication/222680545_Accumulation_of_heavy_metals_in_food_plants_and_grasshoppers_from_the_Taigetos_Mountains_Greece
https://www.researchgate.net/publication/222680545_Accumulation_of_heavy_metals_in_food_plants_and_grasshoppers_from_the_Taigetos_Mountains_Greece
https://www.researchgate.net/publication/222680545_Accumulation_of_heavy_metals_in_food_plants_and_grasshoppers_from_the_Taigetos_Mountains_Greece
https://www.mdpi.com/1660-4601/17/3/881
https://www.mdpi.com/1660-4601/17/3/881
https://www.mdpi.com/1660-4601/17/3/881
https://pubmed.ncbi.nlm.nih.gov/31290042/
https://pubmed.ncbi.nlm.nih.gov/31290042/
https://pubmed.ncbi.nlm.nih.gov/31290042/
https://pubmed.ncbi.nlm.nih.gov/30415366/
https://pubmed.ncbi.nlm.nih.gov/30415366/
https://pubmed.ncbi.nlm.nih.gov/30415366/
http://dx.doi.org/10.26717/BJSTR.2023.53.008400

