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ABSTRACT

Environmental contamination by heavy metals is a leading concern, particularly in aquatic ecosystems where pollutants
can accumulate and disrupt ecosystem balance. This study evaluates the presence of manganese (Mn), lead (Pb), copper
(Cu), and zinc (Zn) in water, soil, and Bubulcus ibis (cattle egret) feathers collected from selected sites in Pakpattan,
Punjab, Pakistan. 24 samples comprising (8 soil, 8 water, 8 avian) feathers were obtained from four canal locations.
Heavy metal concentrations were analyzed by atomic absorption spectrophotometry, with measured concentrations in
samples as follows: Mn (water: 19.56+4.01, soil: 14.01+£5.60, feathers: 2.06+0.53), Pb (water: 7.97+1.62, soil:
11.81£1.51, feathers: 10.30£1.57), Cu (water: 7.43£1.04, soil: 6.75£1.16, feathers: 3.09+0.59), and Zn (water:
0.62+0.21, soil: 2.34+0.76, feathers: 7.18+1.32). Results showed significant differences (p < 0.05) in concentrations
across media for Mn, Cu, and Zn: Zn accumulated predominantly in feathers, while Mn and Cu were highest in water
and soil. Pb showed no significant variation (p = 0.244). Correlation analysis revealed possible contamination sources
and pathways affecting metal distribution. These findings highlight the potential of avian feathers as bio-indicators for
monitoring heavy metal pollution and emphasize the necessity for ongoing environmental assessment and conservation
efforts.
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INTRODUCTION decreased fitness, and reproductive problems (Govind
and Madhuri, 2014). Anthropogenic activities such as
Due to industrialization, urbanization, and rapid industrial discharge, agrochemicals, electroplating, and
consumption of fuels by industry, houscholds, and fuel emissions are the cause of their environmental
transportation vehicles environmental pollution has presence (Panagos ez al., 2018). Pigment production,
increased (Swaileh and Sansur, 2006: Ajibade et al., organic waste, pharmaceuticals, agrochemicals, industrial
2021). Metals are non-degradable and persist in the emissions, plastics, electroplating and fuel emissions all
atmosphere, where they may be bioaccumulated (Kontas, contribute to toxic metal accumulation in environment

2007). Heavy metals are highly toxic and lethal to the ~ (Baigefal,2024). . . .
environment (Duffus, 2002: Jomova et al., 2024). Numerous  biological matrices, including
Lead (Pb), mercury (Hg), cadmium (Cd), copper feathers, excrement, eggs, muscles, and internal organs
(Cu), chromium (Cr), zinc (Zn), manganese (Mn), nickel like the liver and kidneys, can be used to measure the
(Ni), etc. are most common heavy metals present in the accumulation of heavy metals in birds. Both natural and
environment (Taee et al, 2020). Metal toxicity is the man—mgd'e _ processes, S‘}Ch as urbanization,
reason of oxidative stress in fishes and this stress affects industrialization, ~and Irrigation techniques, are. the
growth and fertility by weakening immune system, sources of thpse metals, which greatly .contamlnate
causing organ and tissue damage, impairing growth, and Pakistan's environment (Alloway, 1995; Biswas, 2023;
impairing fertility (Rahman et al., 2023). These metals Mltran et .al., 2024). Aquatic birds experience
disrupt an organism's physiological and metabolic bioaccumulation as a result of wastewater flow from
processes, which frequently results in oxidative stress, industrial and residential sources polluting waterways and
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agricultural areas. In particular, the use of fertilizers and
pesticides containing toxic metals, as well as mining
activities, steel mills, tanneries, thermal power plants, and
battery production, are the main causes of soil and water
pollution in agricultural areas (Amman et al., 2002;
Nandakumar et al., 2025).

Among birds, the cattle egret (Bubulcus ibis) is
a common waterbird that forages in wetlands and
agricultural areas, which makes it especially vulnerable to
environmental pollutants. It is a useful bioindicator of
heavy metal exposure in contaminated environments
because of its eating habits, site fidelity, and convenience
of feather sample (Malik and Zeb, 2009). While earlier
research has looked at the buildup of heavy metals in
avifauna around the world, nothing is known about the
concentrations and trends of these pollutants in aquatic
birds in Punjab, especially in the canal-irrigated agro-
ecosystems of Pakpattan. The risk of metal pollution in
water, soil, and wildlife is increased by the region's high
level of agricultural activity and uncontrolled pesticide
usage.

Thus, the current study is to evaluate the levels
of four heavy metals in water, soil, and Bubulcus ibis
feathers taken from specific canal sites in District
Pakpattan, Punjab, Pakistan: manganese (Mn), lead (Pb),
copper (Cu), and zinc (Zn). The purpose of this study is
to assess the metals' spatial distribution and determine
whether Bubulcus ibis feathers may be used as a non-
invasive biomonitoring method for environmental metal
contamination.

MATERIALS AND METHODS

Study area: This study assessed heavy metal
concentrations in water, soil, and aquatic avifauna in
Pakpattan, Punjab, Pakistan, encompassing two tehsils

Punjab Province
NMiap
District Wise

Total Districts = 36
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and spanning approximately 0.674 million acres, is
geographically positioned between 30.06° to 30.38° N
latitude and 73.03° to 73.36° E longitude. The region
experiences a  subtropical continental climate,
characterized by extreme summer temperatures that can
soar to 49°C in May and June. Monsoonal conditions
bring annual rainfall ranging from 300 to 400 mm, while
winter temperatures in December and January can
plummet to freezing levels.

Sample collection: A total of 24 samples were collected
from four sites in District Pakpattan: Pakpattan Canal,
Bakha Canal, Khader Canal, and Dike Chak Moher Singh
Canal. At each site, six samples were obtained, including
two water samples, two soil samples, and two chest
feather samples from Bubulcus ibis (cattle egret). This
resulted in eight samples for each type across all sites
(water: n = 8; soil: n = §; feathers: n = 8). All samples
were collected under an approved animal ethics protocol
(Approval No. DR/1003).

Table-1: Geospatial distribution of collected Samples

Sample Locations Latitude Longitude
Pakpattan Canal 30°22'60" N 73°52'0" E
Bakha Canal 30°20'34.5"N 73°13'59.3"E
Khader Canal 30°2'8.77" N 72°3424.28" E
Dike Chak Moher  30°14'37.2"N 73°04'42.5"E
Singh Canal

Birds (cattle egrets) were captured by using
traps and immediately set free after taking samples. All
collected samples were transported to the Department of
Wildlife and Ecology Laboratory at Ravi Campus,
Pattoki, for further processing and analysis.

Fig.1. Depiction of Province Punjab, Pakistan on mapLink: https://www.nation.com.pk/06-May-2012/south-punjab-
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Fig.2: Study Area Map of Sampling Sites from District Pakpattan

Feathers samples preparation and digestion: Feather
samples were first rinsed with tap water, followed by 1M
acetone and triple washing with distilled water to remove
contaminants. Samples were air-dried and then dried in
an oven at 105°C for approximately 2-3 hours. For easy
digestion, feathers were cut into pieces by the use of
stainless steel scissors. Feather sample of 0.5 g was
transferred to quartz crucibles, and 1.0ml HNO; and
0.25ml HCIO4 were added in the crucibles (covered with
lid) and digested on hot plate. Initially on low
temperature and then gradually increasing the
temperature and continued until the mixture became pale
yellow. Completely digested samples were filtered and
diluted by using 50ml distilled water and stored in sample
bottles at -20°C (Nighat et al., 2013).

Soil samples preparation and digestion: Samples of
soil were allowed to air dry before being pulverized with
a mortar and pestle and sieved to a size of 2 mm. After
treating a 3 g sample with 3.5 mL HNO3; and 10 mL HCI,
it was placed in a fume hood for the entire night and
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heated for two hours at 104°C. For analysis, the solution
was filtered, diluted, and kept in plastic bottles.

(Ogundele et al., 2015).

Water samples preparation and digestion: 10 ml of
water samples were taken and digested with 5Sml HCI and
2ml HNOj;, The samples then were heated at 95°C until a
clear solution was obtained. The solution was filtered and
cooled. Final volume was adjusted on 50ml (Ashraf et al.,
2021).

Metal Analysis and Quality Control: Digested samples
were analyzed for metal content (Pb, Zn, Cu and Mn)
using atomic absorption spectrophotometer (Bankaji et
al., 2023). These analyses were performed at Advanced
Central Research Laboratory, Department of Chemistry,
Lahore College for Women University, Lahore

Statistical analysis: IBM SPSS Statistics 20 was used to
compute descriptive statistics (means and standard
errors). Tukey's HSD test was performed for multiple
comparisons. One-way ANOVA was performed to
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evaluate significant differences in the concentrations of
heavy metals (Mn, Pb, Cu, and Zn) across the three
sample matrices (water, soil, and feathers). To investigate
the correlations between metals across sample categories,
Pearson correlation analysis was used (Chandrasekaran et
al., 2015).

RESULTS

Comparison with international safety standards:
Heavy metal concentrations were compared against
international safety standards. Table 2 summarizes the
mean concentrations (+SE) of heavy metals across the
three environmental media. One-way ANOVA revealed
statistically significant differences (p < 0.05) among
matrices for Mn, Cu, and Zn. Zn concentrations were
significantly higher in feathers, whereas Mn and Cu were
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more concentrated in water and soil. However, Pb levels
did not show significant variation across sample types (p
=0.244).

The optimal ranges for heavy metals in water,
soil, and feathers were derived from WHO guidelines
(2011, 2017) for water, de Vries (2012) for soil, and
Burger (1993) and Dauwe ef al. (2003) for avian feathers.

Water: Pb (7.97 ppm) and Cu (7.43 ppm) were 59% and
272% higher than safety limits, respectively, reflecting
industrial/agricultural contamination.

Soil: No metal was present outside safe levels, but Pb
(11.81 ppm) should be monitored for steady build-up.

Feathers: Pb (10.30 ppm) was above bird toxicity levels
(6 ppm), reflecting bioaccumulation hazards.

Table 2: Heavy metal concentrations (ppm) with optimal range comparison.

Metal Matrix Mean + SE Optimal Range” % Above Optimal Significance
Pb Water 7.97 £1.62 1.0-5.0 ng/L 59% 1 Exceeded
Soil 11.81 + 1.51 50-300 mg/kg Below Safe
Feathers 10.30 + 1.57 2-6 mg/kg 72% 1 Exceeded
Mn Water 19.56 £ 4.01 50-500 pg/L Below Safe
Soil 14.01 £5.60 300-900 mg/kg Below Safe
Feathers 2.06 +£0.53 1-5 mg/kg Within Normal
Cu Water 7.43 +1.04 1-2 mg/L 272% 1 Exceeded
Soil 6.75+1.16 30-100 mg/kg Below Safe
Feathers 3.09 +0.59 2-10 mg/kg Within Normal
Zn Water 0.62+0.21 0.1-5 mg/L Within Safe
Soil 2.34+0.76 70-400 mg/kg Below Safe
Feathers 7.18+1.32 50-200 mg/kg Below Safe

Table 3: Pearson correlation coefficients between heavy metals (Pb, Mn, Cu, and Zn) across all sample matrices

(water, soil, and feathers) of cattle egret.

Pb Mn Cu Zn
Pb 1
Mn -0.019 1
Cu -0.024 0.510" 1
Zn 0.009 -0.524™ -0.583" 1
Correlation coefficients (1) represent common anthropogenic sources such irrigation inputs or

relationships between different metal concentrations,
calculated by pooling data from all matrices (water, soil,
feathers). “Significant at p < 0.05; ““highly significant at p
<0.01 (2-tailed).

Using pooled data from all sample matrices
(water, soil, and feathers), Pearson correlation
coefficients were computed to investigate connections
between concentrations of several heavy metals (Pb, Mn,
Cu, and Zn). A substantial positive connection between
Mn and Cu was found in the analysis (r = 0.510, p <
0.05), indicating that these metals might come from
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agricultural runoff. On the other hand, Zn exhibited
substantial negative correlations with both Cu (r = -0.583,
p < 0.01) and Mn (r = -0.524, p < 0.01), suggesting
distinct accumulation processes or environmental
behavior.  These  associations  show  different
bioavailability in different environmental compartments
and intricate metal interactions.

Box-and-whisker plots for Mn, Pb, Cu, and Zn
in soil, water, and feathers are shown in Figure 3. Plots of
the various sample types show outliers and variability.
Water and soil had much higher levels of Mn and Cu,
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whereas feathers had significantly higher levels of Zn.
The non-significant p-value from the ANOVA was in line

J. Anim. Plant Sci., 36 (1) 2026

with the overlapping distributions of Pb levels.
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Figure 3: Box-and-whisker plots of metals in water, soil and feathers of cattle egret

DISCUSSION

In developing places like South Asia, where
untreated industrial and domestic discharges often
infiltrate natural water bodies, environmental pollution—
especially from heavy metals—poses a serious ecological
concern (Samsonova and Kirilenko, 2024; Karn and
Harada, 2001). This issue is made worse in Pakistan by
the extensive use of agrochemicals and the country's fast
urbanization, particularly in areas that receive irrigation
from canals like Pakpattan.

Because of their place in the food -chain,
exposure to contaminants at different trophic levels, and
physiological sensitivity to them, birds are generally
acknowledged as reliable bioindicators of metal
contamination (Lodenius and Solonen, 2013; Jota
Baptista et al., 2022). This idea is supported by our data,
which showed notable variations in Mn, Cu, and Zn
concentrations between soil, water, and Bubulcus ibis
feathers.

In comparison to Malik and Zeb (2009), who
found significantly greater levels of Zn (133.8 ppm) and
Pb (37.5 ppm) in cattle egret feathers from more
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industrialized sites, the heavy metal concentrations found
in the current study were typically lower. Similarly, very
high zinc levels (63.3 ppm) in Egretta alba were found
by Honda et al. (1986). These discrepancies could be the
result of buildup unique to a species, different sources of
pollution, or variations in the sample conditions. Our soil
and water samples have comparatively greater metal
concentrations than those of Pandiyan et al. (2020) and
Tan et al. (2021), most likely as a result of Pakpattan's
confined wastewater discharge and agricultural runoff.

According to previous research (Malik and Zeb,
2009), zinc was found in the highest amounts in feathers.
This suggests that zinc is bioaccumulated through food
intake and metabolic affinity for keratin-binding. Zn may
enter the food chain through fertilizer use and agricultural
runoff, which is consistent with the elevated Zn levels. In
contrast, Mn and Cu were more prevalent in soil and
water, most likely as a result of contamination from
irrigation and soil leaching. These results lend credence
to the notion that metals' environmental partitioning
varies according to their chemical characteristics and
regional consumption patterns (Pandiyan et al., 2020; Tan
etal., 2021).
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Interestingly, Pb was found in all media but did
not exhibit statistically significant change among
matrices (p = 0.244). This implies that there is either a
large baseline concentration of lead in the environment or
that there is not enough data to identify minute variations.
Furthermore, Pb's extended half-life and persistence in
sediments may lead to a more uniform distribution,
particularly if birds are exposed in comparable polluted
locations. Other investigations that found Pb exposure to
be widespread but did not statistically distinguish
between organs also found similar results (Sanpera ef al.,
2000; Hernandez et al., 1999).

Mn and Cu showed a positive correlation,
according to correlation analysis, suggesting that they
came from the same or co-occurring sources, including
agricultural effluents. Zn, on the other hand,
demonstrated strong negative associations with both Mn
and Cu, pointing to a unique biological regulation pattern
or contamination process. These connections show
intricate metal dynamics in the environment that are
impacted by biotic absorption processes as well as human
inputs.

For instance, our Zn and Pb levels were
somewhat lower than those of Malik and Zeb (2009),
who observed greater levels in the feathers of cattle
egrets from more urbanized areas. This could be because
of wvariations in industrial loads or modifications in
agricultural methods. Our results are significantly lower
than the extraordinarily high Zn levels (63.3 ppm)
reported in FEgretta alba by Honda et al. (1986),
suggesting possible interspecies and geographical
variations in metal uptake.

The feathers of Bubulcus ibis may be useful as a
non-invasive biomonitoring method for identifying metal
contamination in canal-based agro-ecosystems, according
to our findings. Programs for avian-specific
biomonitoring should be a part of Pakpattan conservation
initiatives. Regulators ought to enforce appropriate waste
management, limit the overuse of pesticides and
fertilizers high in metals, and encourage safer farming
methods. Future research on bioaccumulation trends
would benefit from the establishment of reference
locations for baseline metal levels.

This investigation validates the existence of
heavy metals in soil, water, and cattle egret feathers at a
few Pakpattan canal sites. The regional variation in metal
concentrations that has been observed emphasizes the
necessity of continuous environmental monitoring and
the incorporation of bird bioindicators into public health
and conservation monitoring initiatives.

Conclusion: The study's conclusions show that heavy
metal pollution, which mostly comes from industrial
processes, brick kilns, agricultural runoff, and vehicle
emissions, is a real risk to Pakpattan's aquatic
ecosystems. Significant amounts of Mn, Cu, and Zn were
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found in soil, water, and cattle egret feathers; a high
accumulation of Zn was seen in the feathers. Despite
being found in all media, Pb did not differ statistically
significantly between sample types. An efficient, non-
invasive  biomonitoring method for determining
environmental contamination was the use of feathers
from Bubulcus ibis. In order to protect local biodiversity,
these findings emphasize the critical necessity for
ongoing monitoring, the implementation of sustainable
agriculture methods, and the enforcement of pollution
control laws.

Acknowledgments: We gratefully acknowledge Mr.
Muhammad Asif (PhD Scholar) for providing ethically
collected feather samples of Bubulcus ibis used in this
research.

REFERENCES

Ahmad, W. Alharthy, R.D. Zubair, M. Ahmed, M.
Hameed, A. Rafique, S. (2021). Toxic and heavy
metals contamination assessment in soil and
water to evaluate human health risk. Sci rep.
11(1):17006. https://doi.org/10.1038/s41598-
021-94616-4

Ajibade, F. O. Adelodun, B. Lasisi, K. H. Fadare, O. O.

Ajibade, T. F. Nwogwu, N. A. Sulaymon, I. D.

Ugya, A.Y. Wang, H. C. Wang, A. (2021).

Environmental pollution and their

socioeconomic impacts. InMicrobe mediated

remediation of environmental contaminants.

Woodhead Publish. 321-354. https://doi.org/

10.1016/B978-0-12-821199-1.00025-0

J. B. (1995). Soil pollution and Iland
contamination. In: Harrison RM (Ed). Pollution:

Causes, effects and control. p: 844-852.

Amman, A. A. Michalke, B and Schramel, P. (2002).
Speciation of heavy metals in environmental
water by ion chromatography coupled to ICP-
MS. Anal. Biochem. 372:  448-452.
https://doi.org/10.1007/s00216-001-1115-8

Ashraf, 1. Ahmad, F. Sharif, A. and Teng, H. (2021).

Heavy metals assessment in water, soil,

vegetables and their associated health risks via

consumption of vegetables, District Kasur,

Pakistan. SN  Appl. Sci. 3: 552-561.

https://doi.org/10.1007/s42452-021-04547-y

Hussain, M. Ahmad, A. Hameed, M. Abdullah,

M. Naeem, M. Qadir, A. Abbas, G. and Ather,

N. (2024). Risk Assessment of Chromium, Lead

and Cadmium in Feed, Water and Shed Feather

of Some Captive Birds at Lahore Zoo, Pakistan.

Remit. Rev. 9(S3): 143-158.

Bankaji, I. Kouki, R. Dridi, N. Ferreira, R. Hidouri, S.
Duarte, B. Sleimi, N. and Cagador, 1. (2023).
Comparison of digestion methods using atomic

Alloway,

Baig, A.



Akram et al.,

absorption spectrometry for the determination of
metal levels in plants. Separat. 10(1): 40.
https://doi.org/10.3390/separations 10010040

Biswas S. (2023). Birds as intrinsic bio-indicators for
probing heavy metal contamination signatures in
polluted Environmental matrices. In Heavy
Metals-Recent Advances. IntechOpen. https://
doi.org/ 10.5772/intechopen.110449

Burger, J. (1993). Metals in avian feathers: bioindicators
of environmental pollution. Rev. Environ.
Toxicol. 5: 203-311. https://doi.org/ 10.1007/
978-1-4615-2878-6 9

Chandrasekaran, A. Ravisankar, R. Harikrishnan, N.
Satapathy, K.K. Prasad, M.VR. and
Kanagasabapathy, K. V. (2015). Multivariate
statistical analysis of heavy metal concentration
in soils of Yelagiri Hills, Tamilnadu, India-
Spectroscopical approach. Spectrochim. Acta.
Part A. Mol. Biomol. Spectrosc. 137: 589-600.
https://doi.org/10.1016/j.saa.2014.08.093

Dauwe, T. Bervoets, L. Blust, R. Pinxten, R. and Eens M.
(2003). Variation of heavy metals within and
among feathers of birds of prey: effects of molt
and external contamination. Environ. Pollut.
124(3): 429-436. DOI: https://doi.org/ 10.1016/
S0269-7491(03)00044-7

de Vries W, Groenenberg JE, Lofts S, Tipping E, Posch
M. Critical loads of heavy metals for soils.
InHeavy metals in soils: trace metals and
metalloids in soils and their bioavailability 2012

Jun 6 (pp. 211-237). Dordrecht: Springer
Netherlands.

Duffus, J.H. (2002). “Heavy metals”— a meaningless
term. Pure Appl. Chem. 74: 793-807.

https://doi.org/10.1515/c1.2001.23.6.163

Govind, P. and Madhuri, S. (2014). Heavy Metals
Causing Toxicity in Animals and Fishes. Fish.
Int. J. animal vet. fishery sci. 2: 17-23.

Honda K. Min BY. Tatsukawa R. (1986). Distribution of
heavy metals and their age-related changes in
the eastern great white egret, Egretta alba
modesta, in Korea. Archives of Environmental
Contamination and Toxicology. 15(2):185-97.

Hernandez, L. M. Gémara, B. Fernandez, M. Jiménez, B.
Gonzalez, M. J. Baos, R. Hiraldo, F. Ferrer, M.
Benito, V. Sufier, M. A. Devesa, V. Munoz, O.
and Montoro, R. (1999). Accumulation of heavy
metals and As in wetlands birds in the area
around Dofiana National Park affected by the
Aznalcollar toxic spill. Sci. Tot. Environ., 242:
293-308.  https://doi.org/10.1016/S0048-9697
(99)00397-6

Rahman AN, Elkhadrawy BA, Mansour AT, Abdel-
Ghany HM, Yassin EM, Elsayyad A, Alwutayd
KM, Ismail SH, Mahboub HH. Alleviating effect
of a magnetite (Fe304) nanogel against

191

J. Anim. Plant Sci., 36 (1) 2026

waterborne-lead-induced physiological
disturbances, histopathological changes, and
lead bioaccumulation in African catfish. Gels.
2023 Aug 8;9(8):641.
https://doi.org/10.3390/gels908064 1

Jota Baptista, C. Seixas, F. Gonzalo-Orden, J. M. and
Oliveira P. A. (2022). Biomonitoring of heavy
metals and metalloids with wild mammals in the
Iberian Peninsula: a systematic review. Environ.
Rev. 31(1): 66-75. https://doi.org/10.1139/er-
2022-0071

Karn, S. K. and Harada, H. (2001). Surface water
pollution in three urban territories of Nepal,
India, and Bangladesh. J. Environ. Managem.
28:483-496. DOI: 10.1007/s002670010238

Kontas, A. (2007). Trace metals (Cu, Mn, Ni, Zn, Fe)
contamination in marine sediment and
zooplankton samples from Izmir Bay (Aegean
Sea, Turkey). Water Air Soil Pollut. 188: 323-
333. DOI 10.1007/s11270-007-9547-1

Li, A. Kiani, F. A. Liao, J. Liu, F. and Chang, Y. F.
(2025). The Role of Gut Microbiota in Animal
Gastrointestinal Diseases. Front. Cell. Infect.
Microbiol. 15:1554277. https://doi.org/
10.3389/fcimb.2025.1554277

Lodenius, M. and Solonen, T. (2013). The use of feathers
of birds of prey as indicators of metal pollution.
Ecotoxicol. 22(9): 1319-1334.
https://doi.org/10.1007/s10646-013-1128-z

Malik, R.N. and Zeb, N. 2009. Assessment of
environmental contamination using feathers of
Bubulcus ibis L., as a biomonitor of heavy metal
pollution, Pakistan. Ecotoxicol. /8(5), pp.522-
536. https://doi.org/10.1007/s10646-009-0310-9

Mitran, T. Gunnam, J. R. Gourigari, S. and Kandrika, S.
(2024). Assessment of depth wise distribution,
enrichment, contamination, ecological risk and
sources of soil heavy metals over an Industrial
area in Southern India. J. Geochem. Explor. 257:
107379. https://doi.org/10.1016/  j.gexplo.
2023.107379

Nandakumar, N. P. Naveenkumar, M. and Senthilkumar,
K. (2025). Heavy metal harmony: Sustainable
solutions for industrial effluent treatment.
InMetal Value Recovery from Industrial Waste
Using Advanced Physicochemical Treatment
Technologies. Elsevier. 55-69. https:/doi.org/
10.1016/B978-0-443-21884-2.00004-6

Nighat, S. Igbal, S. Nadeem M. S. Mahmood, T. and
Shah, S. I. (2013). Estimation of heavy metal
residues from the feathers of Falconidae,
Accipitridae, and Strigidae in Punjab, Pakistan.
Turkish J. Zool. 37(4): 488-500. https://doi.org/
10.3906/z00-1112-1

Ogundele, D. T. Adio, A. A. and Oludele OE. (2015).
Heavy Metal Concentrations in Plants and Soil




Akram et al.,

along Heavy Traffic Roads in North Central
Nigeria. J. Environ. Anal. Toxicol. 5: 334.
http://dx.doi.org/10.4172/2161-0525.1000334

Panagos, P. Ballabio, C. Lugato, E. Jones, A. Borrelli, P.
Scarpa, S. Orgiazzi, A. and Montanarella, L.
(2018). Potential Sources of Anthropogenic
Copper Inputs to European Agricultural Soils.
Sustainability. 10(7): 2380. https://doi.org/
10.3390/ su10072380

Pandiyan J. Mahboob S. Govindarajan M. Al-Ghanim
KA. Ahmed Z. Al-Mulhm N. Jagadheesan R.
Krishnappa K. (2020). An assessment of level of
heavy metals pollution in the water, sediment
and aquatic organisms: A perspective of tackling
environmental threats for food security. Saudi J.
Biol.  Sci. 28(2):1218-25.  https://doi.org/
10.1016/j.5jbs.2020.11.072

Samsonova, V. and Kiril]enko, V. (2024). On the issue of
individual problems of environmental law and
ways to solve them. InE3S Web of Conferences.
EDP Sciences. 583;08009. https://doi.org/
10.1051/e3sconf/202458308009

Sanpera, C. Morera, M. Ruiz, X and Jover L. (2000).
Variability of mercury and selenium levels in
clutches of Audouin's gulls (Larus audouinii)
breeding at the Chafarinas Islands, Southwest
Mediterranean. Archives of Environ. Cont.

192

J. Anim. Plant Sci., 36 (1) 2026

Toxicol. 39: 119-126. https://doi.org/ 10.1007/
5002440010087

Jomova, K., Alomar, S. Y. Nepovimova, E. Kuca, K. and
Valko, M. (2024). Heavy metals: toxicity and
human health effects. Arch. Toxicol. 1-57.
https://doi.org/10.1007/s00204-024-03903-2

Swaileh, K. M. and Sansur, R. (2006). Monitoring urban
heavy metal pollution using house sparrow
(Passer domesticus). J. Environ. Monit. 8: 209-
213. https://doi.org/10.1039/B510635D

Tace, S. K. A. Karam, H. and Ismail H. K. (2020).
Review on some heavy metals’ toxicity on fresh
water fishes. J. Appl. Vet. Sci. 5: 78-86.
https://doi.org/10.21608/javs.2020.100157

Tan, L. Yang, B. Xue, Z. and Wang, Z. (2021). Assessing
Heavy Metal Contamination Risk in Soil and
Water in the Core Water Source Area of the
Middle Route of the South-to-North Water
Diversion Project, China. Land. 10: 934.
https://doi.org/10.3390/1and 10090934

WHO. (2017). Guidelines for Drinking-water Quality, 4th
ed. World Health Organization, Geneva. https://
www.who.int/publications/i/item/978924154995
0

WHO. (2011). Guidelines for Drinking-water Quality,
4th ed. World Health Organization, Geneva.
https://www.who.int/publications/i/item/978924
1549950.




