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Abstract Heavy metals are defined as metals with a density of more than 5 to 6 g/cm?. The present study determined
the effect and concentration of heavy metals in the organs of pigeons and crows collected from Lahore and Pakpattan.
Metal toxicity was determined in pigeons’ and crows' vital organs (kidney, lungs and liver). Atomic Absorption
Spectrophotometer determined heavy metals concentration. The data was observed by applying ANOVA and
mean+SD. Heavy metals analysis showed significantly high concentrations of Cadmium (27.33+0.57) and lead
(16.83£0.14) mean values, respectively. There was a low concentration of cadmium (22.83+0.14) and lead
(4.83+0.14) mean values, respectively. A probability value at (p<0.05) showed significant differences among the
different organs of pigeons and crows. The samples showed high bioaccumulation of heavy metals in the organs

compared to Pakpattan.
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Introduction

Metals with a density greater than 5 to 6 g/cm3 are
classified as heavy metals. When certain heavy metals
are discovered in large concentrations, they harm
plants and animals. The concentrations of heavy
metals in this environment are estimated in parts per
million or parts per billion, as well as dry and wet
weights (Hembrom et al., 2020). Heavy metals like
lead, mercury, cadmium, and arsenic, among others,
are among the most hazardous to humans. Because
heavy metals accumulate in the body and create
bioaccumulation, they are dangerous. Heavy metal
toxicity in food and water is a major environmental
issue that can harm the exposed species (Sonone et al.
2020). Heavy and trace metals such as Zn, Cu, and Fe
can be found in our surroundings. Metals such as lead,
arsenic, and cadmium are toxic to organisms that
come into touch with them (Rahman and Singh,
2019). After processing significant volumes of
harmful chemicals regularly, many industries impact
living organisms in the surrounding environment (Ali
et al., 2019). As a result of the repercussions, animals,
particularly pedigree animals, may perish (Jansson
and Laikre, 2018). Like other developing countries,
Pakistan faces major environmental problems,
including trace metal contamination in various
sections of the country (Khalid et al., 2018). Trace
metals (Zn, Pb, Co, Mn, Cd, Cu, and others) are
common environmental pollutants that remain in the
environment, causing food chain accumulation and
the potential for major health consequences in humans
and wildlife. Industrial waste dumping, agriculture

runoff, mining and mineral processing, volcanic
outburst dust exposure, and air movement have all
been linked to environmental pollution in various
compartments (Kour et al., 2021). Researchers
determined that the combined effects of cadmium and
arsenic resulted in deadly consequences by studying
the blood biochemistry of mice. Metal contamination
has a long-term effect, and excessive ingestion can
harm a bird's health (Bauerov4 et al., 2020).

Aims and Obijectives

1.To estimate the concentration of heavy metals in
pigeons' and crows' organs, kidneys, liver, and lungs.
2.To compare heavy metals' analysis in Lahore and
Pakpattan birds.

Experimental Methods

The research was conducted at Lahore Garrison
University Lahore. Experimental work was
performed at PCSIR (Pakistan Council of Scientific
and Industrial Research) Lahore. The study was
conducted to estimate the level of heavy metal
concentration in some vital organs of pigeons and
crows, which were collected from Lahore and
Pakpattan.

Sample Collection and Preparation

The pigeons and crows were collected from Lahore
and Pakpattan. The birds were slaughtered, and fresh
samples of the liver, kidney and lungs were separated
for experimental work. The mentioned organs were
cleaned and washed with distilled water. Then were
cut into small, sizeable pieces with a knife. Then, each
sample was kept in a separate polythene bag and
labeled. Samples were placed in thermoses filled with
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ice cubes and brought to the CEPS(Center for
Environmental Protection Studies) lab of PCSIR
Lahore. Samples were stored in the freezer of CEPS
lab at —10 C° for further analysis.

Heavy metals analysis

In the study, two heavy metals were analyzed.
Determination of cadmium concentration in pigeons'
and crows' organs' samples. Determination of
concentration of lead in pigeons and crow organs
samples.

Steps involved in the assay of metals

Taking a representative sample from the large amount
of data collected during testing.

Acid digestion of Samples

Determination of Cadmium and Lead by Atomic
Absorption Spectrophotometer.

Acid digestion of Samples

In the study, commonly used methods of digestion of
samples can be broadly grouped into wet digestion,
dry ashing, and then digestion, such as microwave
digestion.

Wet Digestion

The most used method to digest a wide variety of food
samples was wet digestion. The general procedure
given below was adopted for the digestion of samples.
All the digestion procedures were performed in the
fuming hood, which had a proper exhaust system.
Procedure

Took 2g of the sample into a macro-kjeldhal digestion
flask. Added 20ml concentrations of nitric acid and
heated the flask contents to reduce the volume. The
solution was cooled, 10ml of concentrated sulphuric
acid was added, and it was boiled again. More
quantity of nitric acid was added whenever the
contents began to blacken. When the sample became
Clear and white fumes evolved, and then heating was
stopped. At this stage, the solution was cooled, and
then add 10ml saturated ammonium oxalate solution
was heated until copious white vapors were created.
The oxalate treatment aids in the removal of the
yellow color caused by nitro compounds, lipids, and
other substances, resulting in a colorless final
solution. Before starting with the metals test, all traces
of nitric acid must be eliminated. At the same time, a
blank was created. Nitric acid, sulphuric acid,
perchloric acid, and hydrogen peroxide were the most
regularly utilized oxidants. Combinations containing
two or more of the following chemicals is advised due
to their inherent advantages (Figure 1 & 2).
Determination of cadmium and lead in pigeons
and crows’ organs by Atomic Absorption
Spectrophotometer Principle

The method wuses an atomic absorption
spectrophotometer to determine an analyte's
concentration in a sample. By absorbing a certain
amount of energy, the atom's electrons in the atomizer
can be promoted to higher orbitals (the excited state)
for a brief amount of time (hanoseconds). This energy
level, or wavelength, was unique to an electron
transfer in a certain element. Figure 1 show the

apparatus of this experiment. Determination of
cadmium and lead in pigeons and crows organs by
Atomic Absorption Spectrophotometer followed by
(Chen and Teo, 2001, Sisay et al., 2019).
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Figure 1 Showing Hot plate ap
digestion of samples

Element Wavelength Flame-Gases
Cadmium 279.5 Air-acetylene and Lead 232.0 Air-
acetylene (Figure 2).
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Figure 2  Showing Atomic  Absorption
Spectrophotometer for heavy metals

Result and Discussion

The present study was conducted at CEPS, PCSIR in
the Department of Biology at Lahore Garrison
University. During this study, Cadmium and Lead
concentration was determined in birds' organs (Crows
and Pigeons) collected from Lahore and Pakpattan.
Cadmium and Lead concentration in Pigeons
organs

The data presented in Table 1 showed the mean value
of cadmium and lead concentration in different organs
viz kidney, lungs, and liver in pigeons. The samples
of pigeon’s organs collected from Lahore and
Pakpattan. Pigeon organs showed significantly
variable responses to cadmium and lead
concentrations.
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Columbidae (Pigeon)

The cadmium and lead concentration was determined
in different organs of Columbidae (Pigeon), and data
is presented in Tables 1 & 2. Maximum concentration
of cadmium and lead were observed in lungs followed
by the liver and kidney, with average values of ug/g,
respectively. This result indicated a significant
difference between lungs and liver. The results from
pigeons Columbidae were computed as significant,
indicating that Columbidae species showed different
concentrations of cadmium and lead. The overall
pattern of concentration of cadmium in organs of
experimental Columbidae species was observed as
high concentration of Cd was in the liver, as shown in
table 5&6. The lowest concentration of Cd was in the
kidney as liver (25.83+4ug/9), lungs
(25.83£0.14p9/g) and kidney (25.67+0.57ug/g) with
the mean value in Pakpattan and lead in organs of
experimental Columbidae species was observed as
high concentration of Pb in lungs and lowest
concentration of Pb in kidneys such as lungs
(12.83+0.14pg/qg), liver (8.33x0.57ug/g) and kidney
(7.5+0.431g) with the mean value in Pakpattan and in
Lahore the highest concentration of Cd was in the
lungs and lowest concentration of Cd was in the liver
such as lungs  (27.33%0.57ug/g),  kidney
(26.83£0.14p9/g) and liver(25.83+0.14ug/g) with the
mean values in Lahore and in Lahore the highest
concentration of Pb was in the lungs and lowest
concentration of Pb was in the liver such as
lungs (12.66+0.28ug/g), kidney(7.66+0.28ug/g) and
liver (7.58+0.38u g/g) with the mean
values in Lahore respectively (figure 3 & 4).
Cadmium and Lead concentration in crow’s
organs

The data in tables 3 & 4 showed mean values of
cadmium and lead in different organs viz kidney,
lungs, and liver in crow. The samples of crows’
organs collected from Lahore and Pakpattan. Crows’
organs showed significantly variable response to
cadmium and lead concentration.

Corvus splendens (Crow)

The cadmium and lead concentrations were
determined in different organs of Corvus splendens,
and the data is presented in Table 7 & 8. Maximum
concentration of Cadmium and Lead was observed in
lungs followed by liver and kidney with average
values of ug/g respectively. This result indicated
significant difference between lungs and liver. The
results from Corvus splendens were computed as
significant, indicating that Corvus splendens species
showed different concentrations of cadmium and lead.
The overall pattern of concentration of cadmium and
lead in organs of experimental Corvus splendens
species was observed as the highest concentration of
Cd was in the liver and lowest concentration of Cd
was in the lungs such as liver (25.66+0.28ug/9),
kidney (25.66+0.28ug/g) and lungs with the mean
values in Pakpattan and the highest concentration of
Pb was in the liver and lowest concentration of Pb was
in the kidney such as liver (7.33+0.57ug/g), lungs
(7.33+£0.57ug/g) and kidney (6.33+ 0.57ug/g) with
the mean values in Pakpattan and Lahore the highest
concentration of Cd was in the lungs and the lowest
concentration of Cd was in the liver such as lungs
(27.33+0.57ug/9), kidney (26.33+0.57ug/g) and liver
(26.33+0.57pg/g) with the mean value and the highest
concentration of Pb was in the liver and the lowest
concentration of Pb was in the kidney such as liver
(16.83£0.14g/g), lungs (8.33+£0.57ug/g) and kidney
(7.66+0.28ug/g) with the mean values in Lahore
respectively (figure 5 & 6).

Statistical analysis

Mean value of individual metals was compared with
one-way ANOVA. The variation was observed within
the group. The significant values are represented by
asterisk(*).

Pigeons

Descriptives table 1

ANOVA table 2

Crow

Descriptives table 1

ANOVA table 2

Table 1: Showing the Mean£SD of the concentration of heavy metals Cd and Pb in pigeons organs (Kidney,

Lung, Liver) collected from Pakpattan.

Samples Kidney Lung Liver
Cd Pb Cd Pb Cd Pb
A 25.67+0.57 7.33+0.28 25.834+0.14 6.33+0.57 25.83+0.14 7.33+0.57
B 25.33+0.28 6.33+0.57 25.83+0.14 6.66+0.28 25.83+0.14 6.83+0.14
C 25.83+0.14 7.33+£0.57 25.83+0.14 8.66+0.28 25.83+0.14 7.66+0.28
D 25.67+0.57 7.5£0.43 25.83+0.14 12.83+0.14 25.83+0.14 8.33+0.57
E 25.83+0.14 6.66+0.28 25.83+0.14 7.66+0.28 25.83+0.14 6.58+0.38
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Pigeons collected from Pakpattan
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Figure 3: Showing the comparison of heavy metals among different organs
Table 2: Showing the MeanxSD of the concentration of heavy metals Cd and Pb in the pigeons organs
(Kidney, Lung, Liver) collected from Lahore

Samples Kidney Lung Liver
Cd Pb Cd Pb Cd Pb
A 26.33+0.57 7.58+0.38  25.33+0.57 7.33+0.57 25.66+0.28 7.66+£0.28
B 25.66+0.28 5.66+0.28  25.83+0.14 6.83+0.14 25.66+0.28 7.33+0.57
C 25.83+0.14 6.33+0.57  26.33+0.57 7.66+£0.28 25.83+0.14 6.66+0.28
D 26.83+0.14 6.5+0.43 25.66+0.28 8.33+0.57 25.83+0.14 6.33+0.14
E 26.33+0.14 6.83£0.14  27.33+£0.57 12.66+0.28 25.83+0.14 6.66+0.28

Pigeons collected from Lahore

30
25
X 20
N HA
_ & 15
£ e
g 10 mC
%)
- i I i -
0 mE
cd Pb cd Pb cd Pb

N’
Kidney Lung Liver
Concentration of heavy metals in different organs

Figure 4: Showing the comparison of heavy metals among different organs
Table 3: Showing the Mean£SD of the concentration of heavy metals Cd and Pb in the crow organs (Kidney,
Lung, Liver) collected from Pakpattan

Samples Kidney Lungs Liver
Cd Pb Cd Pb Cd Pb
A 23.33+0.57 5.33+0.57 24.66+0.28 6.33+0.57 24.66+0.28 5.66+0.28
B 25.66+0.28 6.5+0.43 22.83+0.14 5.66+0.28 24.83+0.14 6.33+0.57
C 24.66+0.28 5.83+0.14 23.33+0.57 7.33+0.57 25.33+0.57 7.334+0.57
D 22.83+0.14 6.33+0.57 24.33+0.57 6.66+0.28 23.83+0.14 5.83+0.14
E 23.83+0.14 5.66+0.28 23.66+0.28 5.83+0.14 25.66+0.28 4.83+0.14
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Crows collected from Pakpattan
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Figure 5: Showing the comparison of heavy metals among different organs
Table 4 : Showing the Mean+SD of the concentration of heavy metals Cd and Pb in the crow organs (Kidney,
Lung, Liver)collected from Lahore.

Samples Kidney Lung Liver
Cd Pb Cd Pb Cd Pb
A 25.5+0.43 6.66+0.28  27.33+0.57 8.33+0.57  24.33+0.57 16.83+0.14
B 25.83+0.14 7.66+0.28  25.66+0.28 7.66+0.28  25.83+0.14 11.66+0.28
C 25.83+0.14 7.33£0.57  26.33+£0.57 7.33+0.14  26.33+0.57 9.33+0.57
D 26.33+0.57  6.66+0.28  25.83+0.14  7.33+0.14  25.66:£0.28  8.83+0.14
E 25.83+0.14  6.83+0.14 26.66+0.28  5.66+0.28 24.83+0.14  8.33+0.14
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Figure 6: Concentration of heavy metals in different organs
Table 5: Descriptives Pigeons
Std.
N Mean Deviation Minimum Maximum
kidney PakpattanCd 5 25.6660 20416 25.33 25.83
PakpattanPb 5 7.0300 .50690 6.33 7.50
LahoreCd 5 26.1960 46344 25.66 26.83
LahorePb 5 6.5800 70317 5.66 7.58
Total 20 16.3680 9.82548 5.66 26.83
Lung PakpattanCd 5 25.8300 .00000 25.83 25.83
PakpattanPb 5 8.4280 2.62434 6.33 12.83
LahoreCd 5 26.0960 77864 25.33 27.33
LahorePb 5 8.5620 2.35471 6.83 12.66
Total 20 17.2290 9.11341 6.33 27.33
Liver PakpattanCd 5 25.8300 .00000 25.83 25.83
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PakpattanPb 5 7.3460 .69284 6.58 8.33
LahoreCd 5 25.7620 .09311 25.66 25.83
LahorePb 5 6.9280 .54742 6.33 7.66
Total 20 16.4665 9.58176 6.33 25.83
Table 6: ANOVA (pigeon)
Sum of Squares df Mean Square F Sig(p).
kidney = Between Groups 1830.228 3 610.076 2421.273 *000
Within Groups 4.031 16 252
Total 1834.259 19
Lung Between Groups 1525.877 3 508.626 156.043 .*¥000
Within Groups 52.152 16 3.260
Total 1578.029 19
Liver Between Groups 1741.240 3 580.413 2944877 *000
Within Groups 3.153 16 197
Total 1744.393 19
Table 7: Descriptives Crow
N Mean Std. Deviation Minimum  Maximum
kidney PakpattanCd 5 24.0620 1.12012 22.83 25.66
PakpattanPb 5 5.9300 48161 5.33 6.50
LahoreCd 5 26.0300 27386 25.83 26.33
LahorePb 5 7.0280 44740 6.66 7.66
Total 20 15.7625 9.57906 5.33 26.33
lungs PakpattanCd 5 23.7620 74072 22.83 24.66
PakpattanPb 5 6.3620 67132 5.66 7.33
LahoreCd 5 26.3620 67132 25.66 27.33
LahorePb 5 7.2620 98421 5.66 8.33
Total 20 15.9370 9.44210 5.66 27.33
liver  PakpattanCd 5 24.8620 70048 23.83 25.66
PakpattanPb 5 5.9960 92075 4.83 7.33
LahoreCd 5 25.3960 .80423 2433 26.33
LahorePb 5 10.9960 3.50183 8.33 16.83
Total 20 16.8125 8.89556 4.33 26.33
Table 8: ANOVA (crow)
Sum of Mean
Squares df Square F Sig.(p)
kidney Between 1736.364 3 578.788 1314.091 .*¥000
Groups
Within Groups 7.047 16 440
Total 1743.411 19
lungs Between 1684.237 3 561.412 928.461 *000
Groups
Within Groups 9.675 16 .605
Total 1693.912 19
Liver Between 1446.496 3 482.165 135.364 *000
Groups
Within Groups 56.992 16 3.562
Total 1503.488 19
Discussion more polluted area Lahore and less polluted area
The goal of the present study was to determine the Pakpattan in the organs (liver, kidney and lungs) of
level of heavy metals (Cadmium and Lead) in the avian species. For this purpose, common avian
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species i.e Pigeon (Columbidae) and crow (Corvus
splendens), have been captured from the sampling
sites Lahore and Pakpattan. The birds were captured
by using mist nets. As a result of urbanization and
industrial activities, large amounts of contaminants
have been regularly injected into the ecosystem.
Heavy metals affect the birds, as well as other
organisms. Metals, for example, have been discovered
to decrease bird immune systems, raise territorial
aggression, cause reproductive dysfunction, increase
disease susceptibility, and stress alterations in
behavioral patterns. Ingestion of sediments containing
lead and cadmium is a common cause of
nonparticulate lead and cadmium exposure due to
urbanization and industrial processes. Not only can
ingestion of  lead-contaminated sediments,
particularly near automobiles and businesses, cause
particle lead and cadmium exposure(Natasha et al.
2020). Moreover, birds' lead and cadmium contact has
arisen in urban environments from airborne
sources(Levin et al., 2021). Bioaccumulation is
greater in the highly polluted area Lahore when air is
heavily contaminated with metals. Heavy metal
exposure is increased due to industrial waste material
and vehicles in the urbanized areas. Bioaccumulation
is comparatively less in the less polluted area
Pakpattan because the air of Pakpattan is less
contaminated with metals. Carnivorous birds were
found to have higher amount of metals as compared
to omnivorous and insectivorous birds. The above
study concludes that in Punjab province, it can be due
to agriculture and industrialization high risks of heavy
metal contamination (Rashid et al., 2018). To examine
metal levels and the possible damage to birds and
people who consume them, researchers measured zinc
(Zn), lead (Pb), nickel (Ni), and cadmium (Cd)
amounts in the liver, kidney, and lungs of birds of
Punjab province. Lahore and Pakpattan showed
significant results against heavy metals concentration
in some vital organs(Imtiaz et al., 2020).

In the present study, heavy metal cadmium and lead
were detected in the birds (Pigeon& Crow) organs
(kidney, liver, lungs), collected from two different
sites Lahore and Pakpattan. During this study in birds
organs samples, the highest concentration of cadmium
and lead was detected in the crows' organs collected
from Lahore, and the lowest concentration of
cadmium and lead was detected in crow organs
collected from Pakpattan because Lahore is highly
urbanized and industrialized compared to Pakpattan.
Almost all species studied showed significant
increases in adult and nestling populations throughout
the same gradient. Only two previous studies
evaluating lead contamination in birds in urban areas
are known to us(Levin et al., 2021), and both
produced similar results.
The annual survival of adult birds, and it's feasible that
birds could succumb to the deadly effects of lead
poisoning over longer periods (Hanley et al., 2022)
showed significant comparison to our study.

Contamination with lead and cadmium in urban
surroundings was just one of the numerous challenges
that birds living in this land-use type face. Other
environmental factors include toxins like mercury, as
well as the replacement of native plants with exotic
vegetation(Chapman et al., 2019), noise pollution
(and pedestrian disturbance are all examples of free—
roaming cats as predators(Fardell et al., 2021). These
elements have been shown to influence bird roosting,
breeding, and foraging behavior.

According to the present study, it was observed
through the heavy metals analysis by atomic
absorption  spectrophotometer that the high
concentration of heavy metals affects the birds'
breeding behavior, and the birds' stress level was also
increased due to high accretion of heavy metals in
bird's organs. Pb, Cd levels in the liver and kidney
differed as a function of dietary environments,
according to a study by; median values were
significantly greater in invertebrate predators than
predators and omnivorous species because the
predators or omnivorous species can regulate their
internal metal concentration better then invertebrates
predator species and also have higher body mass to
surface ratio(Liu et al., 2019). Short-distance migrants
exhibited significantly higher median heavy metal
levels of lead is >6g/g in their liver and kidney and
long-distance migrants exhibited>5ug/g in their liver
and kidney.

Conclusion

It was eventually concluded that heavy metals are
very dangerous for birds because they cause
bioaccumulation in the body of birds. The heavy
metals contamination affects the birds. It was
concluded that the samples of pigeons and crows
collected from Lahore showed high bioaccumulation
of heavy metals, which were selected for the
experimental study of heavy metals analysis. The
highest concentration of cadmium
(27.33+£0.57>26.83+0.14>25.83+0.14) in the
pigeons’ organs and (27.33%0.57>26.33+0.57>
26.33+0.57) in crows organs and lead (12.66+0.28>
7.66+0.28>7.58+0.38) in pigeons organs and
(16.83+0.148.33+0.57> 7.66+0.28) in crows, organs
were detected which were collected from Lahore. The
lowest concentration of Cadmium
(25.83+0.14>25.83+£0.14>25.67+0.57) in pigeons’
organs and (25.66+ 0.28>25.66+0.28>24.66+0.28) in
crows organs and lead (12.83+0.14>8.33+0.57>
7.5+0.43) in pigeons organs and (8.33%
0.57>7.33+0.57>6.33+0.57) in crows organs was a
detective who was collected from Pakapattan. The
organs of pigeons and crows, which were collected
from Lahore, showed the highest concentration of
cadmium and lead compared to Pakpattan due to high
pollution, urbanization, and industrialization. The
organs of pigeons and crows collected from Pakpattan
showed the lowest concentration of Cadmium and
lead compared to Lahore due to less pollution and
industrialization and urbanization.




J. Phys. Biomed. Biol. Sci. 2024; Volume, 3: 25

llyas et al., (2024)

References

Ali, H., Khan, E., and Ilahi, I. (2019). Environmental
chemistry and ecotoxicology of hazardous heavy
metals: environmental persistence, toxicity, and
bioaccumulation. Journal of chemistry 2019.

Bauerova, P., Krajzingrova, T., T&Sicky, M., Velova,
H., Hranic¢ek, J., Musil, S., Svobodova, J.,
Albrecht, T., and Vinkler, M. (2020).
Longitudinally monitored lifetime changes in
blood heavy metal concentrations and their
health effects in urban birds. Science of the Total
Environment 723, 138002.

Chapman, E. E. V., Moore, C., and Campbell, L. M.
(2019). Native plants for revegetation of
mercury-and arsenic-contaminated historical
mining waste—can a low-dose selenium
additive improve seedling growth and decrease
contaminant bioaccumulation? Water, Air, &
Soil Pollution 230, 1-14.

Chen, J., and Teo, K. C. (2001). Determination of
cadmium, copper, lead and zinc in water samples
by flame atomic absorption spectrometry after
cloud point extraction. Analytica Chimica Acta
450, 215-222.

Fardell, L. L., Nano, C. E., Pavey, C. R., and
Dickman, C. R. (2021). Small prey animal
habitat use in landscapes of fear: effects of
predator presence and human activity along an
urban disturbance gradient. Frontiers in Ecology
and Evolution 9, 750094.

Hanley, B. J., Dhondt, A. A, Forzan, M. J., Bunting,
E. M., Pokras, M. A., Hynes, K. P., Dominguez-
Villegas, E., and Schuler, K. L. (2022).
Environmental lead reduces the resilience of
bald eagle populations. The Journal of Wildlife
Management 86, e22177.

Hembrom, S., Singh, B., Gupta, S. K., and Nema, A.
K. (2020). A comprehensive evaluation of heavy
metal contamination in foodstuff and associated
human health risk: a global perspective.
Contemporary  environmental issues and
challenges in era of climate change, 33-63.

Imtiaz, F., Baig, H., Fatima, T., and Akbar, Z. (2020).
Quality modeling of drinking groundwater using
GIS in urban communities of Pakpattan,
Pakistan. Pakistan Journal of Agricultural
Sciences 57.

Jansson, M., and Laikre, L. (2018). Pedigree data
indicate rapid inbreeding and loss of genetic
diversity within populations of native,
traditional dog breeds of conservation concern.
Plos one 13, e0202849.

Khalid, S., Shahid, M., Natasha, Bibi, I., Sarwar, T.,
Shah, A. H., and Niazi, N. K. (2018). A review
of environmental contamination and health risk
assessment of wastewater use for crop irrigation
with a focus on low and high-income countries.
International journal of environmental research
and public health 15, 895.

Kour, J., Khanna, K., Sharma, P., Arora, P., Dhiman,
S., Kaur, R., Sharma, A., Ohri, P., and Bhardwaj,
R. (2021). Variability, behaviour and impact of
nanoparticles in the environment. Plant
responses to nanomaterials: recent
interventions, and physiological and
biochemical responses, 315-328.

Levin, R., Vieira, C. L. Z., Rosenbaum, M. H.,
Bischoff, K., Mordarski, D. C., and Brown, M.
J. (2021). The urban lead (Pb) burden in humans,
animals and the natural environment.
Environmental research 193, 110377.

Liu, J., Cao, L., and Dou, S. (2019). Trophic transfer,
biomagnification and risk assessments of four
common heavy metals in the food web of
Laizhou Bay, the Bohai Sea. Science of the total
environment 670, 508-522.

Natasha, Dumat, C., Shahid, M., Khalid, S., and
Murtaza, B. (2020). Lead pollution and human
exposure: forewarned is forearmed, and the
question now becomes how to respond to the
threat! Lead in Plants and the Environment, 33-
65.

Rahman, Z., and Singh, V. P. (2019). The relative
impact of toxic heavy metals (THMs)(arsenic
(As), cadmium (Cd), chromium (Cr)(VI),
mercury (Hg), and lead (Pb)) on the total
environment: an overview. Environmental
monitoring and assessment 191, 1-21.

Rashid, H., Arslan, C., and Khan, S. N. (2018).
Wastewater irrigation, its impact on
environment and health risk assessment in peri
urban areas of Punjab Pakistan-a review.
Environ. Contam. Rev 1, 30-35.

Sisay, B., Debebe, E., Meresa, A., and Abera, T.
(2019). Analysis of cadmium and lead using
atomic  absorption  spectrophotometer in
roadside soils of Jimma town. J Anal Pharm Res
8, 144-147.

Sonone, S. S., Jadhav, S., Sankhla, M. S., and Kumar,
R. (2020). Water contamination by heavy metals
and their toxic effect on aquaculture and human
health through food Chain. Lett. Appl.
NanoBioScience 10, 2148-2166.

Declaration

Acknowledgement

This work was facilitated by department of biology
Lahore Garrison University, Lahore

Conflict of interest

There is no conflict of interest among the authors.
Data Availability statement

All authenticated data have been included in the
manuscript.

Ethics approval and consent to participate

These aspects are not applicable in this paper.
Consent for publication

Not applicable




J. Phys. Biomed. Biol. Sci. 2024; Volume, 3: 25

llyas et al., (2024)

Funding
There were no sources providing support, for this
paper.

Open Access This article is licensed under a Creative
Commons Attribution 4.0 International License,
Creative Commons_Attribution-NonCommercial 4.0

International License, © The Author(s) 2024



https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

