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ABSTRACT 

Present study was conducted to estimate heavy met-
als, macro and micro nutrients along with pesticide 
residues in fecal pellets of Pteropus giganteus fruit bat 
at three different sites, Chatpat Bani (district Pathan-
kot) site I, village Katani Kalan (district Ludhiana) 
site II and village Longowal (district Sangrur) as site 
III. Among heavy metals, Cr predominates (17.35-
26.30 ppm) followed by Pb (7.17-10.03 ppm) from 
three selected sites. Comparatively, higher levels of 
Cr, Pb, Cd and Ni heavy metals were recorded at 
site III, whereas As at site II, respectively. Among 
macro nutrients, K (7653.50-16927.17 ppm) and 
Mg (3249.33-3516.10 ppm) predominates in three 
sites. Comparatively higher levels of Mg, Ca and Na 
macro nutrients were recorded at site III whereas K 
and P at site I, respectively. Among micro nutrients, 
Fe (682.88-2069.45 ppm) and Zn (79.18-126.02 ppm 
predominates in three selected sites. Comparatively 
higher levels Fe, Zn and Mn micro nutrients were 

recorded at site II, B at site III and Cu at site I, re-
spectively. Interestingly, contamination of pesticide 
residues in faecal pellets was found negligible as GLC 
showed values below detectable limits i.e., <0.05 ppm 
in all selected locations, which is a positive sign that 
exposure of bats to different pesticides is negligible in 
these areas due to less usage of pesticides or excretion 
by body. In present study, all elements were under 
permissible limits which are required for growth 
and reproduction except Mg and K which are good 
indicator of assessment of environment.

Keywords   Pteropus giganteus, Macro mutrients, 
Faecal pellets, Heavy metals, Pesticides.

INTRODUCTION

Bats are nocturnal and placental mammals belonging 
to second largest order of mammals “Chiroptera” 
with about 1230 species representing a quarter of 
total mammalian species found in the world (Roy et 
al. 2020). India has about 11% of world’s bat popu-
lation with more than 90% of bat diversity. Pteropus 
giganteus (Indian flying fox), Rousettus leschenaulti 
(Fulvous fruit bat) and Cynopterus sphinx (Short 
nosed fruit bat) are common and found all over the 
country of which Indian flying fox is apparent and 
one of the largest bats in the world while others have 
their restricted distributions (Singh 2021, Singh et al. 
2022). There are 8 genera in all, with fourteen species 
of fruit bats found in the Indian subcontinent (Bates 
and Harrison 1997). They live in colonies of hundreds 
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to thousands of individuals and roost in trees like Dal-
bergia sisso (shisham), Eucalyptus globulus (safeda), 
Tamarindus indica (tamarind) and Mangifera indica 
(mango). Having frugivorous as well as nectarivorous 
behavior aids in seed dispersal of around 300 plant 
species leading to forest regeneration (Singh and 
Singh 2021). They are key pollinators of econom-
ically important Indian plant species like Durio sp. 
(durian), Bombax ceiba (silk cotton), Madhucalati 
folia (Mahua), Syzygium sp. (wild jamun) and Musa 
sp. (wild banana).

Ecological studies of fruit bats are becoming 
increasingly important in the Indian subcontinent as 
their population is declining due to habitat destruc-
tion and hunting resulting in local threat to many 
species (Venkatesan 2007). Bats frequently cohabit 
with people in urban, industrial and agricultural 
areas thereby putting them at risk of exposure to 
a variety of chemical contaminants compromising 
their health as these chemicals accumulate in their 
tissues (Russo and Ancillotto 2015). The potential 
of bats as pollution bio-indicators is twofold : 1), 
exposure to contaminants such as heavy metals and 
pesticides contributes to their population decline, 2) 
contaminants found in bat guano are good indicators 
of pollution levels in the surrounding areas (Johnson 
and Vincent 2020). In environment, metal contamina-
tion is associated with inputs from industrial smelters 
(Aluminium (Al), Cadmium (Cd), Copper (Cu), Lead 
(Pb), Zinc (Zn)); coal-fired power stations (Arsenic 
(As), Chromium (Cr), Mercury (Hg), Selenium (Se)), 
mining activities and vehicular emissions (Pb and 
other particulates) (Nighat et al. 2016). Interestingly, 
agricultural activities and industrial processes have 
induced the mobilization of heavy metals in freshwa-
ter ecosystems, which raised heavy metal pollution 
as an important threat to different organisms living in 
different ecosystems as these metals have potential to 
harm most organisms at some level of exposure and 
absorption (Cil et al. 2023). Manufacturing of drugs, 
agrochemicals, plastics, batteries, electroplating and 
discharge of untreated industrial effluents cause metal 
pollution (Imlani et al. 2022).

Conservation of bats has grown in popularity 
globally and the goal of this study was to determine 
the concentrations and distribution of heavy metals, 

macro and micro nutrients and pesticides in the faecal 
pellets of Indian flying fox in light of their increasing 
contamination, as well as to determine how their 
deposition levels vary in the faecal pellets of Indian 
flying fox at different locations of Punjab, India. This 
study provides a baseline data which might be con-
sidered as a precursor to a broad array of issues that 
concern our environment and health of both humans 
and biodiversity using bats as bio-indicators and help 
in conservation measures.

MATERIALS AND METHODS

Selection of sites 

The present study was conducted across three loca-
tions in Punjab, India. Chatpat Bani, village Kata-
ruchak, district Pathankot was selected as site-I. It is 
a sacred groove situated at 32.2041°N, 75.5688°E. 
This site has spread in approximately 30.0 acres area 
covered under thick forest rich in flora and fauna (Fig. 
1A). Village Katani Kalan, district Ludhiana was se-
lected as site-II, situated at 30°84” N, 76°06” E. This 
village is located at the shores of Sirhind canal along 
with human settlements (Fig. 1B). Village Longowal, 
district Sangrur was selected as site-III, situated at 
30.2167°N, 75.6833°E located 19.0 km from main 
city area of Sangrur. The site is surrounded by various 
tree species along with lake and human settlements 
(Fig. 1C). All the selected sites have orchards of guava 
(Psidium guajava), ber (Ziziphus mauritiana), mango 
(Mangifera indica) and litchi trees (Litchi chinensis) 
which serves as food for the fruit bats.

Collection of P. giganteus faecal pellets

To obtain samples of faecal pellets of P. giganteus, 
a transparent polythene sheet was unfurled around 
the roosting trees of P. giganteus having required 
diameter from all three sites. The required number 
of samples of faecal pellets were collected after 2-3 
days of unrolling the transparent polythene sheet and 
transported to Biodiversity and Biosystematics labo-
ratory, Department of Zoology, Punjab Agricultural 
University, Ludhiana in small polythene bags/vials. 
The samples were air dried and further digested before 
preparing them for heavy metal analysis (Piper 1944).



13

 

Digestion and analysis of heavy metals, micro 
and macro nutrients in P. giganteus faecal pel-
lets 

For digestion, a total of 12 samples (4 from each 
site) were analyzed along with blank sample. Faecal 
pellets were crushed and made into powder using 
pestle and mortar and each sample was transferred 
into separate petri-dishes and dried in microwave 
oven for 1-2 h at 80-90°C. About 0.5 g of each 
dried sample (3 replicates each) was weighed using 
electronic weighing balance and transferred into 50 
ml conical flask to which 10 ml diacid was added 
and then kept overnight. The solution appeared dark 
red in color. A stock/diacid solution (Nitric acid and 
Perchloric acid) was prepared in the concentration of 
3:1 in which samples were to be digested. After 24 
h, the conical flasks were put on hot plate to digest 

the samples (100°C) for 40-45 min until the samples 
turned colorless and their volume reduced to 1-3 ml. 
The color of the samples turned from red to orange 
to yellow and then became colorless. This step was 
performed outdoors as it involved emission of poi-
sonous fumes of diacid. The digested sample was 
then diluted with de-ionised water up to 25 ml and 
filtered to remove any residues using Whatman no. 
42 and then transferred to sterilized plastic vials with 
lid and stored at room temperature prior to analysis.

The digested samples of fruit bats were analyzed 
for the presence of heavy metals (Cr, Ni, As, Cd and 
Pb), macro-nutrients (Na, Mg, P, K and Ca) and mi-
cro- nutrients (B, Mn, Fe, Cu and Zn) by Inductively 
Coupled Argon Plasma Atomic Emission Spectropho-
tometer (ICAP-AES), model ICAP6300 Duo in the 
Department of Soil Science, PAU, Ludhiana (Sansoni 

Fig. 1.  Satellite view of three study regions (A) Chatpat Bani, village Kataruchak, district Pathankot (site-I), (B) Village Katani Kalan, 
district Ludhiana (site-II), (C) Village Longowal, district Sangrur (site-III).
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and Pandey 1994). Atomic Emission Spectroscopy 
uses Inductively Coupled Plasma (ICP) as the energy 
source. The ICP source consists of three concentric 
quartz tubes through which Argon flows @ 0.5-1.01/
min and two or three turn gold plated copper coil 
surrounding the tubes near the upper end. Alternating 
current at a frequency of 60 Hz and power levels up 
to several kilowatts is passed through the copper 
coil. Argon is ionized by the momentary high voltage 
(200-240 V) discharge. The ionized gas is further 
passed through the high frequency magnetic field 
which raises the temperature of the resulting plasma 
to about 10,000 K. Liquid samples in the form of an 
aerosol are injected into the high temperature spray 
chamber. Here, free atoms of the analyte are formed 
which emit characteristic spectra. The photomultiplier 
tubes measure the intensity of emitted light which is 
directly proportional to the concentration of element 
within the sample.

The readings taken on ICAP-AES were con-
verted into parts per million (ppm= µg/g) as per the 
following formula :

                             
     Reading of sample–Reading of blank
   ———————————————— × Total volume used
                     Weight of sample    

                           
Digestion and analysis of pesticide residues in P. 
giganteus faecal pellets

For the analysis of pesticide residues in the faecal 
pellets of P. giganteus, the samples were collected 
from all the three sites as described earlier and their 
analysis was done in the Pesticide Residue Analysis 
Laboratory, Department of Entomology, Punjab Ag-
ricultural University, Ludhiana. Pesticide residues of 
commonly used organochlorines, organophosphates 
and synthetic pyrethroids were analyzed in P. gigan-
teus excreta by using modified QuEChERS method 
(Anastassiades et al. 2003). About 12 samples (4 
from each site) were analyzed. About 5 g of faecal 
sample was taken in clean plastic vial. To each vial 
10 ml of acetonitrile, 2 g of NaCl (sodium chloride) 
and 2 ml of distilled H2O was added. The vials were 
vortexed for 5 min for proper mixing. This was fol-
lowed by centrifugation @10,000 rpm for 5 min and 
6 ml of supernatant was extracted and transferred to 

fresh plastic vials containing 7 ml acetonitrile and 
2g Na2SO4 (sodium sulphate). The vials containing 
supernatant were vortexed for 10-15 sec. An aliquot 
of 4 ml was taken out and transferred to fresh vials 
containing 125 mg PSA (primary and secondary 
amine exchange material) and 750 mg anhydrous 
MgSO4 (magnesium sulphate). Then, these vials were 
centrifuged at @10,000 rpm for 5 min. From these vi-
als, 3 ml of supernatant was extracted and transferred 
to another set of calibration tubes which were then 
brought to sample evaporation concentration plus. 
This instrument was set at 45°C and allowed to run for 
1-2 h till the sample got completely evaporated. Then, 
these vials were taken out and rinsed using acetone 
by filling it up to 1 ml for GLC analysis.

The sample extracts were analyzed using Gas 
Liquid Chromatograph (GLC), model Nucon 5700 
equipped with Electron Capture Detector (ECD) and 
capillary column of 2 m length × 3 mm id packed with 
1.5% OV-17±1.95% OV210. The working conditions 
of GLC included injector temperature 280ºC, column 
initial hold temperature 200ºC for 5 min followed by 
220ºC for 10 min and detected temperature 300ºC 
and carrier gas (nitrogen) flow was maintained at 
3.0 kg/cm2. Before use, the column was primed with 
several injections of standard solution of either OCs/
OPs/SPs pesticide till a consistent response was 
obtained. Suitable aliquots of cleaned sample were 
then injected into the ECD mode of the detector. The 
compound in the sample was identified and quantified 
by comparisons of the retention time and peak heights 
of the sample chromatograms with that of standard 
run under identical operating conditions.

The residue was quantified by using the formula : 
                 ng of       Peak area of       Total volume
Residue       standard ×   standard        ×       made
(ppm) =     ————————————————— 
                   Peak area      Volume of          Weight of 
                   of sample ×  sample used  ×  sample taken

Statistical analysis

The data was analyzed using ANOVA. In order to 
test the significance among various parameters, the 
data was subjected to percentage (%). All values were 
expressed as mean±SE and are considered significant 
at p<0.05.
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RESULTS AND DISCUSSION

Analysis of heavy metals in P. giganteus faecal 
pellets

The heavy metals studied in faecal pellets of P. 
giganteus fruit bat from different selected locations 
included Arsenic (As), Cadmium (Cd), Lead (Pb), 
Nickel (Ni) and Chromium (Cr) along with macro and 
micro-nutrients (Na, Mg, P, K, Ca, B, Mn, Fe, Cu and 
Zn). Out of these As, Cd and Pb are included in the 
category of non-essential nutrients and others like Fe, 
Cr, Cu, Ni, Zn and Mn are essential nutrients which 
are needed in the body to perform specific functions. 
But all these nutrients are toxic when present above 
threshold levels in human beings and similarly in 
fruit bat too. In the present study, the concentration 
of heavy metals varied from location to location. 

At site I, heavy metals were present in the faecal 
pellets of P. giganteus in the order Cr>Pb>Ni>Cd>As 
with concentration values (ppm) as 17.35, 9.55, 4.40, 
1.42 and 0.99, respectively. At site II, their order was 
Cr>Ni>Pb>As>Cd with concentration values (ppm) 
as 24.87, 7.82, 7.17, 3.70 and 0.64, respectively. At 
site III, they followed the order Cr>Pb>Ni>As>Cd 
with concentration values (ppm) as 26.30, 10.03, 9.20, 
2.14 and 1.72, respectively (Fig. 2). Higher levels of 
heavy metals (Cr, Pb, Cd and Ni) were recorded in 
faecal pellets of P. giganteus at site III whereas in case 
of As, higher levels were recorded at site II. Compara-
ble levels of Cd and As were recorded in all the three 
locations under study. Concentration levels of toxic 

heavy metals have been found to be present in faecal 
pellets of P. giganteus. However, very few studies 
have been conducted on the accumulation of heavy 
metals and their impact on Chiroptera thus, permissi-
ble limits for various heavy metals in different species 
of Chiropterans have not been well established (Zukal 
et al. 2015). The comparative studies on liver, kidney 
and faecal pellet samples found that in general, faecal 
pellet (guano) samples contain higher concentrations 
of metals as compared to other tissues (Mansour et 
al. 2016). Only 5-10% of orally ingested metals get 
absorbed and nearly 99.5% of ingested metals are 
excreted through guano thus, leaving only 0.5% to 
be deposited in various body tissues (Klaassen 1976). 
Hernout et al. (2016) stated that a positive correlation 
exists between concentration of Pb and Cd in guano 
samples which suggest that concentration of one 
metal can predict the concentration of another metal 
in the guano sample. Studies on threshold limits 
of heavy metals in bat guano are limited and thus, 
studies on various mammalian tissues being used as 
reference for comparison indicate that in the present 
study, the concentrations of heavy metals in faecal 
pellets of P. giganteus are below the permissible limits 
for other tissues.

Analysis of macro-nutrients in P. giganteus faecal 
pellets

Along with heavy metals, macro and micro-nutrients 
were also analyzed from faecal pellets of P. giganteus. 
In Chatpat Bani, district Pathankot, the concentration 
level of macro- nutrients found in the faecal pellets of 
P. giganteus ranged in the order as K>Mg>P>Ca>Na. 
The highest concentration levels were recorded in K 
(16927.17 ppm) and lowest in Na (649.93 ppm) with 
an increase of 96% in the concentration levels of K 
as compared to that of Na (Fig. 3). In village Katani 
Kalan, district Ludhiana, various macro-nutrients 
were found in the faecal pellets of P. giganteus in 
the order of concentration as K>Mg>Ca>P>Na. 
The highest concentration levels were recorded in 
K (9713.31 ppm) while the lowest recorded in Na 
(602.64 ppm) with an increase of 94% in the levels of 
K as compared to that of Na. In village Longowal, dis-
trict Sangrur, the macro-nutrients found in the faecal 
pellets of P. giganteus were in order of concentration 
as K>Mg>Ca>Na>P. The highest concentration levels 

Fig. 2. Concentration of heavy metals in faecal pellets of P. gigan-
teus at different locations. 
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were recorded in K (7653.50 ppm) while the lowest 
in P (648.08 ppm) with an increase of 91% in the 
concentration levels of K as compared to that of P.

Among different sites, highest concentration 
levels of Na (804.47 ppm), Mg (3516.10 ppm) and 
Ca (1247.80 ppm) were recorded in village Longowal, 
district Sangrur, followed by Chatpat Bani, district 
Pathankot and village Katani Kalan, district Ludhiana. 
No significant difference was found in the concentra-
tion levels of Na and Mg in all three locations under 
study. The highest concentration levels of P (1173.52 
ppm) and K (16927.17 ppm) were recorded in Chatpat 
Bani, district Pathankot, followed by village Katani 
Kalan, district Ludhiana (869.58 ppm) and village 
Longowal, district Sangrur (648.08 ppm). All the 
three locations under study show significant differ-
ence in the concentration level of P.  

The limits defining toxicity of macronutrients 
in P.giganteus remain unknown. However, nutrient 
requirement and the concentration of that particular 
nutrient in excreta can be compared to determine 
the toxicity of nutrient in mammals as the nutrient 
excreted out is far greater than that is absorbed within 
the body. As suggested by National Research Council 
(1978), Na requirement for growth and reproduction 
in small mammals is 0.5-l.5 ppm (500-1500 ppm) of 
food dry weight. In the present study, Na concentra-
tion in bat guano ranges from 602-804 ppm, which 
is below the upper limit for nutrient requirement. 
Thus, Na absorbed within the body of bat is less and 
does not cause any toxicity. Similarly, magnesium 
requirement of small mammals is 400-1000 ppm 
dry food weight (National Research Council 1978). 

Studier et al. (1991) in their study on big brown bats 
found that Mg levels in faecal pellets were at least 
three times higher than the nutritional requirement. 
Also, Mansour et al. (2016) in their study found Mg 
concentrations in bat guano to be very high i.e., 3562 
ppm. In present study, Mg levels are also reported to 
be high i.e., above 3000 ppm. As nutrient concentra-
tion of bat guano reflects their habitat quality. It can be 
concluded that Mg was high in the environment/food. 
However, it cannot be said whether the present levels 
of Mg are toxic to bats or not as relevant studies are 
not available. Phosphorus levels in the bat guano in 
our study are also reported to be high. Studies regard-
ing nutritional requirements of P or threshold limits 
for P toxicity in bats are also not available. In general, 
P rich guano of bats is commercially used as a natural 
source of fertilizer. Another essential macronutrient 
i.e., potassium (K) is required by small mammals in 
amount ranging from 2000-7000 ppm (National Re-
search Council 1978). In our study, K is also present 
in very high concentration which indicates its abun-
dance in the environment/food. However, whether 
the levels are toxic or not to bats cannot be clearly 
defined. Calcium dietary requirements for growth and 
reproduction in small mammals are 4000-8000 ppm 
(National Research Council 1978). Ca levels in our 
study are quite low comparatively and thus, do not 
cause any toxicity to fruit bat.

Analysis of micro-nutrients in P. giganteus faecal 
pellets

In Chatpat Bani, district Pathankot, the micro-nutri-

Fig. 3. Concentration of macro-elements in faecal pellets of P. 
giganteus at different locations.  

Fig. 4. Concentration of micro-elements in faecal pellets of P. 
giganteus at different locations.
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ents found in the faecal pellets of P. giganteus ranged 
in the order Fe>Zn>B>Cu>Mn (Fig. 4). The concen-
tration values of different micro-nutrients like B, Mn, 
Fe, Cu and Zn were 75.72, 37.88, 682.88, 62.38 and 
79.18, respectively. The highest concentration levels 
were recorded in Fe (682.88 ppm) while the lowest re-
corded in Mn (37.88 ppm) with an increase of 94% in 
the concentration levels of Fe to that of Mn. In village 
Katani Kalan, district Ludhiana, the micro-nutrients 
found in the faecal pellets of P. giganteus ranged in 
the order Fe>Zn>Mn>B>Cu. The highest concen-
tration levels were recorded in Fe (2069.45 ppm) 
while the lowest recorded in Cu (57.35 ppm) with 
an increase of 97% in the concentration levels of Fe 
to that of Cu. In village Longowal, district Sangrur, 
the micro-nutrients found in the faecal pellets of P. 
giganteus ranged in the order Fe>Zn>B>Mn>Cu. 
The highest concentration levels were recorded in Fe 
(1361.30 ppm) while the lowest recorded in Cu (53.08 
ppm) with an increase of 96% in the concentration 
levels of Fe to that of Cu.

The highest concentration levels of B were re-
ported in village Longowal, district Sangrur (80.05 
ppm) followed by Chatpat Bani, district Pathankot 
(75.72 ppm) and village Katani Kalan, district 
Ludhiana (75.22 ppm). No significant difference 
was found in the concentration levels of B in all the 
three locations. The highest concentration levels of 
Mn (85.05 ppm), Fe (2069.45 ppm) and Zn (126.02 
ppm) were reported in village Katani Kalan, district 
Ludhiana followed by village Longowal, district San-
grur and Chatpat Bani, district Pathankot. Significant 
difference was found in the concentration levels of 
Mn in Chatpat Bani, district Pathankot as compared 
to other two sites whereas significant difference was 
observed in the concentration levels of Fe in all the 
three selected locations. Similarly, significant differ-
ence was found between the concentration levels of 
Zn in Chatpat Bani, district Pathankot and village 
Katani Kalan, district Ludhiana. In Copper (Cu), 
highest concentration levels were recorded in Chatpat 
Bani, district Pathankot (62.38 ppm) followed by 
village Katani Kalan, district Ludhiana and village 
Longowal, district Sangrur. Significant difference 
was found in the concentration levels of Cu in Chat-
pat Bani, district Pathankot and village Longowal, 
district Sangrur.

Similar to macro-nutrients, enough studies on 
micro-nutrient toxicity in bats and mammals are 
not available. However, in a study conducted by 
Milatovic and Gupta (2019), it was reported that rats 
can consume Mn up to 7000 ppm without causing 
any adverse effects. In the present study, the Mn 
concentration levels in bat faecal pellets were low 
i.e., <100 ppm, which suggests that levels of Mn 
in bat tissues are even lower causing no harm to 
them as there exists a strong negative correlation 
(r=–0.91) for occurrence of Mn in tissue and guano 
of bats (Mansour et al. 2016). Although, Mn excess 
can produce toxic effects, it is often considered to be 
among the less toxic of the essential trace nutrients 
to birds and mammals-Subcommittee on Mineral 
Toxicity in Animals 1980 (National Research Council 
1980). Assimilation of iron is poor in bats and thus, 
its concentration is higher in the guano (Charlton and 
Bothwell 1983). Toxicity of Fe in bats is observed at 
very high concentration i.e., >12,000 ppm in tissue as 
is suggested by Crawshaw et al. (1995). In the present 
study, Fe concentration in faecal pellets ranged from 
600-2100 ppm which is much lower than the toxicity 
limit. As per WHO (1989), the permissible limits of 
Cu and Zn in mammalian tissues are 71 and 289 ppm, 
respectively. In the present study, the concentrations 
of Cu and Zn in faecal pellets of P. giganteus were 
lower than the permissible limits. Thus, from the 
present study, it can be concluded that presence of 
heavy metals along with other essential nutrients in 
bat guano samples serves as a suitable indicator for 
the assessment of contamination in environment as 
well as bats without harming them.

Analysis of pesticide residues in P. giganteus faecal 
pellets

Frugivorous bats, being the major pollinators and seed 
dispersers of our ecosystem, when induced by pesti-
cide exposure, leads to changes in their normal phys-
iology and population status of bats causing direct 
effect on natural environmental balances. Our present 
study carried out at three locations of Punjab on the 
faecal pellets of P. giganteus for contamination of 
pesticides, it was found that pesticide contamination 
was negligible as the GLC (Gas Liquid Chromato-
graph) showed values below detectable limits (BDL) 
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i.e., <0.05 ppm (Table 1). This is indeed a positive 
sign that exposure of bats to pesticides is negligible in 
these areas. Moreover, it can also be stated that bats in 
these regions have adapted themselves morphologi-
cally not to get effected by pesticide exposure in these 
areas. Negligible concentrations of organochlorines 
(OCs) in faecal samples of P. giganteus fruit bat can 
be explained by its negligible application of DDTs or 
HCHs in their surrounding habitat (agricultural fields, 
aquatic bodies and domestic areas) for agricultural 
and vector control purposes. Moreover, the undetect-
able levels of organophosphates (Ops) indicate that 
their use in surrounding orchards is also very less. 
However, some studies reported that bats have been 
exposed to pesticides and that presence of pesticides 
in guano is an indication of their presence within the 
bat tissue as well which leads to metabolic and behav-
ioral changes in particular species if accumulated in 
higher amount. Kumar et al. (2001) carried out their 
study in 1995 and 1998 and concluded that bats had 
few residues of OCs and PCBs in them. The study 
conducted by Eidels et al. (2007) detected residues 
of OPs, pyrethroids and carbamates in bat guano 
and tissues due to oral exposure in the surrounding 
environment. Bennett and Thies (2007) reported from 
their study that the migratory and non-migratory be-
havior in two species of free tailed bats corresponded 
to levels of p, p’-DDE in them. This clearly indicates 
that presence of pesticides in bat guano are related to 
their presence in tissues of bats which leads to meta-
bolic and behavioral changes in particular species if 
accumulated in higher amount.

CONCLUSION

Concentration of heavy metals, macro and micro 
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