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BEFORE THE NATIONAL GREEN TRIBUNAL 

PRINCIPAL BENCH, NEW DELHI 

 

ORIGINAL APPLICATION NO. 1375 OF 2024 

 

IN THE MATTER OF: 

News Item titled “Four endangered crocodile found dead in Rajasthan River 

experts wonder if pollution to blame” appearing in the Indian Express dated 

06.12.2024 
 

 

REPLY ON BEHALF OF RESPONDENT NO. 1, I.E., MUNICIPAL 

CORPORATION KOTA  
 

 

MOST RESPECTFULLY SHOWETH: 
 

1. The present Reply is being filed on behalf of Respondent No. 1, i.e., 

Municipal Corporation (“answering Respondent”), in compliance of 

Order dated 25.02.2025 passed by this Hon’ble Tribunal in the present 

Original Application No. 1375/2024 (“subject OA”). It is submitted 

that this Reply is also being placed on record in terms of subsequent 

liberties granted by this Hon’ble Tribunal to the Respondents to file 

their respective responses. 

 

2. It is to note that the present OA has been instituted by this Hon’ble 

Tribunal by taking suo moto cognizance of a news item titled “Four 

endangered crocodile found dead in Rajasthan River experts wonder 

if pollution to blame” published in ‘India Express’ newspaper dated 

06.12.2024. The news report highlighted that in 2022, around 50 

crocodiles had died due to industrial waste pollution in the Chandraloi 
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River, Kota, State of Rajasthan. It was further reported that six days 

prior to the publication of the said news, four crocodiles measuring 

approximately 6–7 feet in length were found dead, with the cause of 

death attributed to industrial pollution contaminating the river water. 

The crocodiles are endangered species listed under Schedule I(c) of 

the Wildlife (Protection) Act, 1972, and their deaths are stated to have 

occurred due to water pollution. 

 

3. In view of the above, this Hon’ble Tribunal, vide order dated 

19.12.2024, was pleased to constitute a Joint Committee to ascertain 

the causes of the crocodile deaths. The Joint Committee comprises 

representatives of the Rajasthan State Pollution Control Board 

(RSPCB), the Central Pollution Control Board (CPCB), the Chief 

Wildlife Warden, State of Rajasthan, and a nominee of the Wildlife 

Institute of India, Dehradun, Uttarakhand. 

 

4. Pursuant to the directions contained in the order dated 19.12.2024, the 

Joint Committee conducted a site inspection on 24th and 25th January 

2025 and thereafter submitted a Joint Committee Report dated 

24.02.2025, which includes the analysis of water samples collected 

during the inspection. The said report stands placed on record vide 

order dated 25.02.2025.  

 

5. The Joint Committee Report summarises the findings based on the 

site inspection as follows:  

“7. Summary:-  

The joint committee visited the areas on 24 & 25 January 2025 

and collected the water samples from 09 representative 

locations where the incidents of crocodile death were reported 

during 30.11.2024 to 4.12.2024 in River Chandraloi. The 
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samples collected from drain, industrial outlets, River 

Chandraloi and Chamble and later analysed for physico-

chemical, heavy metal, pesticide and biological indicator as per 

location specific parameters. The joint committee's findings are 

quite comprehensive. It appears that organic pollution from raw 

sewage mixing into the Chandraloi River is a significant issue, 

as indicated by the physico-chemical parameters and the 

presence of Total & Faecal Coliform. The dominance of 

Chironomidae in benthic macro-invertebrates further confirms 

sewage contamination in the water body.  

 
Interestingly, the bio-assay results show a high fish survival rate 

(90% to 100%) in the collected samples. This could suggest that, 

despite the contamination, aquatic life forms are still managing 

to survive. However, the long-term impacts of such pollution on 

the ecosystem could be detrimental. 

 
 It was observed that heavy metal levels are within normal 

ranges. However, the increasing use of pesticide41s by local 

farmers is concerning. Traces of pesticides like a-BHC,13-

BHC, 8-BHC, Aldrin, Endo Sulfan, and 4,4-DDE have been 

detected in the river water. Although these concentrations are 

within the prescribed drinking water standards (IS 

10500:2012).  

 
The committee also interacted with officers of veterinary 

department, Kota who conducted the postmortem but report is 

not very clear about the cause of death as carcass was found in 

putrefied condition, the probable reason of death is multiple 

organ failure. However, samples of viscera have been sent to 

State Forensic lab Kota and report is awaited.  

 
There's a sewage system issue in Kota, resulting in raw sewage 

entering the Chandraloi River. Despite having a 2.75 MLD 

surplus sewage treatment capacity, gaps in household 

connections lead to pollution. Effective measures are needed to 
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ensure all households are properly connected and sewage is 

treated before entering the river. 

 
 As reported in newspaper 50 crocodile died recently but as per 

the record of Forest & Wildlife Department of Kota since 

January 2022 to December 2024 total 10 deaths of Crocodiles 

were reported which includes the recent 4 deaths, hence fact is 

not in consonance with the field condition.” 

 

6. That the Answering Respondent by way of the present short reply, is 

placing on record the facts pertaining to the issue in the present OA. 

 

OBSERVATIONS AND ANALYSIS BY EXPERT FROM 

UNIVERSITY OF KOTA: 

7. It is submitted that the answering Respondent sent a letter to the 

University of Kota for conducting a detailed study in Kota to know 

the actual reasons for death of crocodiles and requested that a detailed 

study may be conducted on the specified area which were selected by 

the Joint Committee. A true copy of letter dated 31.10.2025 issued by 

Municipal Corporation Kota, North to Registrar, University of Kota 

is annexed hereto and marked as ANNEXURE R1/1. 

 

8. That the experts from the University of Kota, Dr Pallavi Sharma 

(Microbiology), Dr. Sapna Bhargav (Zoology) and Ranjana Gupta 

(Zoology) Department of Wildlife Science from University of Kota 

pointed out analysis which can be taken from the review article titled 

“Gut Microbiome- Immune System Interaction in Reptiles”. 

 

A true copy of review article titled “Gut Microbiome- Immune System 

Interaction in Reptiles” is annexed hereto and marked as 

ANNEXURE R1/2. 
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9. It is submitted that the study indicates that the presence of fecal 

coliform suggests contamination; however, reptiles naturally have 

high bacterial loads, and crocodiles possess strong bacterial 

resistance. Coliform infections develop gradually and are rarely fatal 

unless combined with high toxicity or chronic pollutant exposure. 

Therefore, fecal coliform is not a direct or immediate cause of 

crocodile mortality.  

 

OBSERVATION BY THE MUNICIPAL CORPORATION KOTA ON 

JOINT COMMITTEE REPORT: 

10.  It is pertinent to note that the Joint Committee observed 

approximately 50 crocodiles alive at the Habitat Centre during its 

field visit. If fecal coliform were the cause of death, other aquatic 

species such as fish, turtles, frogs, tadpoles, and crabs would also have 

been adversely affected. 

 

11. The Bio-Assay Test conducted by the Joint Committee indicates 

90%–100% fish survival after 96 hours in 100% effluent, thereby 

ruling out acute toxicity. If fish can survive, it is improbable that 

crocodiles died due to water toxicity alone. 

 

12. In the report notes that two crocodile deaths occurred near Chandraloi 

River anicut, where expired medicines (Paracetamol and analgesics) 

were found in a nearby nallah. The Municipal Corporation, Kota has 

no role or liability regarding the disposal of expired medicines. The 

analysis of pharmaceutical contaminants falls under the purview of 

RSPCB. 
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13. As per the Joint Committee Report, the agriculture fields were 

observed on both sides of the river where mainly vegetables such as 

wheat, garlic and musteres are grown. According to the pesticides 

analysis, at river Chandraloi at Ramkhedli Puliya the concentration 

level of Aldarin were found on higher side that is 0.049 ug/l were as 

the acceptable limit as per drinking water limit as per 10500: 2012 is 

0.03 ug/l. Also, it is to be noted that Aldrin is strictly banned in India 

significant toxicity, its classification as a persistent organic pollutant 

(POP), and its tendency to bioaccumulation in the environment and 

food chain, posing severe risks to human health and wildlife (Food 

Safety and Standards Authority of India). In this regards Municipal 

Corporation Kota have no liability and no concern with agriculture 

activity. 

 

A true copy notification dated 29.11.2023 issued by Food Safety and 

Standards Authority of India is annexed hereto and marked as 

ANNEXURE R1/3. 

 

14. It is noted that the crocodiles present near Chandraloi River has 

changed their colour into greyish white colour. This is probably due 

to the chemicals discharge from chemicals into the river and also due 

to the Kota stone cutting factories situated nearby the nallah as that 

also leads to the increasing of suspended solids into the water stream 

and thus decreases the percentage of dissolved oxygen into the water 

stream. 

 

A true copy research paper titled as “Physicochemical properties of 

wastewater in three typical sewage accumulated sites of Kota 

Districts of Rajasthan” published in journal of IJANS International 
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is annexed hereto and marked as ANNEXURE R1/4. 

 

A true copy of clip of Patrika news dated 09.04.2025 is annexed 

hereto and marked as ANNEXURE R1/5. 

 

15. Regarding the crocodile found dead in Kansua Nallah, it was a 50-

year-old male. Considering the natural lifespan of crocodiles (50–70 

years), this may have been a natural death. At Chandrasel Math, two 

carcasses were found in a decomposed state, preventing 

determination of cause of death. At Ramkhedli Bridge, one 15-year-

old female crocodile was found dead, and the Joint Committee 

reported the presence of pesticides such as Aldrin, DDE and 

Endosulfan. 

 

16. Therefore, the deaths of the four crocodiles cannot be attributed to the 

answering Respondent, and RSPCB’s repeated assertion that fecal 

coliform is the cause of death is unfounded. 

 

STATUS ON SEWAGE TREATMENT IN SOUTH KOTA: 

17. It is respectfully submitted that the issue relating to the death of the 

crocodiles squarely falls within the jurisdiction of the Municipal 

Corporation Kota (South Zone). The Kota South area presently has 

two Sewage Treatment Plants (STPs): one 30 MLD STP located at 

Sajidhera and another 2 MLD STP situated near Oxyzone Park. 

 

18. Subsequently, Kota South and Kota North have been reorganized and 

merged into a single administrative body, now functioning as the 

Municipal Corporation Kota. 
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19. At present, in several areas, the work of establishing sewer lines is 

being undertaken by the Kota Development Authority (KDA), with 

the planning and execution carried out by the Rajasthan Urban 

Infrastructure Development Project (RUIDP). 

 

20. The Municipal Corporation of Kota is responsible only for the 

operation and maintenance of such sewerage infrastructure after it is 

formally handed over by RUIDP. 

 

A true copy of handover/ taken over report dated 08.04.2025 and 

02.05.2025 is annexed hereto and marked as ANNEXURE R1/6. 

 

21. It is submitted that RUIDP has been appointed as the implementing 

agency submitted work to be done under the Budget Announcement 

for the year 2025-2026 for Municipal Corporation of Kota 

 

A true copy of letter dated 09.07.2025 and 09.10.2025 by Municipal 

Corporation of Kota is annexed hereto and marked as ANNEXURE 

R1/7. 

 

22. At present, seven nallahs fall under the jurisdiction of Municipal 

Corporation, Kota. Kota City has eight Sewage Treatment Plants 

(STPs), out of which five are operated by the Municipal Corporation 

and three by the Kota Development Authority.  

S.NO Name of STP Capacity 

(MLD) 

Status Handled By: 

1.  

Oxyzone Park 

02 

 

Operatational MCK 

2. Sajidehra 30 

 

Operatational KDA 
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3. Balita 30 

 

Operatational KDA 

4. Balita 

 

30 Operatational KDA 

5. Balita 

 

15 Operatational MCK 

6. Kala Talab 

 

15 Operatational MCK 

7. Dhakadkeri 

 
40 Operatational MCK 

8. Dhakadkeri 

 
20 Under upgradation 

since Jan 2024 
MCK 

 

A true copies of CTO issued by Rajasthan State Pollution Control 

Board is annexed hereto and marked as ANNEXURE R1/8. 

 

STEPS TAKEN TO USE THE TREATED WATER OF STP IN 

HORTICULTURE OR CONSTRUCTION PURPOSES IN THE KOTA 

CITY: 

23. That recently, MoUs have been executed between the Municipal 

Corporation, Kota and local farmers for utilizing treated sewage water 

for agricultural activities, and the process is currently underway. A 

true copy of a sample of one MoU signed by farmer is annexed hereto 

and marked as ANNEXURE R1/9. 

 

24. That further the treated water could also be used for industrial 

purposes and in that case RUIDP had written letters to some major 

industries for the use of water for considering the usage of treated 

water. 

 

A true copy of letters from RUIDP to industries is annexed hereto and 

marked as ANNEXURE R1/10. 

⁠ ⁠ 
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25. That the Respondent No. 1 craves liberty of this Hon’ble Tribunal to 

file any further additional status report that may be required to be 

placed on record and reserves its right with regard to same. 

 

26. That the documents annexed to the present reply are true copies of 

their respective originals. 

 

FILED BY: 

 

(SHIV MANGAL SHARMA) (SAURABH RAJPAL)  

(ADVOCATE FOR RESPONDENT NO.1 / 

STATE OF RAJASTHAN) 

OFFICE:-D-291, 2ND  3RD FLOOR, 

DEFENCE COLONY 

NEW DELHI-110024 

MOB: -99717 92885 

E-MAIL: -advocatesaurabhrajpal@gmail.com 

PLACE: NEW DELHI 

DATE: 04.12.2025 
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INTRODUCTION

Reptiles are ectothermic amniotes and are certainly re-
markable species, such as crocodiles being designated as 
‘living fossils’ (Meyer, 1984; Stockdale & Benton, 2021). 
The origin of reptiles is thought to have been in the last 
310–320 million years, with certain species (such as croc-
odilians) enduring mass extinction events, for instance 
the catastrophic Cretaceous-Tertiary extinction event 
(Jeyamogan et al., 2020; Laurin & Reisz, 1995; Tokaryk, 
1991). Conversely, Homo sapiens are merely a single species 
in the midst of millions of other species, as well as being a 
relatively contemporary addition to planet Earth. With the 

gaining momentum of the concept of ‘One Health’, which 
connects human and animal health with the ecosystem 
(Bonilla-Aldana et al., 2020), it makes sense to look to rep-
tiles who have displayed abilities evolve, adapt, thrive and 
survive successfully over millions of years, dwelling in en-
vironments which may comprise radiation and/or heavy 
metals (Gholamhosseini et al., 2021). Reptiles also possess 
greater longevity than similar-sized land mammals, for ex-
ample crocodiles are long-lived reptiles sometimes living 
up to 100  years, advocating that we ought to learn from 
these species. Given that most of the immune system is 
thought to reside in the gut, accordingly, we speculated 
that the gut microbiome of reptiles most likely contributes 
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Abstract
Reptiles are ectothermic amniotes in a world dominated by endotherms. Reptiles 
originated more than 300 million years ago and they often dwell in polluted envi-
ronments which may expose them to pathogenic micro-organisms, radiation and/or 
heavy metals. Reptiles also possess greater longevity and may live much longer than 
similar-sized land mammals, for example, turtles, tortoises, crocodiles and tuatara 
are long-lived reptiles living up to 100 years or more. Many recent studies have em-
phasized the pivotal role of the gut microbiome on its host; thus, we postulated that 
reptilian gut microbiome and/or its metabolites and the interplay with their robust 
immune system may contribute to their longevity and overall hardiness. Herein, we 
discuss the composition of the reptilian gut microbiome, immune system–gut micro-
biome cross-talk, antimicrobial peptides, reptilian resistance to infectious diseases 
and cancer, ageing, as well the current knowledge of the genome and epigenome 
of these remarkable species. Preliminary studies have demonstrated that microbial 
gut flora of reptiles such as crocodiles, tortoises, water monitor lizard and python 
exhibit remarkable anticancer and antibacterial properties, as well as comprise novel 
gut bacterial metabolites and antimicrobial peptides. The underlying mechanisms 
between the gut microbiome and the immune system may hold clues to developing 
new therapies overall for health, and possible extrapolation to exploit the ancient 
defence systems of reptiles for Homo sapiens benefit.

K E Y W O R D S

antimicrobial peptides, epigenetics, gut microbiome, immune system, longevity, novel metabolites, 
reptiles
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to their robust immune system, their ability to thwart in-
fectious diseases, cancer, and in some cases display limited 
or negligible senescence (Akbar, Siddiqui, Sagathevan, 
Iqbal, et al., 2019; Akbar, Siddiqui, Sagathevan, et al., 
2020; Jeyamogan et al., 2019, 2020; Siddiqui et al., 2021; 
Wiertsema et al., 2021). Currently, the gut microbiome is 
accepted to play a crucial role on the health of the host, and 
a surfeit of studies have depicted that the gut microbiome 
may provide protection against neurodevelopment disor-
ders, as well as cancer, among other diseases (Lee et al., 
2021; Mohajeri et al., 2018; Siddiqui et al., 2021). Moreover, 
the relationship between the microbiome and the mam-
malian immune system has been described (Zheng et al., 
2020). However, there is a dearth of studies on the gut 
microbiome composition of reptiles and their interaction 
with their immune system and other important attributes, 
despite these species depicting a robust immune system 
and the ability to survive in environments that are detri-
mental to humans (Jeyamogan et al., 2017; Siddiqui et al., 
2017). Reptiles are normally long-lived, generally with a 
prolonged period of growth as well as maturing earlier in 
life. Reptiles are ectothermic and so are unable to regulate 
their inner body temperature. They undergo ardent sea-
sonal shifts in behaviour associated with environmental 
temperatures and these attributes may impact their im-
mune function (Zimmerman et al., 2010). Furthermore, 
molecular mechanisms and microbiome cross-talk with 
the immune system, as well as the underlying benefits to 
reptile physiology are not yet comprehended. Herein, we 

discuss the composition of the reptilian gut microbiome, 
immune system–gut microbiome cross-talk, antimicrobial 
peptides, longevity and cellular senescence, reptilian resis-
tance to infectious diseases and cancer, as well the current 
knowledge of the genome and epigenome of these remark-
able species (Figure 1). Given the profound role of the gut 
microbiome, it is anticipated that studies on the reptilian 
gut microbiome will elucidate a myriad of important infor-
mation for the benefit of Homo sapiens.

REPTILES AND THEIR GUT 
MICROBIOME

Reptiles belong to the class Reptilia that consists of croco-
dilians, turtles, snakes, lizards, amphisbaenians and tua-
tara. Approximately 11,570 different species of reptiles, 
and 2192 subspecies were described in 2021 and this list 
is continually growing (Mans et al., 2021; reptile-database.
org; Uetz, 2016). Reptiles belong to the Animalia kingdom, 
Chordata phylum, Reptilia class and Sauropsida clade. 
The Reptilia class comprises four orders: turtles and tor-
toises (Testudines), tuataras (Rhynochocephalia), snakes 
and lizards (Squamata) and crocodilans (Crocodilia) 
(Mans et al., 2021; Modesto et al., 2004).

It has been suggested that the gut microbiome is 
closely related to the host evolution and this has probably 
affected host species evolution for millions of years, pos-
sibly impacting the communities evolutionary trajectories 

F I G U R E  1   The role of reptilian gut microbiome in host defence and immunity. AMP, Antimicrobial peptides; Ig, immunoglobulins; 
SCFA, short-chain fatty acid
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(Fraune & Bosch, 2010; Scheelings et al., 2020; Zilber-
Rosenberg & Rosenberg, 2008). Reptile-associated micro-
biomes likely contain a myriad of information waiting to 
be explored.

In humans, the gut microbiome comprises circa 100 
trillion micro-organisms (mainly bacteria, but also fungi, 
protists and viruses) and encodes more than 3  million 
genes that likely yield thousands of metabolites, with 
countless functions that influence the overall health of 
the host (Almeida et al., 2021; Bull & Plummer, 2014; 
Valdes et al., 2018). Various reports indicate that the mi-
crobiome can impart protection against disorders such as 
systemic metabolic disease (type 2 diabetes and obesity), 
inflammatory bowel disease, eczema, allergic diseases, 
whereas dysbiosis in the gut can, in turn, lead to develop-
ment of disease as well as affect the immune system and 
even ageing (Bosco & Noti, 2021; Chakaroun et al., 2020; 
Ghoshal et al., 2012; Kang et al., 2017; Kelly et al., 2017). 
Prior studies indicate that the vertebrates gut microbiome 
is dominated by Bacteroidetes and Firmicutes, which are 
known to impact the physiology of their host in regard to 
metabolism and the immune system (Magne et al., 2020; 
Thomas et al., 2011). Other species namely Proteobacteria, 
Fusobacteria, Actino-bacteria and Verrucomicrobia are rel-
atively less (Eckburg et al., 2005).

There are limited number of reports on the gut micro-
biome composition of reptiles, but with emerging next 
generation sequencing technologies it has been revealed 
that the core gut microbiome of reptiles gut microbiome 
consists of Proteobacteria, Firmicutes and Bacteroidetes 
and that reptile gut bacterial communities are more com-
parable to birds than mammals (Colston, 2017).

Forthcoming studies are warranted to determine the 
core gut microbiome of the reptilian species. For instance, 
from the 26 species of extant crocodilians (Moreira et al., 
2021), analyses of microbiome have merely been accom-
plished in the alligator and salt water crocodile (Keenan 
et al., 2013; Willson et al., 2019). Given that these species 
are so resilient, as well as long-lived and display limited 
cellular senescence (Jones et al., 2014), studies to compre-
hend how their gut microbiome is connected with these 
attributes are necessary. One study reported the gut mi-
crobiome composition of the Australian saltwater croco-
dile (Crocodylus porosus) (Willson et al., 2019). This study 
depicted that the gut microbiome comprised Firmicutes, 
mainly Clostridia, and Fusobacteria, indicating that the 
crocodile gut microbiome is indeed distinct from mam-
mals, fish and other reptiles which are typically domi-
nated by Firmicutes and Bacteroidetes (Willson et al., 2019). 
Another recent study in the same crocodile species revealed 
that the gut bacteria was comprised of species including 
Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes 
and Deinococcus-Thermus (Khan et al., 2021). Prior to this 

study, it was reported the gut microbiome of alligators com-
prises of a core microbiome of Fusobacteria, Bacteroidetes, 
Firmicutes and Proteobacteria. Furthermore, the presence 
of Fusobacteria in the gut microbiome of alligators made 
them unique (Keenan et al., 2013). Nonetheless, these are 
the only studies that have been conducted to elucidate the 
gut microbiome in crocodilians.

A recent study examined the wild crotaline snake gut 
microbiome, known as the cottonmouth (Agkistrodon pi-
scivorus) snake (Colston et al., 2015). This study revealed 
that Proteobacteria were abundant in the small intestine 
and cloaca (the single opening for both excretory and re-
productive organs in reptiles) and members of the phy-
lum Bacteroidetes were the dominant bacteria of the large 
intestine. However, another prior study indicated that 
the python gut microbiome was dominated by members 
of Bacteroidetes and Firmicutes (Costello et al., 2010). Of 
note, most extant reptiles are carnivores, while approxi-
mately 2% of known species are herbivores (Stevens & 
Hume, 2004).

In another report, it was found that the Gopher tor-
toise faecal microbiome was dominated by Bacteroidetes 
and Firmicutes in equal ratios, whereas normally reptiles 
that are herbivores usually have faecal bacteria dominated 
by Firmicutes (Hong et al., 2011; Yuan et al., 2015). Of 
note, tortoises and turtles are usually herbivore species 
among the reptiles (Vitt & Caldwell, 2013). Interestingly, 
increased diversity of bacterial species was found in adult 
tortoises in comparison to juveniles, which has also been 
observed in human gut microbiome studies (Koenig et al., 
2011; Yuan et al., 2015). A weak correlation was observed 
between microbiome composition and kinship, with close 
relatives depicting similar microbiome composition, that 
may have arisen during direct transmission in egg devel-
opment and/or sibling association in the nest (Yuan et al., 
2015).

Recently, the gut microbiota in farmed snake species 
was elucidated in China (Zhang et al., 2019). The study 
revealed that Bacteroidetes, Proteobacteria, Firmicutes, 
Fusobacteria and Actinobacteria were most abundant, dif-
fering from mammals and birds and other reptiles (Keenan 
et al., 2013; Ley et al., 2008; McLaughlin et al., 2015; Waite 
& Taylor, 2014). In another major taxa of reptiles, a study 
was conducted in lizards, and this portrayed that their gut 
microbiome was dominated by Firmicutes, Bacteroidetes 
and Proteobacteria (Hong et al., 2011; Ren et al., 2016).

IMMUNE SYSTEM OF REPTILES

Although reptiles have an important status in evolution-
ary history, the reptilian immune system has gathered in-
sufficient attention (Zimmerman et al., 2010). It is thought 
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that 70%–80% of immune cells are present in the gut, and 
they portray an intricate relationship with the gut micro-
biome (Wiertsema et al., 2021). Reptiles have an innate 
and adaptive immune system. The innate system, which 
incorporates components like non-specific leukocytes, a 
complement system and antimicrobial peptides, responds 
quickly as a non-specific first line of defence against a 
wide range of pathogens. Whereas the adaptive system is 
more specific but responds slower, producing a quicker 
and stronger response upon second exposure to an antigen 
(Rimer et al., 2014). In many cases, reptilian responses are 
stronger than those from mammals (Zimmerman, 2020). 
The ability of reptiles to depict attributes of an immune 
system was first demonstrated in lizards in the 1970s, 
when the adaptive significance of fever was portrayed, and 
higher body temperature improved their survival (Kluger 
et al., 1975). Recent work in reptiles has shown that their 
immune systems comprise similar general components in 
comparison to mammals, such as the level of organiza-
tion of lymphoid tissue (Neely & Flajnik, 2016) and slight 
variations in the expression of cytokines (Zimmerman 
et al., 2014). This may lead to different immune strategies 
which may not fall categorically into the innate/adaptive 
categorization. Furthermore, cell-mediated responses 
such as T-cell proliferation and allograft rejection are af-
fected significantly by the season; thus, this needs to be 
taken into account when studying the reptilian immune 
system. Much less is known about the adaptive branch, 
and studies of the cell-mediated and humoral responses 
are few and far between (Zimmerman, 2020; Zimmerman 
et al., 2010). For instance, the immune system of croco-
dilians is not well known; however, evidence indicates an 
active alternative serum complement pathway (belonging 
to the innate immune system) in freshwater and saltwa-
ter crocodiles (Merchant & Britton, 2006). This has also 
been suggested in alligators, but the proteins that activate 
the cascade may be via different micro-organisms, or the 
proteins may comprise varied specificities for various mi-
crobe membrane composition types (Merchant & Britton, 
2006).

The microbiome plays an important role in the proper 
performance, training and activation of the immune sys-
tem (Belkaid & Hand, 2014). Autoimmune and inflamma-
tory diseases in humans are now known to be connected 
with dysregulation of the immune system (Li et al., 2018). 
Furthermore, over the recent years, it has become evi-
dent that the immune system is interconnected with the 
gut microbiome; which is a key contributory factor of im-
mune responses (Wiertsema et al., 2021). Consequently, 
the role of several micro-organisms and their metabolites 
in human health is becoming apparent (Belkaid & Hand, 
2014). However, the role of the gut microbiome in rep-
tiles and interaction with their immune system is poorly 

understood, and is warranted, given that the reptilian im-
mune system is so robust and that at least 70% of the im-
mune system is thought to reside in the gut. The study of 
the reptile immune system also has practical implications 
as reptiles are threatened by emerging diseases as well 
as anthropogenic activities, and thus understanding the 
reptilian immune system will be of value in reptile con-
servation (Fitzgerald et al., 2018). Likewise, there may be 
relevance human health. For example, the strong innate 
immune system of reptiles may lead to new approaches to 
combat antibiotic-resistant bacteria and other pathogens 
(Akbar, Khan, et al., 2019; Akbar, Siddiqui, Iqbal, et al., 
2020; Akbar, Siddiqui, Sagathevan, Iqbal, et al., 2019; 
Siroski et al., 2015). For instance, it has been suggested 
that the ability of alligators and crocodiles to thrive in 
environments that are laden with pathogens and heavy 
metals is probably due to a highly evolved immune system 
that most likely developed in evolution with their gut mi-
crobiome (Jeyamogan et al., 2019; Keenan & Elsey, 2015). 
Moreover, crocodilians, in particular the alligator may 
come across a high load of faecal coliforms in their aquatic 
environment (Johnston et al., 2010). Nonetheless, despite 
constantly being exposed to many potential pathogens, 
crocodilians do not seem to be susceptible to infection by 
these organisms, either systemically or through their skin, 
via lesions or wounds suggesting that these species possess 
potent antimicrobial abilities in their immune systems or 
gut microbiome (Kommanee et al., 2012; Merchant et al., 
2006; Pata et al., 2007; Siddiqui et al., 2017, 2021).

REPTILIAN ANTIMICROBIAL 
PEPTIDES

It has been speculated that antimicrobial peptides may be 
a contributory factor in their evolutionary success (Van 
Hoek, 2014). Antimicrobial peptides are small molecu-
lar peptides with biological activity, and have molecular 
weights between 2000 and 7000 Da, and comprise between 
20 and 60 amino acid residues (Forde & Devocelle, 2015). 
Antimicrobial peptides are part of an ancient defence sys-
tem, and have co-evolved with the gut microbiome (Zong 
et al., 2020). Several classes of antimicrobial peptides are 
currently known, comprising defensins, cecropins, ma-
gainins, melittin, dermaseptins and cathelicidins (Wade 
et al., 2012). Various organisms, such as micro-organisms, 
plants, insects, mammals and reptiles, are known to pro-
duce antimicrobial peptides (Pasupuleti et al., 2012). 
These antimicrobial peptides portray antimicrobial activi-
ties, via eradication of pathogens such as bacteria, fungi, 
viruses or parasites or through immune response modu-
lation, or via gut microbiome metabolites. Furthermore, 
these peptides recruit immune cells and activate them 
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leading to enhanced pathogen elimination or control of 
inflammation, angiogenesis, wound healing and even dis-
play antitumor activity (Hilchie et al., 2013; Teixeira et al., 
2020). Enterocytes and Paneth cells (important secretory 
cells localized within intestinal crypts) in the gastrointes-
tinal tract are thought to be the primary sources of antimi-
crobial peptides (Zong et al., 2020). Studies have portrayed 
that impaired antimicrobial peptide responses may lead to 
increased gastrointestinal infection with pathogens such 
as Acinetobacter baumannii, Yersinia pseudotuberculosis 
and Pseudomonas aeruginosa in the host (Muniz et al., 
2012; Mwangi et al., 2019). Those suffering from inflam-
matory bowel disease exhibit reduced gastrointestinal 
antimicrobial peptides, which may potentially result in 
dysbiosis (Yao et al., 2017).

Reptilian antimicrobial peptides have shown anti-
microbial and antifungal activities, including members 
of the defensins, cathelicidins and lysozyme class (Van 
Hoek, 2014). Recently, β-defensin variants were identified, 
in Alligator mississippiensis which displayed antimicrobial 
and antibiofilm activities (Santana et al., 2021) and ear-
lier β-defensin genes and peptides were found in the red-
eared slider turtle (Kaplinsky et al., 2013). Another study 
in lizards depicted genes encoding various β-defensin type 
peptides in the Anole carolinensis genome, and lizards are 
well recognized to be highly resistant to infection (Dalla 
Valle et al., 2012). Furthermore, 20 β-defensins genes were 
elucidated via bioinformatic and experimental techniques 
in the genome of Alligator sinensis, the Chinese Alligator 
(Tang et al., 2018). In a different study, haemoglobin hy-
drolysate from Crocodylus siamensis depicted a novel 
antibacterial peptide, which was able to cause iron dysreg-
ulation, induce permeabilization in membranes and cause 
bacterial death (Lueangsakulthai et al., 2017).

Antimicrobial peptides from snakes have been well de-
scribed and snake venoms have been considered as a rich 
source of bioactive compounds for drug discovery (Pérez-
Peinado et al., 2020). For example, in a recent study, pep-
tidomes from the snake venoms of Bothrops atrox and 
Bothrops jararacussu snake venoms were purified, charac-
terized and their activities were determined against gram-
positive and gram-negative bacteria. And also against 
the parasites Leishmania amazonensis and Plasmodium 
falciparum and these identified antimicrobial peptides 
may be utilized as potential novel drugs (da Silva Caldeira 
et al., 2021). The importance of antimicrobial peptides 
in human health and comprehension of their regulatory 
mechanisms is ongoing. Antimicrobial peptides have been 
shown to influence pleiotropic functions in the eradica-
tion of microbes in the gastrointestinal tract and also im-
pact homeostasis and the immune system (Muniz et al., 
2012). Antimicrobial peptides are thought to encourage 
immune responses to invading microbes via the activation 

and of leukocytes via interaction with chemokine and 
formyl peptide receptors. Prospective studies should be 
conducted in reptiles to elucidate the role of reptilian an-
timicrobial peptides in intestinal homeostasis as well as 
determining the role of the microbiome during reptile 
health and disease.

IMMUNE SYSTEM– GUT 
MICROBIOME CROSS -TALK

The gut microbiome is known to produce metabolites that 
converse with the immune system and modulate immune 
responses, which plays a central part in cellular signal-
ling, inflammation and interaction with the immune cells 
(Belkaid & Hand, 2014; Kau et al., 2011). Various immune 
cells, such as phagocytes, macrophages and dendritic cells 
are closely linked with the gut microbiome and its metab-
olites and have key roles in gut homeostasis maintenance 
as well as recognition of pathogenic bacteria (Jiao et al., 
2020). Gut-associated lymphoid tissues are part of the 
mucosal associated lymphoid tissues (Brandtzaeg et al., 
2008). Previous work indicated that the structural make-
up of the gut-associated lymphoid tissue depends on the 
gut microbiome. For instance, in germ-free animals, the 
development of gut-associated lymphoid tissue was per-
turbed and characterized by abnormal crypt patches for-
mation and innate lymphoid cells (Hamada et al., 2002; 
Rhee et al., 2004). In fact, it is thought that gut-associated 
lymphoid tissues are a vital connection between the im-
mune system and the gut microbiome. Previously, it 
was shown that pro-inflammatory cytokines produced 
by gut-associated lymphoid tissue in vivo models (Dark 
Agouti rats and Albino Oxford rats). Greater proportions 
of CD4+ T cells and regulatory T cells in non-immunized 
Dark Agouti rats were observed in comparison to Albino 
Oxofrd rats. The study concluded that differing species of 
gut microbiome may impact susceptibility to autoimmune 
diseases (Stanisavljević et al., 2016), while others show 
that metabolic by products produced by the gut bacteria 
such as short-chain fatty acids (SCFAs) may regulate the 
immune response of the gut-associated lymphoid tissue 
through epigenetic mechanisms (Jiao et al., 2020).

Short-chain fatty acids are important microbial me-
tabolites and comprise approximately two and six carbon 
atoms in their chain, such as butyrate, acetate and propi-
onate (Den Besten et al., 2013). In mammals, SCFAs are 
known to play a critical role in food intake regulation and 
protect against pathogen infiltration, as well as intestinal 
barrier integrity maintenance (Martin et al., 2018; Yoo 
et al., 2020). Moreover, SCFAs regulate host immune cells 
and provide a carbon source for colonocytes (Cummings 
et al., 1987). SCFAs also display anti-inflammatory 
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properties on host immune cells, and regulating ex-
pression of pro-inflammatory cytokines, for instance: 
Interleukin-12 (IL-12), IL-6 and tumour necrosis factor-α, 
through activation of macrophages (Vinolo et al., 2011).

It has been reported that SCFAs can inhibit gut inflam-
mation through various mechanisms and are known to 
stimulate histone acetyltransferase activity and stabiliz-
ing hypoxia-inducible factors (Vinolo et al., 2011). It was 
shown that butyrate possesses anti-inflammatory effects; 
in vitro and ex vivo production of cytokines and nitric 
oxide (NO) by Lipopolysaccharides-stimulated neutro-
phils was inhibited. It was revealed that propionate also 
reduced the production of these cytokines and NO in vitro 
by neutrophils but was less potent than butyrate (Vinolo 
et al., 2011). Earlier reports revealed that butyrate and 
propionate can inhibit production of proinflammatory 
cytokines and NO in murine macrophages, and this was 
connected with NF-κB activation inhibition (Park et al., 
2007).

Recently, it was shown that germ-free mice, which 
have low levels of SCFAs due to the absence of micro-
biome, also have an increased food intake (Tremaroli & 
Bäckhed, 2012). Several reports in fish depicted the pro-
duction of SCFAs in the gastrointestinal tract, with the 
highest levels occurring in the distal intestine (Tran et al., 
2020). Moreover, in comparison to what it is observed in 
mammals, carnivorous fish have relatively higher concen-
trations of SCFAs than omnivorous or herbivorous spe-
cies (Tran et al., 2020). A study was reported in sea bass 
(Sparus aurata) which revealed that butyrate improved 
adverse effects from consuming a plant-based diet, includ-
ing the upregulation of inflammatory markers and high 
presence of granulocytes and lymphocytes in the submu-
cosa (Estensoro et al., 2016).

The presence of SCFAs in reptiles has not yet been 
reported in the literature; nonetheless, the gut bacterial 
metabolites from the water monitor lizard (Varanus sal-
vator) revealed hydroxylated fatty acids and oxygenated 
fatty acids in a recent study (Akbar, Siddiqui, Sagathevan, 
Iqbal, et al., 2019). Among the reptiles, the water monitor 
lizard is an important species; and it has been used for me-
dicinal reasons. These reptiles feed human-discarded food 
waste and carcasses of wild animals such as pig (Uyeda, 
2015; Uyeda et al., 2013). The study elucidated the identity 
of several gut bacterial metabolites from the water moni-
tor lizard and several secondary metabolites with antibac-
terial properties including alkaloids, flavonoids, terpenes, 
hydroxylated fatty acids, oxygenated fatty acids and pyra-
zine derivatives were found (Akbar, Siddiqui, Sagathevan, 
Iqbal, et al., 2019). Interestingly, numerous potentially 
novel molecules with no previously reported biological ac-
tivity were also ascertained. Furthermore, several of these 
metabolites showed promising antibacterial activities. In 

another study carried out in the crocodile (Crocodylus 
porosus), numerous potential anticancer peptides were 
elucidated, as well as several small peptides from the 
serum of the crocodile (Jeyamogan et al., 2020). In a 
subsequent study, several novel molecules that showed 
anticancer efficacies were discovered from the crocodile 
gut bacterial metabolites, which comprised: flavonoids, 
lactic acid, F-Honaucin A, L,L-Cyclo(leucylprolyl) and 
3-hydroxy-decanoic acid; however, the activities of most 
of these gut bacterial metabolites need to be elucidated 
(Khan et al., 2021). Further characterization of these inno-
vative molecules is needed and these should be tested both 
in vitro and in vivo models as well as germ-free animals to 
understand their precise mechanism of action, interaction 
with the immune system and potential use as probiotics.

GENOME AND EPIGENOME OF 
REPTILES

Most genomic sequencing has remained focused on 
Homo sapiens as evident by forthcoming plans to se-
quence 2 million human genomes for use in personalized 
medicine (Ledford, 2016). Many animal species that are 
in vivo models in research, or important in agriculture, 
have also been sequenced. On the other hand, reptile ge-
nomes have naturally received much less consideration. 
In 2011, the first reptile to be sequenced was the North 
American green anole lizard (Anolis carolinensis) and 
the genome was shown to encode for several β-defensin 
antimicrobial peptide and lysozyme genes. (Alföldi et al., 
2011). Successively, all four orders of reptiles have been 
sequenced (Zimmerman, 2020) which includes members 
of the Squamata, such as the King Cobra (Ophiophagus 
hannah) (Vonk et al., 2013). The first draft genomes of 
snakes comprised of the Boa constrictor, and the Burmese 
python (Python bivittatus) were sequenced and the ge-
nome sizes were found to be approximately half the size 
of the human genome, closer to the smaller genomes of 
such as the chicken and the anole lizard (Kerkkamp et al., 
2016). More recently, the genome of the Tiger Rattlesnake 
was elucidated (Margres et al., 2021). This study revealed 
the most contiguous snake-genome assembly and it was 
shown that chromatin accessibility, gene loss and levels of 
methylation contributed to produce the simple and most 
toxic rattlesnake venom as well as key mechanisms were 
also identified (Margres et al., 2021). Future work in the 
Tiger Rattlesnake and other snake species can focus on 
extrapolating this information from the genome to mime 
bioactive molecules. Previously, working on snake ven-
oms led to the discovery of the important drugs such as 
Captopril, which is used for the treatment of hyperten-
sion, Integrilin, used for heart patients and Byetta, used to 
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treat symptoms of diabetes (Bryan, 2009; Kerkkamp et al., 
2016; Raufman, 1996).

The tuatara (Sphenodon punctatus) endemic in 
New Zealand, whose genome has recently been sequenced, 
revealed that the genomic architecture was unique and a 
combination of features characteristic of mammals and 
reptiles (Gemmell et al., 2020). Interestingly, multiple re-
petitive sequences as well as the higher levels of methyl-
ation were observed (Gemmell et al., 2020). Furthermore, 
genetic candidates that may be connected with the longev-
ity and apparent resistance to infectious diseases in the tu-
atara should be elucidated, given this reptile is long-lived, 
with a life span of up to 100 years or more (Castanet, 1994; 
Gemmell et al., 2020).

The testudine order comprises turtles and tortoises. 
The western painted turtle (Chrysemys picta bellii) ge-
nome was recently sequenced as well as the green sea 
turtle (Chelonia mydas) and the Chinese softshell tur-
tle (Pelodiscus sinensis) genomes (Ernst & Lovich, 2009; 
Shaffer et al., 2013; Wang et al., 2013). The genomes of 
these turtles encode snake-like antimicrobial peptides and 
defensin type peptides that are similar to avian antimicro-
bial peptides.

Various genome sequences of crocodilians have been 
reported and more sequencing studies are currently un-
derway (Castoe & Pollock, 2013; St John et al., 2012) which 
comprise the Chinese alligator (Alligator sinensis), the 
American alligator (Alligator mississippiensis), the saltwa-
ter crocodile (Crocodylus porosus) and the Indian gharial 
(Gavialis gangeticus) (St John et al., 2012; Wan et al., 2013). 
This has greatly expanded the range of immunological 
studies that are possible by both aiding in reagent devel-
opment and providing the basis for comparative studies 
across the orders.

The record of changes in the DNA of the organism 
is known as the epigenome and it encompasses several 
environmental changes over the life span (Pal & Tyler, 
2016). Various epigenetic occurrences are concomitant 
with ageing but it varies between species and they are not 
well elucidated yet (de Paoli-Iseppi et al., 2017). Likewise, 
the environment and the genome are thought to impact 
the longevity, aetiology of disorders, immune system and 
overall health with epigenetic mechanisms as key arbi-
trators of complex interactions (Liu et al., 2008). Several 
reports connected with global DNA methylation, con-
ducted in humans, link methylation to cancer incidence 
and other diseases as well exposure to environmental tox-
ins and other diseases (Choi et al., 2009). Limited studies 
on the reptile epigenome have been employed. Alteration 
in reptile epigenomes will be helpful to assess epigenetic 
biomarkers and determine any environmental exposures 
and influence on reptile health. Interestingly, crocodilian 
genome analyses depicted that they have evolved very 

slowly over the past several million years, and it will be 
useful to grasp how slow-evolving species such as the 
crocodile are able to thrive over millions of years despite 
the ongoing environmental changes (Green et al., 2014). A 
recent study in alligators residing in three different lakes 
in Florida, with different levels of contaminants, was con-
ducted. Results from the study portrayed no significant 
DNA methylation difference in the three different groups, 
revealing the resilience of these species against environ-
mental contaminants and the fact that contaminants did 
not result in changes in the DNA (Guillette et al., 2016).

Recent knowledge regarding DNA methylation in 
animals is on the rise; however, data on DNA methyla-
tion in reptiles is very scarce. The basic patterns of DNA 
methylation appear to be similar to those seen in other 
vertebrates, for instance the depiction of non-methylated 
islands in gene promoters (Long et al., 2013). Nonetheless, 
more research is required to understand reptilian epigene-
tic mechanisms. Epigenetic therapy, often in combination 
with other therapies, may become a potent tool to treat 
various diseases that comprise, heart disease, diabetes, 
and that are impacted by these changes. Given the resil-
ience of reptiles and their longevity, studies on the ge-
nome and epigenome of these species are warranted.

REPTILE RESISTANCE TO 
INFECTIOUS AGENTS, CANCER 
AND LONGEVITY

Several reptile species appear to be resistant to infectious 
diseases and/or cancer, as well as showing reduced rates 
of cellular senescence with reports of extreme longevity 
and/or negligible senescence in some reptiles. Cellular 
senescence is the disintegration of physiological and 
biochemical function with increasing age, which even-
tually results in age-related issues and functional dete-
rioration. At the cellular level, senescence encompasses 
multi-faceted signalling pathways, functional and genetic 
changes (Hoekstra et al., 2020; Van Deursen, 2014). Some 
reptiles, such as crocodiles or turtles with decreased mor-
tality may also be potentially connected with reduced rates 
of senescence and there are reports of extreme longevity 
and/or negligible senescence in reptiles (de Magalhães 
& Costa, 2009). For instance, reptiles such as crocodiles 
possess ‘protective phenotypes’ or adaptations that may 
impact their mortality (Hoekstra et al., 2020). Protective 
phenotypes in reptiles are venom or toxicity in lizards or 
snakes, skin armour in crocodilians, and external ribcages 
or shells in turtles (Hoekstra et al., 2020). A recent re-
port portrayed negligible or slow senescence relative to 
their mortality in three reptiles, specifically the lizard 
(Zootoca vivipara), the freshwater crocodile (Crocodylus 
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johnstoni) and desert tortoise (Gopherus agassizi) (Jones 
et al., 2014). Interestingly, both the crocodile and desert 
tortoise showed no decline in reproduction even with 
their advancing age. Importantly, it has been reported that 
gut microbiome composition is interconnected with dif-
ferent ageing conditions in humans, such as cancer, car-
diovascular disease, dementia, and further age-associated 
mechanisms which may lead to accumulation of aged 
immune cells, oxidative stress-mediated macromolecular 
damage and metabolic dysregulation (Renson et al., 2020). 
Moreover, some reports show that age-related diseases 
may be due to gut dysbiosis (Narasimhan et al., 2021). 
Furthermore, it is now understood that aging is usually 
connected with decreased diversity of the gut microbi-
ome, in particular the Firmicutes to Bacteroides ratio, as 
well as elevation in some opportunistic species and some 
Proteobacteria (Biagi et al., 2010). As indicated above, it 
seems that reptiles display negligible senescence and con-
tinue to reproduce in their advanced age, which may be 
due to their unique gut microbiome and interaction with 
their immune system. The role of reptile gut microbiome 
in ageing is not yet comprehended and needs to be eluci-
dated. It will be interesting to extrapolate reptilian gut mi-
crobiome and/or their metabolites with an eye to utilize 
these for possible clinical therapeutic use. Alternatively, 
implantation of selected gut microbiome species from rep-
tiles into in vivo models of ageing or disease will be useful; 
nonetheless, further research will be required (Siddiqui 
et al., 2021).

There are several reports which discuss the ability of 
reptiles to fight infectious diseases and/or cancer (Akbar, 
Siddiqui, Sagathevan, & Khan, 2019; Jeyamogan et al., 
2017; Shaw, 2009; Siddiqui et al., 2017; Soopramanien et al., 
2021; Zhao et al., 2008; Zhong et al., 2020; Jeyamogan et al., 
2021). In a recent study, the effects of crude Pseudocerastes 
and Eristicophis snake venoms in haematological disor-
ders and cancer treatment were investigated (Ghezellou 
et al., 2021). The study found that the Pseudocerastes ven-
oms significantly reduced the viability of human mela-
noma cells by more than 80%, and had almost no effects 
on healthy neonatal foreskin fibroblasts (Ghezellou et al., 
2021).

Other studies in crocodilians found that there is a high 
incidence of Salmonella in farmed Crocodylus porosus 
and Crocodylus johnsoni (Manolis et al., 1991). In another 
study, a plethora of Salmonella serotypes were observed 
in healthy Nile crocodiles (Crocodylus niloticus) (Madsen 
et al., 1998). Various work revealed that serum from croco-
dilians possesses antimicrobial properties. For example, a 
recent study portrayed anti-amoebic activities from croco-
dile sera from the mugger crocodile (Crocodylus palustris) 
and crocodile sera diminished viability of Acanthamoeba, 
a free-living amoebae and opportunistic pathogen. In 

addition, lysates from various tissues of the crocodile de-
picted potent anti-amoebic activity (Siddiqui et al., 2017). 
In another study, it was shown that crude extracts from 
the tissues of the Nile crocodile (Crocodylus niloticus) por-
tray antimicrobial properties (Shaharabany et al., 1999). 
In a recent work carried out in the fresh water crocodile 
(Crocodylus siamensis), an antibacterial compound from 
blood was partially purified and functionally character-
ized and given the name ‘crocosin’. Crocosin exhibited 
activities against Salmonella typhi and Staphylococcus au-
reus and it has been speculated that this compound may 
be used as a defence mechanism from bacterial infections 
in freshwater (Preecharram et al., 2010).

This work was substantiated by other reports in the 
close relative: the American alligator (Alligator missis-
sippiensis) that showed strong antibacterial, antiviral 
and amoebicidal efficacies (Merchant et al., 2003, 2004, 
2005). Moreover, in another recent study, four novel an-
tibacterial peptides were shown from Siamese crocodile 
white blood cell extracts termed as leucrocins. These ex-
hibited potent antibacterial efficacies against Vibrio chol-
erae, Staphylococcus epidermidis and Salmonella typhi 
(Pata et al., 2011). Prospective work is needed to under-
stand the detailed nature of these antimicrobial effects, 
as well as the association with the gut microbiome and 
its metabolites.

Both cancer and aging are connected biologically (Fane 
& Weeraratna, 2020). It is now thought that some cellular 
processes such as response to DNA damage and cellular 
senescence are involved in tumour suppression and age-
ing. Furthermore, increasing age in humans is considered 
a risk factor for cancer development (Torre et al., 2015). 
Nonetheless, the connections between aging and cancer 
are multifaceted, as aging also comprises loss of organ 
function as well as tissue degeneration, whereby cancer 
involves sustained cellular proliferation and gain of new 
functions (Zinger et al., 2017).

The anticancer efficacy of crocodile sera and their vari-
ous organ lysates was elucidated in vitro (Jeyamogan et al., 
2020). Crocodile serum exhibited potent growth inhibitory 
efficacies as well as cytotoxic effects against in vitro can-
cer cell lines. Moreover, this study revealed the differen-
tial gene analysis of cancer cells incubated with crocodile 
sera. Analyses highlighted that 51 genes in breast cancer 
cells, 14 genes in treated cervical cancer cells and 2 genes 
in prostate cancer cell lines were differentially expressed 
in comparison to controls with these genes involved in 
cellular communication, DNA growth and repair, respi-
ration and others (Jeyamogan et al., 2020). In this study, 
numerous potential anticancer peptides were elucidated 
(Jeyamogan et al., 2020) and subsequently in a follow-up 
study, several novel molecules that showed anticancer ef-
ficacies were discovered from the crocodile's gut bacterial 
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metabolites, suggesting that crocodile's resistance to can-
cer may be connected with their gut bacterial metabolites; 
however, further work needs to be accomplished (Khan 
et al., 2021). Nonetheless, the precise genetic mechanisms 
for these anticancer effects remain to be determined, and 
further research to determine the connection with the gut 
microbiome and its metabolites should be undertaken in 
other reptiles as well such as the tuatara which is also a 
long-lived animal.

CONCLUSION

Reptiles possess a highly robust immune system and a 
unique gut microbiome which most likely contributes to 
their ability to produce antimicrobial peptides as well as 
their apparent resistant to infection and cancer and their 
longevity. At the moment, there are very few reports on 
the reptile gut microbiome and even fewer on the gut 
microbial metabolites produced and the interplay with 
the immune system. Implantation of selected gut micro-
biome species from reptiles into disease or ageing mam-
malian models and germ-free in vivo models may offer 
an approach in the identification of novel therapeutic in-
terventions to benefit human health. In a recent study, it 
was shown that microbiome from young mice were able 
to reverse signs of ageing in older mice (Boehme et al., 
2021). In this study, the older mice were given faecal ma-
terial from younger mice and it was found that species 
Enterococcus became much more abundant in the older 
mice, similar to younger mice. Interestingly, changes in 
the hippocampus region of the brain were also perceived 
to become physically and chemically similar to younger 
mice. The mice who received microbiome transplants 
were also able to solve mazes faster. Furthermore, none 
of these effects were observed in control older mice who 
received microbiome transplants from fellow older mice. 
In another recent and interesting study, the development 
of a genetically engineered mouse was described whereby 
antibodies similar to those generated by llamas were gen-
erated (Xu et al., 2021). These nanobodies were able to 
overcome the recently elucidated SARS-CoV-2 viral mu-
tations, whereas human antibodies could not. Therefore, 
nanobodies could be promising innovative solutions to 
prevent COVID-19 mortality when vaccines are compro-
mised. Similar studies could be conducted to investigate 
the distinctive gut microbiome metabolites of reptiles for 
the benefit of Homo sapiens with in vivo work and clini-
cal trials in forthcoming stages. This is not as far-fetched 
as it seems, as evidenced by the discovery of the hyper-
tension drug Captopril from snake venom, as a successful 
example. Reptiles are known to be evolutionary success-
ful and diverse groups, and their gut microbiome is likely 

a precious and innovative resource for novel bioactive 
molecules of therapeutic potential. The underlying mech-
anisms between the gut microbiome and the immune sys-
tem may hold clues to develop new therapies for overall 
health, and possible extrapolation to exploit the reptiles 
ancient defence systems for the benefit of Homo sapiens.
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Food Safety and Standards Authority of India

(A statutory Authority established under the Food Safety and Standards Act, 2006)

(Quality Assurance Division)

FDA Bhawan, Kotla Road, New Delhi – 110002

__________________________________________________________

Dated 29th Nov, 2023

Subject: Direction to all notified laboratories to test banned pesticides in Tea.

1. In exercise of the powers conferred under Food Safety and Standards Act, 2006, FSSAI has

notified the FSS (Contaminants, Toxins and Residues) regulations, 2011, to facilitate testing

of food products to ascertain the safety of food products in India.

2. FSSAI on 19th March, 2018, published the Food Safety and Standards (Contaminants,

toxins and Residues) first Amendment Regulations, 2018, thereby banning the use of 20

pesticides (attached at Annexure-1) as per the Insecticides Act, 1968 (46 of 1968).

3. FSSAI after thorough deliberations with relevant stakeholders hereby, directs all the

laboratories notified under section 43 (1) and 43 (2) of Food Safety and Standards Act, 2006,

to test the 20 banned pesticides (attached at Annexure-1) in addition to all the pesticides

specified for Tea as per FSS (Contaminants, Toxins and Residues) regulations, 2011.

4.This issues with the approval of the competent authority.

(Dr. Satyen Kumar Panda)

Advisor QA

To,

All FSSAI Notified Laboratories under section 43(1) and 43(2) of FSS Act, 2006.

Copy to:

. Sr. PS to CEO, FSSAI

. CITO- to upload on FSSAI website

File No.QA/3/2021/FSSAI-Part(3) ANNEXURE R-1/327209



Annexure-1

Sl.No.Name of Banned Insecticide

1 Aldicarb (sum of Aldicarb its sulphoxide and sulphone)

2 Aldrin, Dieldrin

3 Chlordane (Total of α- and β-chlordane)

4 Heptachlor ( heptachlor metabolite, heptachlor epoxide)

5 Lindane (Gamma (γ) HCH), Alpha HCH, Beta HCH & delta-HCH)

6 Endosulfan (Total of alpha endosulfan & beta endosulfan and endosulfan sulphate)

7 Carbofuran

8 Methomyl

9 Phosphamidon

10 Captafol

11 Ferbam

12 Formothion

13 Simazine

14 Diazinon

15 D.D.T (Total of p,p’-DDT, o,p’-DDT, p,p’-DDE, o,p’-DDE, p,p’ -DDD and o,p’-DDE)

16 Fenitrothion

17 Fenthion (sum of fenthion, its oxygen analogue and their sulphoxides and Sulphones)

File No.QA/3/2021/FSSAI-Part(3) 28210



18 Methyl Parathion (Methyl Parathion and its oxygen analogue i.e. methyl paraoxon)

19 Ethyl Parathion (Ethyl Parathion and its oxygen analogue i.e. ethyl paraoxon)

20 Monocrotophos

Note : The Extraneous MRL of the above mentioned banned insecticides shall be 0.01

mg/kg except for DDT for which it shall be 0.05 mg/kg. ”

File No.QA/3/2021/FSSAI-Part(3) 29211
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 ABSTRACT 

The physicochemical qualities of the effluent samples of three Wastewater sites (Sazidehra site, 

Raipura site and Nayapura site) and one control site (Akelgarh site) in Kota district of Rajasthan, 

India were evaluated from three slots of time in the year i.e., September, December and March 

using standard methods. The physicochemical parameters assessed included color, odor, pH, 

temperature, total dissolved solid (TDS), turbidity (NTU), Biological Oxygen Demand (BOD), 

Chemical oxygen demand (COD), dissolved oxygen (DO) and Heavy metals. The results of the 

evaluation were as follows: temperature (28 ºC-36ºC), COD (17-92mg/L), and turbidity (1.96-

286 NTU), BOD (2-7mg/l), DO (1-7mg/l) and TDS (175-1890mg/l). The temperature, TDS, 

turbidity, COD, DO were not found to be in the recommended limits. Some of the parameters 

exceeded from their normal ranges and some found to be below the range that ensure the 

contaminants present in the water and considering the samples unhealthy for drinking and highly 

polluted. The Raipura site was found highly contaminated. The heavy metals were concentrated 

in the research area, which suggests that the river is severely polluted. Zinc (Zn) was found 

highly (267ppm) accumulated in the sewage water of Raipura site. We conclude that these 

sewage dumping areas of water sources are polluted to their respective receiving watersheds and 

threats to public and environmental health.  

Keywords: physicochemical, wastewater effluent, sewage treatment, pollution, BOD, COD 

Introduction 

Industries and Municipal corporations often discharge their treated effluents back to the 

environment, most especially in the surface water environments. Untreated or inadequately 

treated municipal sewage and waste discharges may contain public health compromising 

pathogens and hazardous elements (e.g., heavy metals) and the chemical substances that could 

lead to hostile environmental effects such as alterations of aquatic organism behaviors and 

structure, this kind of pollution resulted in reduction of diversity of life on earth, diminishing 

ANNEXURE R-1/430212



IJFANS International Journal of Food and Nutritional Sciences 

ISSN PRINT 2319 1775 Online 2320 7876 

Research paper             © 2012 IJFANS. All Rights Reserved,  UGC CARE Listed ( Group -I) Journal Volume 11,S Iss 3, Dec 2022 

4693 | P a g e  

 

the quality of recreational waters and shellfish harvesting zones, and polluting of water meant 

for consumption [1-2]. The heavy metals are produced from natural and anthropogenic sources 

and can build-up in sediments, having significant environmental implications for local 

communities, as well as for river water quality [3]. The water sources get contaminated by the 

flow of various industrial effluents into it, the ground waters are contaminated from landfill 

leachates, deep well liquid disposal, industrial wastes, etc. [4]. 

 
Apart from the adverse effect of these activities on the environment, the different levels of 

chemical and microbiological constituents in discharged wastewater effluent brought additional 

pressure to bear on the already stressed freshwater resources in many developing countries 

including India [5-6]. It has also been reported from several studies that the use of freshwater 

polluted by industrial and municipal effluents resulted negative impact on the irrigation of 

agricultural produce due to changes in the physicochemical properties of the watershed [7]. The 

toxic chemicals present in the contaminated water destroy the aquatic organisms, which in turn 

results in the disruption of the food chain and aquatic ecosystem [8]. Good quality surface water 

relies on various factors that includes the physicochemical parameters and the magnitude of the 

pollution load. The physicochemical characteristics of the water can reveal particular conditions 

for the ecology of aquatic organisms and suggest suitable conservation and management 

strategies [9-10]. Thus, industrialization has led to increased emission of pollutants into 

ecosystems. Therefore, this study has been carried out to assess a comparative study on physico-

chemical parameters between polluted and non-polluted sites of river Chambal. 

Materials and Methods 

I. Study Area Description  

The current research was directed in the largest state of India that is Rajasthan and 

particularly of the Kota district. Due to arid and semiarid climate and insufficient surface 

water resources, Rajasthan depends heavily on groundwater for drinking and for irrigation 

[11]. Availability of groundwater is deeper with high mineral concentrated chemicals 

which make the water unfit to drink. Sadly, the groundwater quality in most of the districts 

of Rajasthan is not bestowed to recommended standards. Kota is the biggest industrial city 

of Rajasthan state. It is well known for its major industrial network in and around the city. 

The Chambal River is the one and only perennial water from drinking and agricultural 

point of Region in Rajasthan. In addition, Chambal River is the fundamental resource of 

water necessary for various thermal, fertilizers, chemical and glass industries in Kota. 

Some of the well-known industries in Kota like Shri Ram Rayons, Shri Ram Fertilizers and 

Chemicals, Shri Ram Cement Works, Chambal Fertilizers and Chemicals Ltd., Kota 

Thermal Power Station, there are many other small and medium enterprises functioning in 

and around Kota which require a lot of water for their operation and maintenance [12]. 

Effluents from these industries contain N, P, K, heavy metals, organic and inorganic 

pollutants, and toxic colors. In Kota city, there are two water treatment plants in city, 
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named as Akelgarh (270 MLD) and Mini Akelgarh (Sakatpura, 130 MLD) distributing 

about 390 MLD water to the public. Due to water treatments, contaminants are less at this 

site. Therefore, this site has been used as a control in this study. On the other hand, 

domestic waste, and wastewater from Nayapura Naala directly dump into the Chambal 

River near Chambal Bridge on NH12. Sazidhera Naala is situated in the middle of the city 

hence, all domestic waste, wastewater, and small industries waste from this Naala decants 

into the Chambal River before Kota barrage.  

 

II. Water Sample Collection  

Different water specimens of polluted and non-polluted sites (below mentioned) of river 

Chambal were collected in pre-sterilized bottle and Zip-lock plastic bag respectively 

according to standard procedures from American Public Health Association [13]. Standard 

methods were applied to check all physicochemical parameters. 

 

III. Physicochemical Analysis  

Selected physicochemical parameters such as color, odor, pH, temperature, turbidity, TDS, 

BOD, COD in the water samples were analyzed according to APHA,1995 and Trivedi and 

Goel, 1986. The DO parameter was analyzed according to Romanian Standard (SR ISO 

5814,1990) [14-15]. 

IV. Heavy metals determination by AAS- Heavy metals are important for all living organisms 

in varying amounts, such as iron, copper, zinc, and cobalt, for proper growth. However, the 

excessive amount of these heavy metals can also produce toxic effects. Thus, the 

determination of the amounts of heavy metals is especially important where there is a risk of 

having anthropogenic influence on aquatic environment. Before analysis of heavy metals, 

water samples were filtered through Whatman filter paper no. 541 (Whatman, Germany) 

into 100 ml of prewashed plastic bottles and the analytical grade HCl was used to adjust 

water pH to 3.5. After that, the samples were kept in a room temperature until analysis. 

Cadmium (wavelength 228.8 nm), Chromium (wavelength 357.9 nm), Zinc (wavelength 

217 nm), and Lead (wavelength 283.3 nm) specific hollow cathode lamps were used to 

analyze the samples. The instrument has a minimum detection limit of 0.01 mg/l for Cd, 

0.10 mg/l for Cr, 0.03 mg/l for Zn, and 0.2 mg/l for Pb in the flame method. Samples were 

aspirated through nebulizer and the absorbance was measured with a blank as a reference. 

Calibration curve was obtained using standard samples (containing 0.5, 1.0, 1.5 and 2 mg/l 

for Cd, 0.5, 1.0, 2.0, and 3.0 mg/l for Cr, 0.2, 0.4, 0.8,1.0 and 2.0 mg/l for Zn, 1.0, 2.0, 4.0, 
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8.0 and 10.0 mg/l for Pb). The correlation coefficient was found for Cd 0.998, for Cr 0.999, 

for Zu 0.999, and for Pb 0.999. The sample was diluted many folds to keep the results in the 

analytical range. The heavy metals (Pb, Cd, Cr, and Zn) concentrations in all samples were 

determined by atomic absorption spectrophotometer (AAS) (Model AA-6800, Shimadzu 

Corporation, Japan) using an air-acetylene flame with digital read-out system [16, 17, 18]. 

 

V. Statistical Treatment of Data  

 

The data obtained were analyzed using descriptive statistical analysis at a 95% confidence 

interval. SPSS was used for the one-way analysis of variance (IBM SPSS version 20), mean, 

and range. t-Test was used to test variations among all possible pairs of treatments. 

Correlation was performed using the Pearson procedure of SPSS. 

 

Results and Discussion  

 

The results of the physicochemical qualities of the wastewater samples are presented in various 

Tables obtained from the data of various sites of testing.   

 

I. Analysis of Physicochemical parameters  

In the present investigation, water samples were collected from four sites (one was the control 

site) of the Kota district to determine various physiochemical parameters that were described as 

follows: 

At Akelgarh site, the observations were made on various parameters that was shown in Table-1. 

In the control site (Akelgarh), the parameters were obtained within or around the standard range 

depicting the pH range from 7.0-8.5 with no odour, Temperature from 28°C to 36°C, BOD 2-2.7 

mg/l whereas the content in COD was observed from 5-8.12mg/l. The level of DO was found 

5mg/l to 7mg/l. The quantity of TDS varied between 175 mg/l to 193 mg/l. The visualization in 

terms of turbidity varied from 1-4 in terms of NTU (Nephelometric Turbidity Unit). All 

parameters were showed variations according to the months.  At Sazidehra site, the pH range 

obtained was in between 7.7 to 8.7, temperature between 29°C to 34°C. The odour was pungent, 

the standard level of BOD was 1.5 mg/l, whereas in our study it was reported between 2.64 mg/l 

to 3.88 mg/l, due to effluent discharge on the site. 

33215



IJFANS International Journal of Food and Nutritional Sciences 

ISSN PRINT 2319 1775 Online 2320 7876 

Research paper             © 2012 IJFANS. All Rights Reserved,  UGC CARE Listed ( Group -I) Journal Volume 11,S Iss 3, Dec 2022 

4696 | P a g e  

 

 COD obtained was 39 mg/l to 50 mg/l (10 times increased from the standard range). The level 

of DO was found in range 3.03 mg/l to 4.62 mg/l. The quantity of TDS was found to be very far 

from the standard value in all three months and varied between 329 mg/l to 390 mg/l. Similarly, 

the visualization in terms of turbidly varied from 15-25 in terms of NTU which was very high 

from standard value and unacceptable (Table-2). At Raipura, pH range was observed in between 

7.7-8.4, temperature 29
°
C to 33

°
C. The odour was very pungent, BOD was recorded in range 

4.93 mg/l to 6.54 mg/l whereas, COD was observed from 77 mg/l to 99 mg/l which was very 

high as compared to standard values, resulting from the elevated organic discharge in water 

body. The level of DO was 1.28 mg/l to 2.70 mg/l and quantity of TDS varied between 530 mg/l 

to 1890 mg/l. The visualization in terms of turbidity varied from 122-286 in terms of NTU 

(Table-3). At Nayapura, site the variations were observed in all parameters in comparison to 

other sites. The pH ranges obtained were from 6.3 to 8.9. The temperature was found very high 

ranges from 21 to 38
°
C. The odour of Nayapura water sample was mild pungent odour. The level 

of BOD as comparison to standard was found high i.e., 4.10 mg/l to 5.75 mg/l whereas, the 

content in COD was observed between 27 mg/l to 55 mg/l. The level of DO was observed 

between 2.04 mg/l to 3.64 mg/l. The quantity of TDS varied between 355 mg/l to 390 mg/l. The 

visualization in terms of turbidly varied from 9.67-23 in terms of NTU (Table-4). 

Table-1: Periodic physiochemical parameters of water estimated at Akelgarh site 

AKELGARH 

S. 

No. 

Water 

Parameters 

Std. (IS-

10500) 
September December March 

   A1 A2 A3 A1 A2 A3 A1 A2 A3 

1. Colour Colourless 
Colourless 

2. Odour Odorless Odourless 

3. Temp (oC) 34 32±2.32 33±2.19 34±2.25 28±2.08 29±2.11 30±1.96 34±2.18 36±2.96 35±0.17 

4. pH 6.5-8.5 7.6±2.33 8.2±1.18 7.8±0.92 8.1±2.68 8.3±3.41 7.4±0.59 7.9±1.99 7.0±1.34 7.5±1.02 

5. BOD (mg/l) 1.5 2.1±0.11 2.5±0.35 2.6±0.05 2.2±0.94 2.4±0.08 2.3±0.004 2.0±0.10 2.7±0.56 2.6±0.41 

6. COD (mg/l) 4.0-6.0 5.3±0.89 5.0±1.92 6.2±1.09 6.9±2.11 6.4±1.32 8.6±1.15 9.10±0.86 9.53±2.94 10.12±1.02 

7. DO (mg/l) 4.0-6.0 5.9±0.08 6.0±1.19 6.2±2.06 6.7±1.58 6.5±1.91 6.2±2.33 6.9±3.1 7.0±2.81 6.8±0.88 
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A1, A2, A3-Three sites at Akelgarh 

Table-2 Periodic physicochemical parameters of water estimated at Sazidehra site 

SAZIDEHRA 

S. 

No. 

Water 

Parameter 

Std.  

(IS-10500) 
September December March 

   S1 S2 S3 S1 S2 S3 S1 S2 S3 

1. Colour Colourless Colorless 

2. Odour Odorless Pungent odour 

3. Temp (oC) 34 
30±1.3

1 
29±1.29 

32±1.3

4 
31±0.88 30±0.92 

33.11±0.

99 
30±1.29 31±1.27 34±1.22 

4. pH 6.5-8.5 
7.7±2.

38 

7.8±1.9

1 

8.0±3.3

5 
8.6±0.92 8.2±2.66 8.5±1.08 8.7±1.43 8.2±2.09 8.4±3.71 

5. BOD (mg/l) 1.5 
3.88 

±0.071 

3.81±0.

035 

3.69±0.

085 

2.91±0.9

8 

2.78±0.0

04 

2.64±0.1

8 

2.85±0.5

1 

2.81±0.0

09 
2.89±0.81 

6. COD (mg/l) 4.0-6.0 
50±2.2

7 
47±2.19 

48±2.2

2 
43±1.17 40±1.23 45±1.22 39±2.36 41±2.31 44±2.35 

7. DO (mg/l) 4.0-6.0 
4.62±0

.08 

4.40±0.

67 

4.57±1.

07 

3.03±0.3

6 

3.61±0.7

1 

3.29±1.8

3 

3.14±1.2

5 

3.22±0.9

9 
3.07±0.13 

8. TDS (mg/l) 500-2000 
390±4.

23 

383±3.8

7 

373±2.

82 

341±3.0

5 

355±1.4

6 
339±3.49 329±0.91 335±1.81 343±4.23 

9. 
Turbidity 

(NTU) 
1.0-5.0 

21±0.6

6 
25±1.23 

23±0.8

9 
15±0.54 18±0.77 20±0.39 21±1.2 23±0.79 22±1.69 

S1, S2, S3- Three sites at Sazidehra 

Table-3 Periodic physicochemical parameters of water estimated at Raipura site 

8. TDS (mg/l) 500-2000 176±1.43 183±1.56 179±1.26 181±2.28 186±2.13 188±2.25 175±1.02 191±1.11 193±1.13 

9. 
Turbidity 

(NTU) 
1.0-5.0 2 ±0.29 1±0.5 1.9±0.09 2.1±0.04 4.1±0.11 3.3±0.21 4±0.81 3±0.55 1.8±0.49 

RAIPURA 

S. 

No. 

Water 

Parameter 

Std.  

(IS-10500) 
September December March 

   R1 R2 R3 R1 R2 R3 R1 R2 R3 

1. Colour 
Un 

objectionable 

Light 

white/ 

Milky 

Milky 
Milky 

 

Light 

white / 

Milky 

Milky 

Light 

white/ 

Milky 

Milky 

Light 

white/ 

Milky 

Light 

white/ 

Milky 

2. Odour 
 Very Pungent odour 

3. Temp (oC) 34 
32±1.88 33±1.91 32±0.90 30±1.78 29± 1.15 29±1.46 33±2.95 31±2.02 31±3.83 

4. pH 6.5-8.5 
8.4±0.56 8.0±1.12 8.1±0.74 7.9±2.18 7.7±1.59 7.9±0.88 7.8±3.19 8.0±3.88 7.9±0.91 

4. 
BOD 

(mg/l) 
1.5 

6.32±1.8 6.21±0.05 6.54±1.26 5.7±2.81 5.31±2.07 5.79±3.19 5.19±0.009 5.04±1.47 4.93±0.68 
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R1, R2, R3- Three sites at Raipura 

 

Table-4 Periodic physicochemical parameters of water estimated at Nayapura site. 

NAYAPURA 

S. 

No. 
Water 

Parameter 

Std. 

(IS-10500) 
September December March 

   N1 N2 N3 N1 N2 N3 N1 N2 N3 

1. Colour 

Un 

Objectionable 
Colorless 

2. Odour 
 Mild Pungent odour 

3. Temp (oC) 34 
23±0.88 21±1.62 25±0.19 24±2.89 26±0.70 22±0.58 38±1.19 37±1.61 35±3.00 

4. pH 6.5-8.5 
7.1±1.93 7.8±2.29 6.3±1.18 8.6±3.08 6.6±0.92 8.2±0.63 7.0±1.44 8.9±1.02 6.8±2.59 

5. 
BOD 

(mg/l) 
1.5 

 

5.71±0.012 
5.67±0.99 5.75±1.27 4.90±1.83 4.85±0.19 4.69±0.59 4.32±2.12 4.36±0.05 4.10±0.093 

6. 
COD 

(mg/l) 
4.0-6.0 

36±1.10 31±1.23 27±1.19 35±1.07 38±0.29 38±1.72 55±2.06 53±2.31 55±2.85 

7. DO (mg/l) 4.0-6.0 
3.64±0.08 3.52±0.13 3.41±1.06 2.90±1.36 2.61±1.71 2.72±0.87 2.19±0.54 2.24±0.09 2.04±0.12 

8. 
TDS 

(mg/l) 
500-2000 

345±3.88 378±3.14 367±4.46 360±3.75 355±3.46 359±2.49 387±2.91 380±1.81 390±4.23 

9. 
Turbidity 

(NTU) 
1.0-5.0 

11±3.09 9.67±2.49 12±0.13 15±0.54 18±0.77 20±0.39 21±1.20 23±1.79 22±1.09 

N1, N2, N3- Three sites at Nayapura 

The temperature profile generally varies significantly (P<0.05). The temperature complied with 

set limits for discharged effluent for most of the sampling period due to the prevailing 

atmospheric conditions. High temperature may produce softening of bituminous joints and 

increase odour as a result of anaerobic reaction and can be deteropans to the pipe material itself 

[19], the temperature of the effluents may pose a threat to the aqua-based organisms. The pH 

values as observed in this study fell within the guideline limit for discharged effluents into a 

receiving waterbody, although there were variations at all the treatment plants in January and 

February, which may be due to increases in temperature during the summer season. The pH of 

the water is known to affect the availability of micronutrients as well as trace and heavy metals. 

5. 
COD 

(mg/l) 
4.0-6.0 

88 ±1.56 90±1.61 86±1.48 87±1.52 91.50±1.35 85±1.43 77±0.35 79±2.44 81±3.46 

6. DO (mg/l) 4.0-6.0 
2.85±0.05 2.70±0.09 2.21±0.41 1.08±0.03 1.51±0.50 1.59±0.39 1.28±0.01 1.31±0.53 1.45±0.004 

7. 
TDS 

(mg/l) 
500-2000 

887 ±4.33 1141±2.08 1890±4.01 750±2.21 1784±1.83 1604±4.77 530±3.41 618±1.9 1401±3.67 

8. 
Turbidity 

(NTU) 
1.0-5.0 

179 ±2.18 325±1.10 156±0.27 122±2.13 205±1.53 201±3.05 286±1.03 180±0.85 145±0.19 
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The pH level of water defines its utility for a different purpose. It has been established that pH is 

a vital characteristic in assessing the acid-base level of water. Low or high pH has a toxic effect 

on aquatic life and alters the solubility of other chemical pollutants as well other important 

elements in surface water. This may lead to adverse effects on those that depend on it for various 

uses and also the ecosystem [20]. This suggests that there could be other unidentified 

contaminants gaining access to the watershed.  

A high concentration of TDS could be lethal to aquatic organisms, leading to osmotic shock 

thereby, affecting the osmoregulatory strength of the organism [21]. The concentrations of TDS 

in irrigation water hinder plant growth, crop yield, and quality of product [22]. The TDS values 

obtained in this study are similar to those reported previously by [23]. DO is used to determine 

the level of pollution by organic matter and the demolition of organic substance, as well as the 

self-purification strength of water bodies. DO is a guide of physical and biological process in 

water. The acceptable standard for drink purposes is 6 mg/L and for aquatic organisms is 4-5 

mg/L. DO in concentration in unpolluted water normally ranges from 8-10 mg/L [24]. Low DO 

in water disturbs the existence of fish by increasing their susceptibility to disease, migration, and 

reproductive behavior, hindering swimming capacity, fluctuating feed, and leading to death of 

aquatic life [25]. Inorganic compounds such as ammonia nitrites, hydrogen sulphates, 

and Ferro ions also tend to decrease the oxygen in water. Biochemical oxygen demand is 

described as the amount of oxygen required to break down organic substances in water while 

COD is the amount of strong oxidant required to break down both organic and inorganic matters 

[26].  BOD in the aquatic system is caused by high levels of organic matters such as leaves and 

dead plants, animals, industrial effluents, wastewater treatment plants, food processing plants, 

woody debris, animal manure, and urban storm water runoff. High levels of BOD can be traced 

to heavy discharge of industrial effluents, domestic sewage, crops, and animal waste [27]. High 

levels of COD in water may point to poor water standards caused by municipal or farmed 

effluent discharges [28], which may in turn result in higher oxygen depletion that affects aquatic 

organisms [29]. The observation from this study agrees with Salem et al., [30] for COD and 

BOD at the receiving watershed. Studies have shown that too much turbidity in water can lead to 

interference with some treatment steps at some stages, such as coagulation and separation solids 

of the water treatment techniques, which may increase treatment cost, and when extremely turbid 

water is chlorinated, there is a possibility for a rise in trihalomethane (THM) precursor formation 

[24]. Pipraiya et al. (2017) [31] reported the similar physicochemical parameters of Chambal 

River water at three locations that were chosen for sampling in his studies: Kota (Rajasthan), 

Dhoulpur (Rajasthan), and the boundary between Bhind and Etawa throughout the winter and 

summer seasons (2014-15). They concluded that at a chosen sampling station in Kota, several 

factors, including DO, call for close attention. The quality of the wastewater that industries at 

station Kota discharge needs to be strictly monitored. Gupta et al. (2011) [32] investigated the 

physicochemical assessment of the Chambal River's water quality in the Kota city area of 

Rajasthan state (India). They discovered that the average water quality parameter over the course 

of three years (2007–2009) was pH 7.5-8.25, turbidity 3.9–8.2 NTU, total alkalinity 112-148 

mg/l, total dissolved solids (TDS) 180–219 mg/l, and total hardness 132-146 mg/l, DO (4.3–6.1 

mg/l), COD (7.40–38.80 mg/l), and BOD (1.20–12.20 mg/l). They concluded that the river near 

Kota is moderately polluted as evidenced by the increasing levels of ammonia, BOD, COD, and 

low DO. Reddy and Baghel (2010) [33] investigated the effects of effluent from the chemical 

and textile industries on the physicochemical properties of the Chambal River. For each of the 
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three seasons, water samples were taken quarterly. In accordance with the locations of the 

noteworthy industrial discharges into the river, five sampling stations were picked by them along 

the course of the river. The pH, BOD, and COD values slightly increased as a result of the 

effluent released into stations 2, 3, and 4. The findings of the t-test showed that there were 

significant differences in turbidity, TDS, TSS, electrical conductivity, DO, chloride, sulphate, 

and hardness between the several sites analyzed. With the exception of TDS, which varied 

dramatically among sampling times, season had no impact on many of these metrics. Ansari and 

Sharma, 2019 [34] periodically investigated the physicochemical parameters and heavy metals 

(Cd, Cr, Zn, Pb) of wastewater collected from three contaminated sites (Raipura, Sazidehra and 

Akelgarh) of river Chambal. The conventional techniques were used to analyze these 

physiochemical characteristics in our current study. Temperature ranged from 28 ºC to 36, and 

the pH of the soil and wastewater was found to be alkaline. It was discovered that the Raipura 

site was more contaminated, whereas the sites in Sazidehra had the highest OC content. The 

permitted limit established by the World Health Organization and the United States 

Environmental Protection Agency was exceeded by the studied physicochemical characteristics. 

 

II. Analysis for the presence of heavy metals 

Due to unplanned industrial growth, and accumulation of sewage waste without sufficient treatment, and 

other factors, some portions of the river Chambal are severely poisoned. One of the main contributors to 

water pollution is the environmental contamination caused by industrial waste. A variety of chemicals 

(Heavy metals), pathogens, and physical and sensory alterations like high temperature and discoloration 

were the specific contaminants that cause water pollution [11]. 

The phrase "heavy metals" refers to a set of metals and metalloids whose atomic density is found to be 

greater than 4 g/cm and 3 or 5 times or more, than that of water [35]. Fish and other aquatic organisms 

could be at risk from heavy metal contamination of aquatic ecosystems. Metals are known to affect a 

number of physiological and biochemical processes important for fish metabolism. From the perspective 

of water contamination, the most significant heavy metals needed to be studied; Zn, As, Cu, Pb, Cd, Hg, 

Ni, and Cr. Some of these metals, like Cu, Fe, Mn, Ni, and Zn, needed as nutrients in minute amounts by 

plants and microbes, but at higher concentrations, they become hazardous [36-37]. In the present study, 

the presence of heavy metals (Pb, Cd, Zn, and Cr) was screened in water samples collected from all four 

collection sites using AAS with seasonal effects.  

At Akelgarh site (Control), The amount of Pb was found maximum in March months (0.548ppm), and Cd 

was found to be maximum in September (0.688ppm), Zn in December (208ppm) while Cr in March 

(1.256 ppm). At Sazidehra site, the amount of Pb was resulted maximum in September (3.227ppm), 

similarly Cd was found to be maximum in September (0.194ppm). Zn was found to be maximum in 

December (225ppm) while Cr in September (1.631 ppm). At Raipura site, the amount of Pb was observed 

maximum in September (4.321ppm), similarly Cd was found to be maximum in September (0.778ppm). 

Zn was found to be maximum in December (267.97ppm) while Cr was maximum in September (6.484 

ppm). 3/4 heavy metals resulted to be maximum in the month of September. At Nayapura site, the amount 

of Pb was maximum in September (0.496 ppm), and the amount of Cd (0.073 ppm), similarly the amount 

of Zn was found highest in December (202.02ppm) and Cr in March (1.01ppm). 
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Table-5 Mean concentration of heavy metals in different water sample (all data in ppm) 

Water sample Pb* Cd* Zn* Cr* 

Standard 0.05 0.005 5.0 0.05 

Akelgarh-1(Sep) 0.511±0.06 0.688±0.08 200.211±2.26 1.118±0.12 

Akelgarh-II(Dec.) 0.297±0.04 0.039±0.007 208.347±2.24 0.334±0.05 

Akelgarh-III(March) 0.548±0.08 0.299±0.04 198.577±1.89 1.256±0.2 

Sazidehra I(Sep) 3.227±0.21 0.194±0.02 202.113±1.91 1.631±0.31 

Sazidehra II(Dec.) 0.278±0.02 0.027±0.004 225.512±2.45 0.338±0.05 

Sazidehra III(March) 1.528±0.112 0.089±0.01 212.405±2.31 0.798±0.09 

Raipura I(Sep) 4.321±0.25 0.778±0.09 197.023±1.78 6.484±0.88 

Raipura II(Dec.) 2.128±0.119 0.036±0.007 267.976±2.58 1.814±0.34 

Raipura III(Mar) 3.825±0.23 0.468±0.06 207.088±2.22 4.358±0.42 

Nayapura I(Sep) 0.496±0.02 0.052±0.01 194.623±1.34 0.641±0.08 

Nayapura II(Dec) 0.441±0.04 0.073±0.03 202.02±1.45 1.002±0.01 

Nayapura III(Mar) 0.395±0.02 0.033±0.002 187.924±2.98 1.01±0.060 

WHO maximum permissible (mg/l) limit 2008 [38] 

Ansari and Sharma, 2019 [34] periodically investigated the physicochemical parameters and 

heavy metals (Cd, Cr, Zn, Pb) of wastewater collected from three contaminated sites (Raipura, 

Sazidehra and Akelgarh) of river Chambal. The maximum concentration of heavy metals was at 

Raipura sites (Pb, Cd, Cr, Zn). In the summers of 2019-21[39], samples were taken from various 

polluted industry sites along the Jojari River. Dubey (2021) [39] studied the levels of heavy 

metals in the Ganga's water and sediments. Iron (Fe), Chromium (Cr), Lead (Pb), Nickel (Ni), 

and Zinc (Zn) were measured in water and sediment samples, taken from various places (Zn). 

These heavy metals were concentrated in the research area, which suggests that the river is 

severely polluted. This point indicates natural and anthropogenic sources, were among the many 

potential sources of these heavy metal contaminants. When compared to national and 

international organizations like the WHO and USEPA, the quantities found were higher and 

above the maximum permissible and recommended limit. 

The status of heavy metal contamination and health concerns related to the usage of water from 

the river Gomti by millions of people were evaluated by Khan et al. in 2021 [40]. The degree of 

contamination (Cd) value was determined to be high, indicating "high" danger levels as a result 

of heavy metal contamination in the river Gomti. Singh and Sao (2015) [41] assessed the Hasdeo 
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river's water quality in sarvamangla nagar, Korba (Chhattisgarh). They assessed the water quality 

parameters (temperature, pH, DO, BOD, COD, and level of heavy metal contaminants) to 

determine the pollution level. Heavy metal pollution was seen by them in the following order: 

Fe>Pb>Cd>Zn. Although, in our study Zn was found in higher concentration (Table-5). 

 

Conclusions 

 

The current study assessed the water quality of wastewater disposal sites and the characterization 

of various physicochemical parameters. The results showed compliance of effluent quality for 

some parameters while a few among others did not comply with set limits for most of the 

sampling period. The Raipura site was found highly contaminated. The heavy metals were 

concentrated in the research area, which suggests that the river is severely polluted. Zinc (Zn) 

was found highly accumulated in the sewage water of Raipura site. This study revealed a general 

deterioration in the physicochemical qualities of the discharged wastewater effluents as well as 

the receiving watershed and suggests the inefficiency of the treatment works at producing 

effluents of acceptable quality together with its attendant environmental health challenges. The 

findings underscore the need for continuous pollution monitoring and intervention strategies to 

curb indiscriminate pollution of environments by the continuous release of inadequately treated 

effluents in Kota city of Rajasthan, India, and many other developing countries in order to 

forestall public health concerns associated with environmental pollution. 

 

Acknowledgements 

The authors are thankful to Department of Botany, MBPG College, University of Kota, Kota for 

the overall support. 

 

References 
 

[1]. Fatta-Kassinos, D., Kalavrouziotis, I.K., Koukoulakis, P.H. and Vasquez, M.I., 2011. The 

risks associated with wastewater reuse and xenobiotics in the agroecological 

environment. Science of the Total Environment, 409(19), pp.3555-3563. 

[2]. Teklehaimanot, G.Z., Genthe, B., Kamika, I. and Momba, M.N.B., 2015. Prevalence of 

enteropathogenic bacteria in treated effluents and receiving water bodies and their potential 

health risks. Science of the Total Environment, 518, pp.441-449. 

[3]. Demirak, A., Yilmaz, F., Tuna, A.L. and Ozdemir, N., 2006. Heavy metals in water, 

sediment and tissues of Leuciscus cephalus from a stream in southwestern 

Turkey. Chemosphere, 63(9), pp.1451-1458. 

[4]. Oyeku, O.T. and Eludoyin, A.O., 2010. Heavy metal contamination of groundwater 

resources in a Nigerian urban settlement. African Journal of Environmental Science and 

Technology, 4(4). 

40222



IJFANS International Journal of Food and Nutritional Sciences 

ISSN PRINT 2319 1775 Online 2320 7876 

Research paper             © 2012 IJFANS. All Rights Reserved,  UGC CARE Listed ( Group -I) Journal Volume 11,S Iss 3, Dec 2022 

4703 | P a g e  

 

[5]. Naidoo, S. and Olaniran, A.O., 2014. Treated wastewater effluent as a source of microbial 

pollution of surface water resources. International journal of environmental research and 

public health, 11(1), pp.249-270. 

[6]. Raji, M.I.O., Ibrahim, Y.K.E., Tytler, B.A. and Ehinmidu, J.O., 2015. Physicochemical 

characteristics of water samples collected from River Sokoto, Northwestern 

Nigeria. Atmospheric and climate sciences, 5(03), p.194. 

[7].  Rani, D. and Moreira, M.M., 2010. Simulation–optimization modeling: a survey and 

potential application in reservoir systems operation. Water resources management, 24, 

pp.1107-1138. 

[8]. Pallen, D., 1997. Environmental sourcebook for micro-finance institutions. Canadian 

International Development Agency, Asia Branch. 

[9]. Abdel-Raouf, N., Al-Homaidan, A.A. and Ibraheem, I., 2012. Microalgae and wastewater 

treatment. Saudi journal of biological sciences, 19(3), pp.257-275. 

[10]. Mbalassa, M., Bagalwa, J.J.M., Nshombo, M. and Kateyo, M.E., 2014. Assessment of 

physicochemical parameters in relation with fish ecology in Ishasha River and Lake 

Edward, Albertine Rift Valley, East Africa. International Journal of Current Microbiology 

and Applied Sciences, 3(6), pp.230-244. 

[11]. Jain, A. and Singh, S.K., 2014. Prevalence of fluoride in ground water in Rajasthan state: 

Extent, contamination levels and mitigation. Scientific Online, July. 

[12]. Meena, V.K. and Choudhary, M.P., 2019 Analysis of municipal wastewater tre water in 

river Chambal. 

[13]. Trivedi, R.K., Khatavkar, S.B. and Goel, P.K., 1986. Characterization, treatment, and 

disposal of wastewater in a textile industry. Ind. Poll. Cont, 2(1), pp.1-12. 

[14]. Strickland, J.D.H. and Parsons, T.R., 1972. A practical handbook of seawater analysis. 

[15]. Saxena, P., Whang, I., Lee, J., Voziyanov, Y., Mendoza, V. and Jayaram, M., 1994. Role 

of tyrosine phosphorylation-dephosphorylation in copy number control of the yeast plasmid 

2-micron circle. Cellular & Molecular Biology Research, 40(3), pp.215-222. 

[16]. Kenawy, I.M.M., Hafez, M.A.H., Akl, M.A. and Lashein, R.R., 2000. Determination by 

AAS of some trace heavy metal ions in some natural and biological samples after their 

preconcentration using newly chemically modified chloromethylated polystyrene-PAN ion-

exchanger. Analytical sciences, 16(5), pp.493-500. 

[17]. Loska, K. and Wiechuła, D., 2003. Application of principal component analysis for the 
estimation of source of heavy metal contamination in surface sediments from the Rybnik 

Reservoir. Chemosphere, 51(8), pp.723-733. 

[18]. Tapia, J., Vargas-Chacoff, L., Bertrán, C., Peña-Cortés, F., Hauenstein, E., Schlatter, R., 

Jiménez, C. and Tapia, C., 2012. Heavy metals in the liver and muscle of Micropogonias 

manni fish from Budi Lake, Araucania Region, Chile: potential risk for 

humans. Environmental monitoring and assessment, 184, pp.3141-3151. 

41223



IJFANS International Journal of Food and Nutritional Sciences 

ISSN PRINT 2319 1775 Online 2320 7876 

Research paper             © 2012 IJFANS. All Rights Reserved,  UGC CARE Listed ( Group -I) Journal Volume 11,S Iss 3, Dec 2022 

4704 | P a g e  

 

[19]. Singh, G., Joyce, E.M., Beddow, J. and Mason, T.J., 2012. Evaluation of antibacterial 

activity of ZnO nanoparticles coated sonochemically onto textile fabrics. Journal of 

microbiology, biotechnology, and food sciences, 2(1), pp.106-120. 

[20]. Haigh, E.H., Fox, H. and Davies-Coleman, H., 2010. Framework for local government to 

implement integrated water resource management linked to water service delivery. Water 

SA, 36(4). 

[21]. Odjadjare, E.E. and Okoh, A.I., 2010. Physicochemical quality of an urban municipal 

wastewater effluent and its impact on the receiving environment. Environmental monitoring 

and assessment, 170(1-4), pp.383-394. 

[22]. Agoro, M.A., Okoh, O.O., Adefisoye, M.A. and Okoh, A.I., 2018. Physicochemical 

properties of wastewater in three typical South African sewage works. Polish Journal of 

Environmental Studies, 27(2), pp.491-499. 

[23]. Odjadjare, E.E.O., Igbinosa, E.O. and Okoh, A.I., 2011. Microbial and physicochemical 

quality of an urban reclaimed wastewater used for irrigation and aquaculture in South 

Africa. African Journal of Microbiology Research, 5(15), pp.2179-2186. 

[24]. Osode, A.N. and Okoh, A.I., 2009. Impact of discharged wastewater final effluent on the 

physicochemical qualities of a receiving watershed in a suburban community of the Eastern 

Cape Province. Clean–Soil, Air, Water, 37(12), pp.938-944. 

[25]. Payment, P., Plante, R. and Cejka, P., 2001. Removal of indicator bacteria, human enteric 

viruses, Giardia cysts, and Cryptosporidium oocysts at a large wastewater primary treatment 

facility. Canadian journal of microbiology, 47(3), pp.188-193. 

[26]. Chigor, V.N., Sibanda, T. and Okoh, A.I., 2013. Variations in the physicochemical 

characteristics of the Buffalo River in the Eastern Cape Province of South 

Africa. Environmental monitoring and assessment, 185, pp.8733-8747. 

[27]. Fatoki, O.S., Gogwana, P. and Ogunfowokan, A.O., 2003. Pollution assessment in the 

Keiskamma River and in the impoundment downstream. Water SA, 29(2), pp.183-188. 

[28]. Anderson, C.N. and Grether, G.F., 2010. Interspecific aggression and character 

displacement of competitor recognition in Hetaerina damselflies. Proceedings of the Royal 

Society B: Biological Sciences, 277(1681), pp.549-555. 

[29]. Salequzzaman, M., Islam, S.T., Tasnuva, A., Kashem, M.A., and Masud, M.M.A., 2008. 

Environmental impact of sugar industry a case study on Kushtia sugar mills in 

Bangladesh. J Innov Dev Strat, 2(3), p.31. 

[30]. Salem, I.B., Ouardani, I., Hassine, M. and Aouni, M., 2011. Bacteriological and physico-

chemical assessment of wastewater in different region of Tunisia: impact on human 

health. BMC research notes, 4(1), pp.1-11. 

[31]. Pipraiya, A., Vishwakarma, R.K. and Tiwari, S., 2017. Effect of nearby cities on water 

quality of Chambal River. Int J Adv Eng Res Dev, 4, pp.438-443. 

42224



IJFANS International Journal of Food and Nutritional Sciences 

ISSN PRINT 2319 1775 Online 2320 7876 

Research paper             © 2012 IJFANS. All Rights Reserved,  UGC CARE Listed ( Group -I) Journal Volume 11,S Iss 3, Dec 2022 

4705 | P a g e  

 

[32]. Gupta, N., Nafees, S.M., Jain, M.K. and Kalpana, S., 2011. Physico-chemical assessment 

of water quality of river Chambal in Kota city area of Rajasthan state (India). Rasayan 

Journal of Chemistry, 4(2), pp.686-692. 

[33]. Reddy, P.B. and Baghel, B.S., 2010. Impact of Industrial Wastewaters on the 

Physicochemical Characteristics of Chambal River at Nagda, M. P., India. Nature, 

Environment and Pollution Technology, 9(3), pp.519-526. 

[34]. Ansari, Z.A. and Sharma, P., 2017. A review on phytoremediation by alternanthera 

philoxeroides. In International Conference on Innovative Research in Science, Technology 

and Management. Modi Institute of Management and Technology, Dabari, Khota, 

Rajasthan (pp. 978-983). 

[35]. Mir, M.A., Arya, S. and Kak, A.M., 2020. Health Risk assessment of Heavy Metals for 

population via consumption of Pulses and Cereals. 

[36]. Srivatava, N.K. and Prakash, S., 2019. Effect of Zinc on the Histopathology of Gill, Liver 

and Kidney of Fresh Water Catfish, Clarias batrachus (Linn.). International Journal of 

Biological Innovations, 1(1), pp.8-13. 

[37]. Prakash, S. and Verma, A.K., 2019. Acute toxicity and Behavioural responses in Arsenic 

exposed Mystus vittatus (Bloch). International Journal on Agricultural Sciences, 10(1), 

pp.1-3. 

[38]. World Health Organization, 2008. Guidelines for drinking-water quality: second 

addendum. Vol. 1, Recommendations. World Health Organization. 

[39]. Dubey, I., 2021. STUDY ON THE TOXIC EFFECTS OF HEAVY METALS IN 

SEDIMENTS AND WATER OF RIVER GANGA. 

[40]. Khan, R., Saxena, A., Shukla, S., Sekar, S., Senapathi, V. and Wu, J., 2021. 

Environmental contamination by heavy metals and associated human health risk assessment: 

a case study of surface water in Gomti River Basin, India. Environmental Science and 

Pollution Research, 28(40), pp.56105-56116. 

[41]. Singh, R. and Sao, S., 2015. Evaluation of water quality by physicochemical parameters, 

heavy metal, and use of metal resistant property of bacteria for bioremediation of heavy 

metals. World Journal of Environmental Pollution, 5(2), pp.23-28. 

 

 

 

43225



ANNEXURE R-1/5

44226



ANNEXURE R-1/6
45227



46228



47229



48230



1

ANNEXURE R-1/749231



50232



-
SR NO. 

List of Traoned Drains 
Location 

1 BAIRRAGE COLONY NALLA 
2 KOTA BAIRRAGE-2 
3 KUNHARI NALLA 
4 GANESH MANDIR 
5 BED COLLEGE 
6 LALTEK-1 
7 LALTEK-2 
8 MAHADEV MANDIR-1 

9 MAHADEV MANDIR-2 . 

10 MASJID 

1 1 CHOTH MATA MANDIR-1 

12 CHOTH MATA MANDIR-2 

13 COMPLEX NEAR MATAJI MANDIR 

14 NEAR WINE SHOP 

15 NEAR SCHOOL 

16 COMPLEX NEAR SHAMSHAN 

17 NEAR WATER TANK 

18 BEHIND SHAMSHAN 

19 FISH MARKET 

20 SAKATPURA NALLA 

21 VMC OFFICE 
I 22 BARGED TREE 

23 LED GARDEN 

24 FISH MARKET 

25 CHOTH MATA MANDIR-3 

26 BALIT A NALLA 

27 JHARNE KE BALAJI 

28 VYAMSHALA 

29 BHATT JI GHAT 

30 MASJID-2 

31 MASJID-3 

32 DARGAH 

33 CHASME Kl BAWADI 

34 HARIJAN BASTI 

35 CHOTI SAMAD 

36 COMPLEX 
----·--

37 FATEHGARl-1 

38 FATEHGARl-2 

- BHUTESWAR 
39 

40 SAHITYA CHOWK-1 

41 SAHITYA CHOWK-2 

51233



42 LAL JI GHAT NALLA 
43 BAWADI 
44 DWARIKADISH -
45 BALBULIYA GHAT 
46 KABRISTAN 
47 RAMPURA SHAMSHAN 

48 CHOTI SAMAD 2 

49 KHAI ROAD 

50 KARBALLA NALLA 

51 MUKTI MARG NAYAPURA NALLA 

52 RAJBHAWAN ROAD 

53 . GAWDI/CIVIL LINES 

54 NANDA JI Kl BADI 

55 GHUMCHAKKAR NALLA 

56 CHANDMARI KE BALAJI NALLA 
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