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Director’s Column

Since the second quarter of 2021, the intensity of the COVID-19 increased and the second wave had
struck the country which was spreading rapidly and has severely affected the countrymen.
Compared to the first wave, the second wave has created more havoc. Many people lost their lives
and livelihood during the second wave, fishers were also not the exception. The institute tried its best
. to help the fishers. The scientists guided them with the scientific management practices of wetlands
and reservoirs and built their capacity. Fisheries inputs were provided under SCSP, STC
programmes. Our activities under STC and SCSP were much appreciated by the council and other
stakeholders.

We have successfully organized stakeholders meet under ICAR-World Fish and under GIZ sponsored project in the
Pong dam. Workshops on business plan for fishery FPC and on Hirakud reservoir were also organized. The regular
meetings like, IMC, RAC, IRC were organized on time. Even in this pandemic time the institute could conduct 4
demonstration programmes in different corners of the country and six ranching programmes in Ganga River. We have
also organized 15 training programmes for the fishers/fish farmers, students, participated in two exhibitions. We have
signed MoUs with three Universities for academic and research collaborations. Besides, several mass awareness camps
were conducted. We are thankful to the Hon'ble Union Minister, Dr. Sanjeev Balyan and Dr. J. K. Jena (DDG. Fisheries
Sc.) and Dr. P. Putra (ADG, Marine Fisheries) for visiting the institute and oversaw our activities.

During the period, nine of our staff got promoted. Many staff got awards/recognitions and brought laurels to the
institute. I congratulate all of them. Six of our staff got superannuated. I acknowledge their contributions in growth of
the institute and wish them very healthy and happy retired life.

WY -
Barrackpore, (— Eh}f""!
August 2021 Dr. B. K. Das
Director
About ICAR-CIFRI Started as Central Inland Fisheries Research Station in March, 1947 at

Barrackpore, West Bengal, ICAR-CIFRI has carved a niche in inland fisheries
research. Induced fish breeding, composite fish culture and other scientific fish
production practices developed during the sixties by the Institute helped in
bringing the blue revolution in the country. Reservoirs and wetland fisheries
management technologies developed and disseminated by the institute resulted in
enhanced fish production from these resources. By the turn of the year 2000, the
research and development agenda of the Institute concerning inland open waters
shifted from fish as the only benefit to ecosystem health and ecological benefits
with emphasis on sustainability, livelihood and nutritional security. In addition to
the Headquarters at Barrackpore and two Research Stations at Kolkata and Kochi,
CIFRI has four Regional Research Centres at Allahabad, Guwahati, Bengaluru
and Vadodara, through which the issues of inland open water fisheries are being

addressed.
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The Institute celebrated 75" (Platinum Jubilee) Foundation Day on 17" March 2021 at Institute headquarters, Barrackpore offline,
as well as on online platform. Dr. B. K. Das, Director, in his address, stressed that in 75 years of its existence, Institute has generated
very useful inland fishery technologies like, induced breeding, fish seed production, composite fish culture, fish seed prospecting
and spawn collection in rivers, reservoir and floodplain wetland fisheries management and in-sifu fish seed production in cage and
pen. The institute has also developed guidelines for sustainable management of inland fisheries. Swami Viswamayananda Ji,
Secretary, Rama Krishna Mission Ashram, Sargachi, Murshidabad was the Chief Guest, who appreciated the work of ICAR-
CIFRI during the pandemic period. He emphasised that innovation and invention should reach each and every door of common
people. Dr. J. K. Jena, Deputy Director General (Fisheries Science), [CAR, addressed the audience online. Dr. B. S. Mahapatra,
Vice Chancellor, BCKV; Dr. D. S. Shakyawar, Director, ICAR-NINFET, Dr. Gauranga Kar, Director, [CAR-CRIJAF, Dr. V. V.
Sugunan, FAO consultant and Former ADG, (Inland Fisheries) were also present on the occasion. Publications, viz. 'ICAR-CIFRI
Stride with Time','Common plankton of river Ganga', 'Strategic plan for inland open water fisheries development under PMMSY",
'"Antarsthaliya matsyiki samvardhan ebam sanrakshan' and Hindi folders on 'Fisheries development in wetlands of Bihar'.
Appreciation certificates were given to meritorious students of the staff. Institutional awards for best scientist, technical,
administrative, supporting staff, and research scholar for the year 2020-2021 were also given. The inaugural ceremony was
culminated with ranching of 20,000 advance fingerlings of indigenous fishes in River Ganga by the dignitaries at Barrackpore
ghat. Farmers-Scientists interaction session was organized on this occasion, where more than 150 fishers participated. A grand
cultural evening was organized by the staff.

Fishers-scientist interaction Clean Ganga pledge Cultural programme

\




cm
IFIRINEW p—

(January - June 2021) g s 00
o ISSN - 0972-0774 JQ%»

Research Highlights
Mass bathing during Magh Mela deteriorated water quality of River Ganga

Magh Mela is a grand festival at the Triveni (Sangam) of ==
Prayagraj. Millions of Hindu pilgrims witness the instances of the
festival with a holy bath at Sangam. With the aim of assessing the
impact of mass bathing during the Magh Mela 2021 on water
quality, the ICAR-CIFRI, Prayagraj centre conducted sampling at
the three very popular ghats namely: Shankerghat, Sangam and
Chatnag. The physico-chemical characteristics like biochemical _ :
oxygen demand (BOD), chemical oxygen demand (COD), pH, e

specific conductivity, dissolved oxygen (DO), alkalinity before 5 '

and after the bath were 7.33 ppm and 9.6 ppm, 21.32 mg O,/l and " N
55.11mg O,/1, 9.1 and 9.43, 363 pS/cm and 643uS/cm, 10 ppm ﬁ)& :
and 7.2 ppm, 148 ppm and 156 ppm, respectively. The results — R
revealed deteriorated water quality of River Ganga due to huge Sampling during Magh Mela

influx of wastes and organic matters. Regular monitoring, mass awareness among pilgrims, safe disposal of organic wastes and
appropriate mitigation measures could minimize the elevated level of pollution. Better coordination of different agencies and
pilgrims is very much essential to minimise the adverse impact of mass congregation and bathing during Magh Mela in the river
Ganga at Sangam, Prayagraj.

D. N. Jha, Absar Alam, Jeetendra Kumar, V. R. Thakur, Monika Gupta, Sandeep Mishra, Vijay Kumar, Sushil Verma, Shivjanam
Verma

Record size of Ghora chela (Securicula gora), Hamilton, 1822) from the middle stretch of the River Ganga at Bijnor, Uttar
Pradesh

An ichthyofaunal survey on the middle stretch of the River Ganga
during March 2021 records a new maximum size (TL-28.5 cm and TW-
152g) of Securicula gora, a cyprinid species from the family
Danionidae. Its distribution was earlier reported from Asian countries
parts namely—India, Bangladesh, Pakistan and Nepal. According to
the [UCN Red List Status, the species is categorized as Least Concern
(LC). This species typically occurs in freshwater habitat with dense
vegetation and sluggish water. They are omnivorous in nature and
mostly prefers small invertebrates, insects, & other zooplankton. The maximum size available in FishBase and other fish databases
is 24.5 cm TL. Present study reported the new record size from the river Ganga at Bijnor (Latitude: 29°22'48'"N, Longitude: 78° 02"
01"E) Uttar Pradesh.

Securicula gora (Hamilton, 1822)

Absar Alam, Dharm Nath Jha, Jeetendra Kumar, Venkatesh. R. Thakur, H. S. Swain, Sushil Kumar Verma, Sandeep Kumar Mishra,
Shivjanam Verma, Sandeep Mishra and B. K. Das

Rapid assessment of ichthyofaunal diversity and their conservation status of Brahmaputra River, Assam

An investigation was carried out to evaluate the status of ichthyofaunal diversity of River Brahmaputra in Assam during the winter
season (November 2019 to February 2020). Fish landed in landing centres of Tinsukia, Morigaon, Kamrup and Dhubri district of
Assam were recorded. A total of 29 species belonging to 22 genera of 17 families were recorded. Among the families, Cyprinidae
was the most dominant family representing 27.58%, followed by Ambassidae (10.36%), Channidae (10.35%) and
Mastacembelidae (6.90%); other families contributed 3.46%. According to IUCN status, one species can be included under
endangered category (Clarias magur), 2 species under near threatened, 2 species were data deficient and 24 species under least
concern category. The study indicates rich ichthyofaunal diversity of the river during the winter season. Most of the fish species
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Clarids . 5 .

g observed were indigenous, with a few
B yprenidesy endemic and rare to the region. However,
BC lupeadse . 5 . .

B obiidas ' heavy siltation, over-exploitation of
W alaptaidas resources, pollution, anthropogenic
B3cacndae . .

wAmbessdar 1 activities. has affected the ichthyofaunal
:mﬁ;"““"‘d” | diversity of the river. Therefore, strategies
B anddae such as controlling of fish harvest, siltation,
Channidse . . st

© olitidas water pollution and anthropogenic activities
Belomdst are suggested for conservation of the
1Symbranchidae . g . .

- indigenous and endemic fish species of the

region.

Family-wise fish diversity in River Brahmaputra Fishes landed at Morigaon, Assam

Niti Sharma, B. K. Bhattacharjya, A. Kakati, T. N. Victor Anal, S. S. Singha and B. K. Das

A new index-based risk assessment disentangling the phytoplankton diversity loss due to inland navigation—towards
framing river water management strategy e ay s

The commercial navigation and movement of barges through inland
waterways adversely affect the riverine aquatic system, which are of
global concern. We present a novel risk assessment framework—with
a goal to evaluate phytoplankton diversity loss due to barge movement
over a spatiotemporal scale. For this purpose, a secondary data from -
the public domain was used (https://doi.org/10.1371/journal.pone. =
0221451). This study has proposed a new index of diversity loss and its
inferential framework based on a full Bayesian Generalized Linear :
Mixed Model. The results have diagnosed significant impact of barge- e ) . e ;
induced disturbances on the phytoplankton diversity and identified ten Q " & i
most impacted species - Fragilaria, Nitzschia acicularis, N. reversa, Wi : i, ;

Synedra, Melosira, Coscinodiscus, Eunotia, Coelastrum, ' o ' !

Scenedesmus and Merismopedia. The proposed framework has it e e

successfully disentangled barge-induced phytoplankton diversity loss = g £t

from unobserved disturbances - e.g, ferry services, variation in water Site-specific disturbance estimate in plankton diversity loss.
quality and predicted a substantive overall risk of phytoplankton loss Left and right panels represent abundance and presence-
of 31.44%. Besides, it has uncoupled spatiotemporal differential e Regata, tospectively.

estimates, suggesting a risk of diversity loss in order of 'During vs After' (38.0%) > 'Before vs After' (30.7%) > 'Before vs During'
(24%) barge movement in temporal scale and increasing diversity loss along downstream. Hence, in the light our findings of loss
of phytoplankton diversity, restricting barge movement for at least one day interval in the waterways can be a sensible strategy for
water management and phytoplankton conservation, at least partly. Hence, controlling disturbance induced by other
anthropogenic activities, e.g., ferry service, can be another water management strategy.
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Malay Naskar, Soma Das Sarkar, S. K. Sahu and Pranab Gogoi

Estimation of environmental flows for river ecology with focus on downstream fisheries of Sardar Sarovar Dam (SSD) in
Narmada River

Sardar Sarovar Dam (SSD), a multipurpose dam on the mainstream of River Narmada, has been comprehensively deliberated
globally due to it's environmental intricacies. The study has taken a stretch of 11 km with the available ecology and fisheries data
from two representative sites viz. Kawadia and Garudeswar. The 7or tor (Mahseer) was selected as a key fish species for the
estimation of the environmental flows by hydrological (FDC) and hydraulic simulation (MIKE11). Considering the flow depth and
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Pristine ."I \ velocity requirement for the Mahseer, it was observed that even

= Class A i with a release of 100%, flow velocity requirement for the
==r=-- Class B Mabhseer could not be achieved. The water requirement for the
Class C fish was estimated based on the depth and velocity. It was
e Class D estimated that a discharge of 2964 cusec during lean/pre-
monsoon season (February to May; representing 7.8% MAF of
Q90), 12,542 cusec during post monsoon (October to January,
representing 33% MAF of Q90) and 14,062 cusec during
monsoon (June to September, representing 37% of MF of Q90)

Q,, discharge (cumec)
[}
[ =3
(=}

TEHEYESTEEZIEETEETE S shall be released at the downstream of the Dam as
E T8 &L a8 L EEzs e s35 5 1 3 :
H£g§§<2§3 ﬂgmgozéa environmental flows.

Estimated E-flows at the Garudeshwar Gauge-Discharge site of the A K. Sahooand B. K. Das
Narmada River using the FDC (Q90) analysis at 10-daily scale

First time tagging of five hill stream migratory fish species in River Tons to advocate operational functionalities of fish pass

The river Tons, a major tributary of Yamuna, is a perennial Himalyan
river and originates from 20,720 ft (6,315 m) high Banderpanch glaciers.
The river is the home for both indigenous and exotic fish species. A field
investigation was conducted at the upper stretch of the river (31°04.076'
N 78°05.989'E; elevation 1275mto 31°01.994' N 78°03.181'E; elevation
1154 m ), to identify the migratory path of fish species at the proposed
dam of 60 MW Naitwar Mori Hydro Electric Project. During the
investigation, for the first time five major migratory fish species were
recorded: 1) Schizothorax richardsonii (Snow trout) ii) S. progastus
(Dinnawah Snowtrout) iii) S. labiatus (Kunnar Snowtrout) iv) Salmo
trutta (Brown trout) and v) Oncorhynchus mykiss (Rainbow trout). In
order to understand the migratory path of these fish species, initial
tagging was done with T-bar 25 mm ICAR-CIFRI coded tag for 50 fish
with avg. length of 265 mm and avg. weight of 247 g for S. richardsonii,
avg. length of 211 mm and avg. weight of 126 g for S. progastus, avg.
length of 250 mm and avg. weight of 170 g for S. labiatus, avg. length of
222 mm and avg. weight of 145 g for Oncorhynchus mykiss and avg.
length of 300 mm and avg. weight of 225 g for Salmo trutta. Within a
period of two months, four fish species of brown and rainbow trouts were
recaptured at a distance of 5.5 km upstream of the release site. This
indicates the upstream migration as well as the residential migration to
preferred habitat of these species in the project site of River Tons.

ATHTINH &

A i N e e B.K.Das,A. K. Sahoo and D. K. Meena
GPS locations of tagged fish
Anti-microbial compounds triclosan and triclocarban in a Himalayan river

Personal care product (PCP) chemicals have a greater chance of accumulation in the aquatic environments because of their volume
of'use. PCPs are biologically active substances that can exert adverse effects on the ecology and food safety. Triclosan (TCS) and
triclocarban (TCC) are two synthetic phenolic compounds commonly used in many daily used personal care products. We have
monitored the traces of TCS, its metabolite methyl-triclosan (Me-TCS) and TCC in Torsa, a transboundary river. The concentration
of TCS was higher than TCC in both water and fish in most of the cases. In water, TCS and TCC were detected at levels exceeding
their respective PNEC (Predictive No Effect Concentration). TCS concentration (91.1-589 pg/kg) in fish was also higher than that
of TCC (29.1-285.5 pg/kg). Me-TCS, which is formed due to its biomethylation, could not be detected in water but occurred in

E——
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fishes, though less frequently compared to TCS. Both the
compounds were found to be bio-accumulative in fish, but the
risk analysis (risk hazard quotient; HQ) revealed that
concentrations of TCS and TCC present in fishes would not pose
any threat for human consumption. As studies on monitoring of ]
emerging contaminants in open water is very limited, the data |
generated in this study would serve as baseline information and =
boost interest among researchers to profile and map pollutants of
emerging concern in different aquatic ecosystems.

Soma Das Sarkar, Subir Kumar Nag, Kavita Kumari, Keya *
Saha, Sudarshan Bandyopadhyay, Mohammad A ftabuddin

Occurrence of TCS and TCC in torrential river of eastern Himalaya

New report of Indian frogfish, Antennarius indicus Schultz, 1964 from the Hooghly-Matlah estuary of India

A single specimen of Indian frogfish was found from the winter migratory bagnet
catch, which was captured along with other species at a depth of 10 to 12 m during
February 2021. The length of the specimen was observed to be 97.87 mm, and
weight as 33.48 g. Indian frogfish, Antennarius indicus Schultz 1964 of the family
Antennariidae (order Lophiiformes) are predominantly benthic, shallow-water,
reef-associated marine species, found nearly all the tropical and subtropical ocean
and seas of the world, even in temperate waters. Till now, there are no records on
the occurrences of frogfishes in Hooghly-Matlah estuarine systems. The Indian
frogfish is a truly marine species, native to the Indian Ocean and its extended
water bodies. The species is earlier reported from the Western Indian Ocean, East
Africa, Gulf of Aden, and Seychelles to southeast India and Sri Lanka, north to the
Gulf of Oman. The meristic counts of the specimen were observed as dorsal fin
spine-3, dorsal fin rays-12, anal fin rays-7, pectoral fin rays-10, pelvic fin rays-5.
In the live species, the body is yellowish-brown. In all the fins, dark brown rows of
spots are present. The colour of the esca is yellow to yellowish-brown with two or
three dark ocelli. The illicium is dark with a band. As per the local fishers,
occurrence of such frogfish in bagnet was an accidental catch. There is no significant interest in such species for food purposes,
except their value in the aquarium fish trade. As per [IUCN Red List Status, the species is kept under the Not Evaluated (NE)
category.

I]_!(ﬂ:]’]]lﬂll|lllII'[II]I|JIIEIJ|II!”I:!?jjﬂﬂ:.ll“@"IIE!IIHHi|||||.

Ventral view of 4. indicus collected from Hooghly-
Matlah estuary of West Bengal

Dibakar Bhakta, Ranjan K. Manna, Sangeetha M. Nair, Shubendu Mandal, S. Samanta and Basanta K. Das
Supercyclone Yaash caused increased availability of Lates calcarifer juveniles and prawns in Indian Sundarbans

Severe cyclonic storm, Yaash made its landfall in Odisha, India
on 26" May 2021. Being a full moon day, the water level -
increased tremendously in the coastal districts of East Midnapur,
North and South 24 Parganas of West Bengal. This caused
intrusion of saline water, inundating paddy fields, ponds,
houses, etc. Large-scale mortality of freshwater fishes in ponds
in coastal areas caused a huge economic loss to local people as
reported. A survey in 1" week of July revealed that some of the
islands of Indian Sundarbans like Sandeshkhali, Gosaba, Pathar
Pratima, etc. were heavily affected by the intrusion of saline
water in human habitat areas. Monsoon rain has reduced the il :
salinity Substantlally in those flooded areas. It was recorded that Lates calcarifer seeds being transported in alummum handi in Sundarbans
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plenty of Lates calcarifer (Bhetki) seeds were available in
submerged paddy fields or village ponds. Those seeds were
collected in live condition and further sold for aquaculture in
estuarine wetlands (locally known as Bheri) @ Rs. 4.00-15.00 per
piece depending upon the size of the fish. With L. calcarifer,
increased abundance of prawn, Metapenaeus spp. were also
recorded. Brackish water regime of water present in those paddy
fields and ponds created a conducive environment for their survival
and growth. Collection of live seed of L. calcarifer has generated
some income avenues (collection, transport, sale, etc.) for local
poor people who were in highly distressed condition due to the
submergence of their property by flood pulse.

Harvsted prawns ready for transortation
R. K. Manna, Dibakar Bhakta, Subhendu Mandal, Sangeeta M. Nair, S. Samanta and B. K. Das

African catfish and tilapia are threatening the reservoir ecosystem —reveals food web modelling study

An attempt was made to investigate the ecological impacts of
Oreochromis mossambicus (tilapia) and Clarias gariepinus
(African sharp tooth catfish) species on the food web of

O.mossambicus

-4
i E E B = i, B 5 g i Karapuzha Reservoir ecosystem in Kerala using food web
E ; 2 g i : @ 3 E g E ’% E g E E modelling approach. This reservoir is ideal for culture based
018 — B i S = fisheries and is located in Wayanad District in Kerala. The
o1 reservoir at FRL of 1250 hectares was impounded in 1979,
oo I l I I I targeting for irrigation of about 9000 hectares. The fishery
8 - 5 o= . constitutes the giant freshwater prawns, Cauvery carps, Indian
i I I I Major carps, Cichlids, Murrels, and Catfishes. This reservoir
e has five trophic levels and its food web structure is dominated
i by lower trophic-level organisms. The flow occurred in the first
Clarias gariepinus 4 TLs in particular. The transfer efficiency for the grazing chain
s 3 N E s 5§ i § from TL II to TL V was 17.0%, 8.5%, and 21.4% with a mean
i 3 . a E ; & § 3 g 3 4 value of 14.53%. The mean trophic level of the catch was at
S EEEE T EERES —5 :i5: 2.80. The mixed trophic impact analysis (Fig.) was performed

o3

a1 to determine the impact of both O. mossambicus and C.
(-5}

g gariepinus. The model reveals a low omnivory index for

| |
o1 I I | I I E I I I AE B S African catfish as this fish is highly specialized in food

s habit, feeding
a8 exclusively on
G other fish groups
thereby affecting =
adversely the
fishery of the [I%
reservoir. The growth of most of the alien food fishes is superior to local species, and
their invasiveness can cause serious impacts on biodiversity. Understanding the
population dynamics of these alien species, as well as exploring suitable techniques
for efficient control or eradication of invasive species such as African catfish, is
extremely essential for maintaining the health of reservoir ecosystems.

Mixed trophic impacts showing the effect of O. mossambicus
and C. gariepinus on other model groups

M. Feroz Khan, Preetha Panikkar, Sibina Mol S., Vijaykumar, M. E.

African catfish, Clarias gariepinus gilled in the
experimental catch

—
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Application of different trophic state indices models resulted in different trophic state classification of tropical peninsular
reservoirs of India

Comparison of the different Trophic State Index models and respective classification for
peninsular reservoir of India during different season

The Carlson (1977) (TSI.), Toledo

(1990) (TSI,,), Lamparelli (2004)
(TSI,,) and Cunha (2013) (TSI,)

TS[_Mndel-’E_e_ﬂwnir Season

: I-Z'a rlsom (1977)

Krishnagirli |  Mermr

Harangi

Pre-monsosn Urasligotrophic
trophic state indices were applied and |7sz,., Monsoon
compared in three different tropical Post-monsoon Oligotrophic
peninsular reservoir namely Krishnagiri | Toleda (1990} Pre-monsoon
(Tamil Nadu), Mettur (Tamil Nadu) and | 757, Monsoon Mesatraphic

Harangi (Karnataka) of India. Results
indicate that data subjected to various
numerical models leading to different
trophic state classifications of peninsular
reservoir. Carlson (1977) and Toledo's
trophic state index lead to over

FPost-monsoon

| Lamparelli (2004}
| TSI,

Pre-monsoon
Monsoon
Posi-monsoon

Cumnha et al. (2013)

Pre-monsoon
Moensoon
Post-monsoon

Ewirophic

Supereatriphic

Hypereutrophie

estimation of the trophic state of the =

studied reservoirs. This may be due to the

over-evaluation of water transparency which is more related to inorganic turbidity rather than phytoplankton biomass in tropical
aquatic system. The Carlson index, which was developed for temperate lake, was leading to higher trophic level of tropical
reservoir and may not be suitable to tropical lakes and reservoirs. Both the Lamparelli and Cunha indices generally classified the
study reservoirs as being in lower trophic state, as they are not considering transparency in their trophic state calculation, thereby
correctly estimating the trophic status of tropical reservoirs. Based on the results of the present study, it may be concluded that a
random selection of available trophic state indices for evaluating the water quality criteria of tropical reservoir might lead to
overestimation or underestimation of actual trophic state of tropical aquatic ecosystem. Therefore, it is pertinent to focus more
research on tropical reservoirs, as well as development of new trophic state indices, including consideration of other potentially
limiting factors.

Ajoy Saha, Preetha Panikkar, Ramya V. L., JesnaP. K., SibinaMol S., U. K. Sarkarand B. K. Das
Fisheries enhancement in the selected wetlands of M. P. through eco-orientation approach

Explorations were conducted
in four wetlands namely,
Govindgarh lake,
Devendranagar lake,
Nirpatsagar, and Lokpalsagar
lake and baseline information
were collected to assess the
production potential and
fisheries enhancement.
. Govindgarh lake (307 ha)
situated at Rewa district is a
seasonally open wetland
connected to the Bichiya River of the Ganga Basin. Devendranagar lake (190 ha), Nirpatsagar (240 ha), and Lokpalsagar lake (185
ha) which are situated in Panna district of Bundelkhand region are connected to the Suktanalla, Kilkila, and Ranj river,
respectively. All these wetlands are owned by the Government and leased to the fishermen co-operative society for ten years
through a competitive bidding process. Stocking of fingerlings (IMC) 2-3 lakhs is being carried out in all the wetlands by the state
department once in a year. IMCs (50-80%) were the most important contributors to fisheries, followed by exotics. Harvesting is
continuous except for the months of July and August. Water and sediment quality parameters of all the wetlands were found in

\

R

Interaction with official of fisheries department, Rewa (M.P.) Govindgarh lake
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optimum range for the fish production. Trophic State Index (TSI) ranged from 52.67- 54.77 on the basis of chlorophyll -a content
and all the wetlands were observed to be in the eutrophic state. Fish species richness ranged from 16 to 23 with maximum record
from Govindgarh lake.Total 12 plankton species from Govindgarh lake, 13 species from Devendranagar lake, 5 species from
Nirpatsagar and 10 species from Lokpalsagar were recorded with an average density ranging between 1.2 lakh unit 1" and 2.8 lakh
unit1”. Except Devendranagar lake, all wetlands were infested with macrophytes. Hydrilla, Vallisneria and Potamogeton were the
most dominated macrophytes in these wetlands. The fish yield ranged from 100-300 kg/ha/year. There is a great scope to enhance
the fish production through scientific approach like pen culture, species enrichment, stock enhancement etc.

Monika Gupta, V. R. Thakur, Absar Alam, Jeetendra Kumar, Vijay Kumar, A. K. Das

Monoculture of medium carp, Labeo gonius: a potential introduce for wetland cages

% [ A cage aquaculture
e . experiment was carried out
70 1 to optimize the stocking
s - 3 density of Labeo gonius
5% SIS o fingerlings for table fish
=40 ,,-r"’& production under
0 — J_.,Jr-""’{ : monoculture system in
0 > CIFRI Gl-cages (individual
0 ,/f cage dimension: 5 x 5 x 2 m’)
T I N 5 6 for the first time in Samaguri

Body weight of L. gonius fingerlings at different
stocking densities. Data were analyzed by one-way
ANOVA. Different superscripts in the same month
indicate significant difference (p<0.05);

beel, a seasonally open
floodplain wetland of
Assam. Fingerlings of L.
gonius (av. length 7.54 cm;

ns ~ notiSignificant av. weight 4.48 g) were [ gonius produced in CIFRI GI cages in
stocked at five differential stocking densities. Results of the experiment indicated Samaguribeel, Nagaon, Assam.

that growth performance of the fish at highest density was the lowest and those at lowest density was the highest. The final body
weight, weight gain percent, specific growth rate and feed conversion ratio of the fish at 20, 30 and 40 fingerlings/m’ were not
significantly different (p>0.05) from each other. However, the highest biomass was achieved at stocking density of 40
fingerlings/m’ (83.96 kg/cage). Economic analysis showed that B:C ratio was the highest (1.68) at stocking density of 40
fingerlings/m’. Hence, a stocking density of 40 fingerlings/m’ can be considered optimum for producing table-sized L. gonius in
cages in the beels of Assam.

Pronob Das, B. K. Das, S. Yengkokpam, D. Debnath, A. K. Yadav, S. Borah, N. Sharma, B.C. Ray, A. Kakati and B. K.
Bhattacharjya

ITK-based innovative floating pen design for wetlands of Manipur: A case study of Takmu pat

T

CIFRI-HDPE net pens supported by bamboo frame was used for
successfully conducting pen culture trials in Takmu pat, Bishnupur district,
Manipur under an NMHS-sponsored project. Increase in water levels in the
pat during the monsoon (June- September) led submergence of the pens, due
to which 2 net pens were joined and stitched to form one net pen in the
previous trial. To overcome this problem of pen submergence, we designed
circular floating pens based on indigenous technical knowledge of using
floating macrophyte-mass (phumdi) with active collaboration of the local
Meitei fishers' community of Keibul Makha Leikai. Two circular pens (68 m
e s o A and 74 m diameter) were constructed in Takmu pat using HDPE nets,

ITK-based floating circular pen in Takmu pat, Mampur phumdi, ropes and anchors. Phumdi present in the wetland was cut and used
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to form a floating circular structure on to which nets were
fastened and suspended using plastic ropes. At the bottom of
the pen net, sinkers used in the form of pebbles kept in net
pockets formed by rolling the end of the net and stitching it.
The sinkers line were then driven into the bottom sediment.
The height of the net wall was kept sufficient so that the
structure can float up with the increase in water levels during
rainy months. At every 6 feet interval, ropes with anchors
were used to tie the phumdi so that the pens remain in place.
The pens were stocked with 6 species of carps: catla (Labeo
catla), rohu (Labeo rohita), grass carp (Ctenopharyngodon
idella), Amur common carp (Cyprinus carpio), kuri (Labeo
gonius) and silver carp (Hypopthalmichthys molitrix) at a
stocking density of 1 no./m’. After 5 months of rearing, grass . :

carp attained the highest weight (1.80 kg), followed by Amur Fish harvested from the circular pens

common carp (1.20 kg), rohu (0.95 kg), kuri (0.70 kg), silver carp (0.65 kg) and catla (0.52 kg). Net fish production 0f 9.03 kg m”
was obtained in the present experiment.

B. K. Bhatttacharjya, S. Yengkokpam, D. Debnath, S.C.S. Dasand T.V. Anal
Bioavailability, safety and withdrawal period of oxytetracycline in pangas

- Pangasianodon
hypophthalmus, 60 OTC Withdrawal Muscle
commonly called
as ‘“Pangas”, is
widely cultured

. = Treatment
4 in ponds, tanks, "
cages, etc. in I
10
A S E A N ' ' a
T 0 2 4 6 8 1

countries with

= Control

OTC Conc. (ng/g)
w
=

0 12 14 16 18 20
. huge production Days
2 & b e contributing 2% . : AT
< 3 *" et - : to the total global OTC concentrations in flesh after 10 days in-feed administration
ey reL 8 L - "% aquaculture production. The antibiotic oxytetracycline (OTC) is widely used for

Vacuolar degeneration in liver of fish administered  reatment of bacterial diseases of fishes, including Pangas. Experiments were
g e RS conducted to determine bioavailability, safety and withdrawal period of OTC in
Pangas. Following in-feed administration, the antibiotic was safe for the fish at the maximum recommended dose of 80 mg/ kg b.w.
daily for 10 days. When administered at 5-10 times of the recommended dose for prolonged period, it caused liver damage, which
recovered soon after the drug administration was stopped. However, comparison of the drug pharmacokinetics following
administration in oral and intramuscular routes showed that less than 1% of the drug given through feed comes to blood and the
blood concentration do not attain the effective therapeutic level suggesting low efficacy of the drug in treating bacterial diseases in
Pangas. Following 10 days in-feed administration at therapeutic dose, the OTC concentration did not exceed the recommended
MRL value in flesh; however, considering high amounts of the chemical in the liver and kidneys, a withdrawal period of 4 days is
recommended for consumer safety.

S.K.Manna, A. K. Bera, R. Baitha, N. Das
Microplastics contamination in East Kolkata Wetlands and waters of a drinking water plant

Studies have found that the wastewater carrying canals to the East Kolkata wetlands are heavily loaded with microplastics which
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eventually reach to the wetlands contaminating aquatic ecosystems.

a0 12 Wastewater canals are found to contain 30.46 to 137.72 microplastics

/L of surface water and 1108.78 to 34612.87 microplastics /kg

sediment. However the load of microplastics in the individual pond of

wetlands was found less (7.87 to 20.39 items/L of surface water and

| 2124.84 to 6886.76 items/kg sediment). A number of microplastics of

S various color and morphologies were found in the fish guts (Labeo

rohita, L. bata, L. catla, etc.). It was also found that floating

microplastics in the surface water are major reason for microplastics
s content in fish

0zt | guts. |]

Another study
was carried out

. . . : . . in a Kolkata
Optical images microplastics found in the sediments of EmT
waste water canals (A) and wetlands (B); Optical image and Municipality-
corresponding ATR FT-IR spectrum of microplastics found in Tun Water
Labeo rohita (C) and Indoplanorbis exustus (D) collected from Treatment

wetland. Plant (WTP) at
Palta, West Bengal. In this WTP the raw water was sourced from River
Ganga which is found to contain microplastics at concentration of 17.88
items/L. The cumulative microplastic removal at key treatment stages viz.
pulse clarification and sand filtration was found to be 63 % and 85 %,
respectively. The most frequently occurring microplastics were fibers and
films/fragments with polyethylene terephthalate and polyethylene as a
major chemical type. The work was recommended and recognized by the
global research community and is available at https://doi.org /10.1016 /j.
jhazmat.2021.125347.

Visible (a) and fluorescence (b) images of microplastics
in the raw water and final treated water of test DWTP

Dhruba Jyoti Sarkar, Soma Das Sarkar, Basanta Kumar Das
Impact of culture-based fisheries on fish yield of floodplain wetlands in West Bengal, India

The vast floodplain wetland resources

2000 1400
(42,500 ha) of West Bengal are utilized for 1800 1200 ies
fisheries enhancement and livelihood 1600
» . ~1400 __ 1000 864

security. However, the effectiveness of | 3, S
culture based fisheries practices vary among | 2100 5 "
the wetlands. In this context, the fish yield | g *® 3

y 2 600 > 400
was estimated from different wetlands of 200
West Bengal. The analysis of data from 21 200 200
ﬂ_OOdplain Wetlands revealed an aVerage ﬁSh ° Coochbehar Malda Murshidabad Nadla North 24 Pgs ’ Open/Seasonally open Closed
yield of 1083 kg/ha/yr due to adoption of Districts Type of wetland

culture-based fisheries. The average fish
yield of the studied West Bengal wetlands
was found to be higher than the national average of 400 kg/ha/yr. The yield of studied wetlands ranged from 97 to 4745 kg/ha/yr;
maximum yield was achieved in Chaltia, a sewage fed Wetland in Murshidabad district. The average fish yield was higher in closed
wetlands (1165 kg/ha/yr) compared to open/seasonally open wetlands (864 kg/ha/yr). The wetlands in lower Ganga basin showed
higher fish yield as compared to Teesta-Torsa basin. The success of culture based fisheries in enhancing the fish yield can be
adopted by other potential states for realizing the fisheries potential as envisaged in PMMSY.

Fish yield pattern in selected wetlands of West Bengal

P. Mishal, U. K. Sarkar, Lianthuamluaia, Suman Kumari and B. K. Das

E—




T I T AT s

& IFIRINEW

Vol.25, No.2 goﬁ)’ (January - June 2021)
ISSN : 0972-0774 i

Spatio-temporal change analysis of floodplain wetlands of eastern India in the context of climatic anomaly

The spatio-temporal change analysis was carried out in three floodplain wetlands (Mathura, Bhomra and Chandania) of Eastern
India using the GIS tools. The surveyed wetlands were reduced in size (area) by 37.20-57.68% in 2017 compared to the base year of
2000, along with a reduction in minimum and maximum depth reported from these wetlands. The analysis of data from 1985 to
2018 indicated variability in climate with average temperature (1.9°C) and rainfall anomaly (-698.1 mm) in the study area during
the year 2018. The Pearson correlation revealed a varying relationship between fish production and climatic parameters which were
non-significant except in Mathura wetland in which the fish production was negatively correlated (p <0.05) to temperature.
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Map showing area reduction of Bhomra wetland over two decades

Mishal, P., G. Karnatak, Lianthuamluaia, Bandana Das Ghosh, U. K. Sarkar
Climato- hydrological influences on breeding phenology of fishes

Minnows or small indigenous fishes are indispensable group of

I freshwater fishes and are considered as first and easy hits of
.-J_'i climate change. Reproductive resilience of minnow
e R Amblypharyngodon mola (mola carplets) collected from four

o wetlands viz. Mathura, Bhomra, Chandania and Nayachara in
g West Bengal was assessed. The study revealed that spawning in

i ' females (threshold gonadosomatic index > 4.6 units) is neither
{ cued by water temperature nor rainfall. The fish maintain pre-
Sf spawning fitness (K,

a0

&l

gumso 1.12-1.25 units) within a broad
i temperature (22-33°C) and rainfall (0-800 mm) window. The
N local pattern of changing temperature-rainfall (+0.05-0.08°C
o e T and (—38.74)-73.42 mm/decade) offer negligible threat on their
T ' natural recruitment of mola. Threshold body girth was
L 4 19 15 estimated at 3.2-3.4 cm. Fishing nets of 5-30 mm mesh are
probably driving the regional decline in minnow population.
There is an urgent need of adhering to minimum mesh sizes
Kaplan-Meier survival estimate for pre-spawning girth of female (Stotal plrcumference)of>32-34 mm for allowing a sizeable
Amblypharyngodon mola population to breed.

Froporton of spawwn-fit (%)
20
o

Pre-spawning fitnessiCaondition factos)

U. K. Sarkar, G. Karnatak, Mishal, P., S. Kumari, S.Bakshi, B. Das Ghosh, B. K. Das
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Activities under NEH Programme

Popularization of cage culture technology in Dumbur Reservoir of Tripura

The institute initiated demonstration of
- B cage culture in the Dumbur Reservoir
ot A (3049 ha) in collaboration with the
=r #5%4 Department of Fisheries, Govt. of
Tripura. Fingerlings of Cyprinus carpio
were stocked in ten cages (6 x 4 x 4 m’
each) installed in the reservoir. The
- W stocked fishes were fed CIFRI
- 1. B CageGrow floating pellets as per the o
Stockmg of common carp (Cyprinus carpio) protocols. Training and workshops were Series of cages mstalled in Dumbur Reservoir,
seed in cages installed in Dumbur Reservoir of also organized for fishers and fisheries Tripura
Tripura officials of Tripura. The Institute
provided inputs for cage culture viz. net cages (10 nos.), fish seed (20,000 nos.) and floating feed (10 tonnes) and technical
guidance. It is expected that better management practices in cage culture with locally preferred fish species will enhance income
and employment opportunities of tribal fishers residing around the reservoir.

S.C.S. Das, D. Debnath, B. K. Bhattacharjya, A. K. Yadav, M. Shaya Devi and B. K. Das
Popularization of ICAR-CIFRI technologies among beel fishers of Assam

Culture based fisheries (CBF), fish stock
enhancement and pen culture
technologies were popularized among |
= tribal fishers in six beels located Lower
Brahmaputra valley region of Assam in
collaboration with Department of
- Fisheries, Assam. CBF and fish stock §
enhancement were organized in Bamuni
beel of Kamrup Rural; Charan and
e I Satbhoni beels of Baksa; Badhai, Urpad
Supplementary stocking for culture based ~ and Dhamal beels of Goalpara district. S5
fisheries at Charan beel, Baksa, Assam Fish stock enhancement was carried outin Pen culture at Bamunl beel, Kamrup (R) Assam
Urpad and Dhamal beels, which are seasonally open wetlands. CBF and fish stock enhancement are likely to increase fish
production in the range of 15-20 tonnes in each beel. Pen culture activities were undertaken in Urpad, Dhamal, Charan and Bamuni
beels. ICAR-CIFRI HDPE Pen enclosures were installed in an area of 3000 m” (6 pens of area 500 m’ each) in each beel and stocked
with advance fingerlings of species under IMC and minor carps. An increase in additional fish production by around 6-9 tonnes is
expected from pen culture activity in each beel. A total of 2129 tribal families (belonging to Bodo, Rabha and Garo communities)
from the six beels are expected to reap benefits of supplementary stocking and pen culture programme. Further, the tribal beel
fishers were sensitized on the need to adopt these technologies in beels for better production and income.

B.K.Das, S. Borah, P. Das, A. K. Yadav and B. K. Bhattacharjya
Cage culture of endemic Osteobrama belangeri in Takmu pat of Manipur: A step towards its conservation
The minor carp Osteobrama belangeri (locally called pengba) is the state fish of Manipur and is 'Near Threatened' under the

conservation aspect. With a view of its conservation, rearing of O. belangeri was carried out in HDPE framework cages (6 x4 x 2.5
m’ individual dimension) in Takmu pat, a part of Loktak lake in collaboration with the Department of Fisheries, Govt. of Manipur
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for stocking in the
floodplain wetland.
Fingerlings of O.
belangeri (av.
weight: 13.18+1.79
g) were stocked at
five different
stocking densities in &
10 net cages. Fishes §
were fed CIFRI
CageGrow feed.
After 5 months of &

rearing, the growth &5 72 -f3 :
Stocking of pengba (O. belangeri) in cages at performance of the Catch of O. belangeri from cages
Takmu pat, Manipur reared fish was found to be inversely proportional to the stocking density. The
final weight of the fish ranged from 24.4-121.6 g.

S. Yengkokpam, D. Debnath, B. K. Bhattacharjya, N. S. Singh, T. N. Chanu and B. K. Das

Technology Demonstration

Successful demonstration of black clam (Villorita cyprinoides) culture in CIFRI HDPE CRPS in Vembanad lake, Kerala

The CIFRI HDPE CRPS (Climate Resilient Pen
System) pen was installed and stocked with black clams ¥ e
in October 2019 in collaboration with Thycattussery
black clam industrial co-operative society in Vembanad
lake under the NICRA project. A total of 460 kg of clam
seeds was stocked in a pen of 160 sq.m area anticipating
a harvest of nearly three tonnes. Partial harvesting was ;
! done on 10 March 2021 which yielded 1 ton amounting 58
to nearly Rs. 25,000. Clams achieved an average final
. weight of 13 g. The successful demonstration proved
that clam culture can be taken up as an alternate
N livelihood option or as a switch over livelihood option
for inland open water fishers associated with Vembanad
lake.

T. T. Paul, Mishal P., U. K. Sarkar, B. K. Das and Albin Albert C.

Demonstration of CIFRI-CAGEGROW floating feed in derelict water
bodies of Assam

With an objective to demonstrate CIFRI-CAGEGROW floating feed in
derelict water bodies, a total 4200 kg of CIFRI CAGEGROW have been
distributed among tribal fishers at Chhatomatia village, Goalpara district
under TSP programme on 19 September 2020. A total of 40 tribal fisher
families benefitted from the programme.

B. K. Das, Pronob Das, S. Borah, A.K. Yadav, S. Yengkokpam, D. Debnath, = = B
S.C.S. Das, N. Sharma, N.S. Singh, B. C. Ray, A. Kakati and B. K. Distribution of CIFRI-CAGEGROW feed
Bhattacharjya to the tribal fishers of Assam
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Demonstration of climate-resilient wetland fisheries programme in Assam

The institute has been demonstrating

pen aquaculture as a climate-resilient

- technology for wetland (beel) fishers

e eaamiinen i - : iq 4_7—Morakolong 'beel, Morigaon

Al WL R AETLAD A R ' - A , ' % district, Assam during the past two

¢ ot Sl : |V e Y years under National Innovations in

by e M:*g:;:w;; sibanit g 9 3 LT Climate Resilient Agriculture

1 : ' ; ' (NICRA) project. Under climate-

smart inland fisheries initiative of

® ICAR-CIFRI, a total of 6000

fingerlings of indigenous carps

(comprising of Labeo catla, L. rohita,

Cirrhinus mrigala, L. bata, L. gonius) and Ctenopharyngodon idella (grass carp) were stocked in a pen enclosure constructed in

47-Morakolong beel, Morigaon district, Assam for raising advanced fingerlings as well as for table-fish production. This will
increase the adaptive capacity of the fishers and provide additional livelihood security to the beel fishers in the changing scenario.

Fish seed stocking programme for climate-resilient wetland fisheries at 47-Morakolong beel, Assam

B. K. Bhattacharjya, D. Debnath, U. K. Sarkar and Kashyap Bora
Demonstration of pearl spot culture in CIFRI HDPE pens under Tribal Sub Plan (TSP) in Vazhani Reservoir, Kerala

The institute demonstrated the culture of pearl spot (Etroplus suratensis) in PR it B
CIFRI HDPE pens in Vazhani reservoir on 4 January 2021. The fishermen ' s
belonging to ST community of Vazhani Dam Harijan- Girijan Fisheries Co-
operative Society (Vazhani, Thrissur Dt.) participated in the programme.
They were provided with the technical inputs and 3 CIFRI HDPE pens, 7500
pearl spot seeds and 100 kg feed under the TSP programme by the Kochi
centre. Fish seeds of 3 to Scm size were stocked in the three pens (1000 sq.ft
each). The species is expected to grow to 10 cm before stocking in the
reservoir. This enhancement strategy would ensure better harvesting size and
catch per unit effort for Vazhani reservoir fishers.

Deepa Sudheesan, T. T. Paul, S. Manoharan, U. K. Sarkar and B. K. Das

Ranching Programme

Ranching- cum- mass awareness programme for the conservation of endemic Gangetic fish species

The prized Gangetic Major Carps, Labeo catla, L. rohita, Cirrhinus mrigala, and L. calbasu population have declined
drastically in the river Ganga. To restore and conserve the declining population, the institute has been organizing
ranching programmes for the last couple of years under the Namami Gange programme. The fishers and other
stakeholders have also been sensitized about the threats of the declining populations of Indian Major Carps and the
importance of the ranching efforts. The indigenous IMCs endemic to river Ganga bred at the institute Headquarters and
their fries were reared to fingerling size at Neebi, Prayagraj. A series of ranching cum awareness programmes were

E—




 ENCE SR I T s

IFIRINEW

Vol.25, No.2 G (January - June 2021)
ISSN : 0972-077 ey

organized at Prayagraj (Sangam Nose, Manda and Ram Ghat), Kausambi (Kadadham) and Varanasi (Raj Ghat) along
the river Ganga on 5", 8", 12", 16", and 18" March 2021 and released 95,000 fingerlings of IMC. The events were
attended by representatives from Ganga Vichar Manch, Ganga Prahari, Ganga Seva Samiti, Ganga Task force, WII,
Fishery Dept. U. P., 350 fishers of nearby villages, fish traders and local people and other staff of CIFRI Prayagraj. The
headquarters, Barrackpore also arranged a couple of ranching programmes on different occasions.

| iy wn m—— A
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'-.'L" i -

Mass awareness at Manda (Prayagraj), 12.03.2021  Ranching at Ramghat (Prayagraj), 18.03.2021
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For the conservation of Golden Mahseer (Tor putitora) around 1000 mahseer &5
fingerlings were ranched in Bhagirathi River near Koteshwar dam, New
Tehri, Uttarakhand on 20 April 2021. Program was well organized by team
of CIFRI with the coordination of Uttarakhand fisheries

F
< ]
4

Ranching of Golden Mahseer (7or putitora)

3. On-job training on fish & fisheries
management for students of Cachar
College, Silchar, Assam

4. “Production enhancement through cage
culture in inland open waters”; in Malayalam
under PMMSY

5. Production enhancement through cage
culture in inland open waters

6. Opportunities of inland open water

ornamental fishes for livelihood
enhancement and employment generation

under TSP

7. Production enhancement through pen culture
in inland open waters

8. Opportunities of Inland open water

ornamental fishes for livelihood
enhancement and employment generation
under TSP

9. Reservoir fisheries management training
Odisha under TSP

19-24 Jan 2021

29 Jan 2021

29 Jan 2021

11-14 Feb 2021

19 Feb 2021

20-22 Feb 2021

20-22 Feb 2021

(online mode)
ICAR-CIFRI, Guwahati Centre
(online mode)

ICAR-CIFRI, Bangalore Centre
(online mode)

ICAR-CIFRI, Barrackpore
(online mode )
ICAR-CIFRI, Barrackpore

ICAR-CIFRI, Guwahati Centre
(online mode)
ICAR-CIFRI, Barrackpore

ICAR-CIFRI, Barrackpore

Sr.  Name of the training Date Venue Participants

No.

1. Culture of pearlspot (Etroplus suratensis)in 04 Jan 2021 Vazhani Dam, Thrissur Kerala Fishermen of FCS
CIFRI HDPE pens under TSP by ICAR-CIFRI, Kochi Centre of Vazhani dam

2. Pen as a tool for beel fisheries management 08 Jan 2021 ICAR-CIFRI, Guwahati Centre 51 fishers/ farmers

50 students

110 beneficiaries

110 fishers/ farmers

23 fishers/ farmers

60 fishers/ farmers

25 fishers/ farmers

25 fishers/ farmers

10.  Off-campus opportunities of inland open 26 Feb 2021 Rishia, Odisha by ICAR-CIFRI, 25 fishers/ farmers
water ornamental fishes for livelihood Barrackpore
enhancement and employment generation
under TSP
11.  Production enhancement through pen culture 01 Mar 2021 ICAR-CIFRI, Barrackpore 50 fishers/ farmers
in inland open waters (online mode )
12.  Importance of river ranching for fish 02 Mar 2021 ICAR-CIFRI, Allahabad Centre 50 fishers/ farmers
conservation and livelihood improvement of
fishers (online).
13.  Fisheries enhancement in wetlands 09 Mar 2021 ICAR-CIFRI, Barrackpore 50 fishers/ farmers
(online mode )
14.  Wetland fisheries development in East 23 Mar 2021 KVK, Piprakothi 500 fishers of East
Champaran district of Bihar Champaran, Bihar
15.  Sampling methodologies for fish catch 23 Mar 2021 ICAR-CIFRI, Bangalore Centre 450 Village
estimation from inland water bodies of and State Institute of Fisheries Fisheries Assistants
India” Technology (SIFT), Kakinada, of Andhra Pradesh
DoF, Andhra Pradesh (online Fisheries
mode) Department

I——
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Training on cage culture at Barrackpore Online training program at ICAR-CIFRI, Prayagraj
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Training at KVK, Piprakothi, Bihar

Exhibitions participated — " WEa - § i ‘

— L= BARRACHPORE, H-:u.r:.urn
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Name of the exhibition Date Venue - :
Brahmaputra Amantran Abhiyan 05 Jan 2021~ Majuli district, Assam &~ .
Brahmaputra Amantran Abhiyan 14 Jan 2021 Guwahati, Assam "
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Exhibition on the occasion of 'Brahmaputra Amantran
Abhiyan' at Majuli, Assam
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Sr.

No.

Name of the Camp

Purpose

Venue and date

Participants

1.

Awareness -cum-
supplementary fish seed
stocking programme

Awareness camps on Hilsa

and Dolphin conservation of

Ganga

Awareness on pearlspot
culture in CIFRI HDPE
pens (under TSP)

Stocking cum awareness
programme on cage
aquaculture in Dumbur
reservoir

Awareness -cum-fish seed
stocking programmes for
stock enhancement in
Badhaibeel

Awareness -cum-
supplementary fish seed
stocking programmes for
culture-based fisheries in
Borboibeel

Awareness -cum-fish seed
stocking programmes for
stock enhancement in
Ghorajan beel

Awareness programme on
pen aquaculture technology
for livelihood improvement
Mass awareness camp on
conservation of Mahseer
and trout

To create awareness
on culture based
fisheries in closed
beels

To create awareness
on Hilsa and Dolphin
conservation in River
Ganga

To create awareness
on pearlspot culture in
pens

To encourage
successful adoption of
the cage culture
technology

To create awareness
on fish stock
enhancement in
seasonally-openbeels
To create awareness
on culture based
fisheries in closed
beels

To create awareness
on fish stock
enhancement in
seasonally-open beels

To create awareness
on pen culture in beels

Conservation of
important hill stream
fishes in river Ganga

Beels of Assam :

e Charan; 17 Dec 2020 & 17 Feb 2021

e Bamuni; 23 Feb 2021

e Urpad; 25-26 Feb 2021

e Dhamal; 27-28 Feb 2021

ICAR-CIFRI, Barrackpore; 24-25 Feb 2021

In Vazhani Reservoir, Kerala ; 04 Jan 2021

Dumbur reservoir; Tripura, 25 Feb 2021

Badhaibeel, Goalpara; 22 Feb 2021

Borboibeel, Bongaigaon; 06 Mar 2021

Satbhonibeel, Baksha; 06 Mar 2021

Go beel; 11 Mar 2021

Lakhanabandha beel, Nagaon; 16 Mar

2021

Beels of Assam viz.

e Ghorajan, Kamrup Rural; 07 Mar 2021

Rupahi, Nagaon; 08 Feb 2021

Dandua, Morigaon; 10 Mar 2021

Kapla, Barpeta; 12 Mar 2021

Hirakata-Rowmari, Kamrup; 15 Mar

2021

e Duamara-Batamara, Nalbari; 17 Mar
2021

e Rowmari, Darrang; 18 Mar 2021

e Kachadhara, Morigaon; 20 Feb 2021

Borbeel, Arunachal Pradesh; 24 Mar 2021

Tehri, Uttarakhand; 18- 20 Mar 2021

No. of fishers
e 26&20

o 2]

e 35

e 17

75 fishers of
Ganga

Fishermen of
Vazhani dam and
the DDF of
Fisheries
(Thrissur)

50

20

No. of fishers
e 20
e 34
o 22
o 31
No. of fishers
19
27
20
20
18
17
25
25
51
40

Lh e ©¢ o ¢ 0 ¢ 0 o o o

40

Awareness programme
in Namsai district,
Arunachal Pradesh
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Mass awareness
camp at New Tehri,
Uttarakhand
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Awards [ Recognition to the Institute

Bangalore Regional Centre of [CAR-CIFRI was awarded with
the second prize for the excellent work on implementation of

official language at the centre during the year 2019-20 by the s oo T Al oo ey s A )
Town Official Language Implementation Committee iy s e B et ok £
(TOLIC), Bangalore il it sl e e

s ATE I%}E;%

m —

Dr. Ajoy Saha, Scientist received the best research paper award 2020 by the ICAR-Directorate of Medicinal Aromatic Plants
Research, Anand for the research paper “Saha A, Basak BB, Gajbhiye NA, Kalariya KA, Manivel P (2019), Sustainable
fertilization through co-application of biochar and chemical fertilizers improves yield, quality of Andrographis paniculata and soil
health. Industrial Crops and Products. 140:111607”.

e Dr. B. K. Das, Director, graced the foundation day programme of ICAR-CRIJAF, Barrackpore as the Guest of Honour on 09
February 2021.

e Dr. B. K. Das, Director, delivered a talk on Aqualife vis a vis Anthropocene in Rivers: A holistic management approach is need
of hour in 1" International Conference on River Corridor Research and Management organized by IIT Jammu on 25 February
2021.

e Dr. B. K. Das, Director, delivered the foundation day lecture at College of Fisheries, Assam Agricultural University on o7
March 2021.

e Dr. B. K. Das, Director, attended the virtual UK-India Aquaculture Partnership Meeting on 09 March 2021.

e Dr A. Sinha, Principal Scientist, was invited as an expert in stake holder meeting of Aqua rainbow India Group convened by
Dr. Rajeev Ranjan, Secretary, and Sh. Sagar Mehra, Joint Secretary, Department of Fisheries, Ministry of Fisheries, Animal
Husbandry and Dairying, Government of India on 24 July 2020.

e Dr. A. Sinha, Principal Scientist, acted as Panelist in National level virtual stakeholder consultation "Indian Ornamental
Fisheries 2.0 - The Way Forward" organized by ICAR-CIFA, Bhubaneswar during 22-24 April , 2021.

Promotions

Name & Designation Place of posting Promoted to the post of With Effect from
Shri J. K. Solanki Vadodara Technical Officer 22 May 2018
Shri Vijay Kumar Allahabad Technical Officer 16 Jan 2019
Shri Manabendra Roy Barrackpore Technical Officer 23 Jul 2019
Shri T. K. Halder Barrackpore Sr. Tech. Assistant 12 Aug 2019
Shri Amulya Kakati Barrackpore Technical Assistant 25 May 2020
Shri Rajeev Lal Barrackpore Joint Director (Admn.) & Registrar 06 Jan 2021
Shri Debasis Singha Barrackpore LDC 07 Jan 2021
Shri Prokash Chandra Pramanick Barrackpore LDC 06 May 2021
Shri Probodh Ranjan Mahata Barrackpore LDC 06 May 2021

\
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Superannuations
Name & Designation Last Place of Posting Date of Superannuation
Shri Soumitra Roy, CTO Barrackpore 31 Jan 2021
Shri Amarnath Prasad, SSS Barrackpore 31 Jan 2021
Mrs. Swapna Chattopadhyay Barrackpore 31 Jan 2021
Shri A. V. Danger, SSS Vadodara 28 Feb 2021
Shri T. K. Halder, STA Barrackpore 01 Mar 2021 (Retired voluntarily)
Shri Manabendra Dutta, SSS Barrackpore 31 Mar2021

- [

Mrs. Swapna Chattopadhyay (extrem left) . Shri Soumitra Roy (right) Shri Amarnath Prasad (3" from right)

Meetings & Events

ICAR-CIFRI participated in “Brahmaputra Aamantran Abhiyan” rafting expedition

Guwabhati Regional Centre of the Institute participated in the “Brahmaputra
Aamantran Abhiyan” organized by the Brahmaputra Board, Ministry of Jal S8
Shakti, Govt. of India during December 23,2020 to January 21,2021. The centre &=
took part in rafting expedition from Pashighat, Arunachal Pradesh to Dhubri,
Assam with team members from Indian Institute of Technology Guwabhati,
National Disaster Response Force (NDRF), State Disaster Response Force
(SDRF) and other collaborators. Water quality, soil and aquatic organisms
(mainly fish and shellfish species) were assessed at different stretches of the
river. The Institute also took part in awareness programmes and exhibitions
organized at Pashighat (Arunachal Pradesh), Majuli and Guwahati (Assam) as
part of the expedition and spread the message on “Sustainable fisheries from
river Brahmaputra”.

Brahmaputra Aamantran Abhiyan
Republic Day

The Institute celebrated the 72™ Republic &
Day with great enthusiasm on 26 January,
2021. Dr. B. K. Das, Director unfurled the
tri-colour and paid rich tribute to the nation. §

He remarked that India gained freedom after gl
lot of struggle by the freedom fighters.
Hence, preserving the unity of our nation is
our sacred duty. In his speech, he also

S
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recounted the achievements of [CAR-CIFRI during the last one year. He remarked that a good working atmosphere and team spirit
are the key to success. Some of the staff were awarded with appreciation certificates. All the ICAR-CIFRI staff and their family
members graced the occasion.

Stakeholders' meet for wetland fishers under ICAR-WorldFish
collaborative project :

A stakeholder meet was organised on 21 January 2021 at the Institute under the
ICAR-WorldFish (W-3) collaborative project on “Small scale fisheries in
wetlands for livelihood and nutritional security” for fishermen of Beledanga -
wetland, North 24 Parganas. Dr. B. K. Das, Director, [CAR-CIFRI and PI of _

the project, chaired the meeting. Representatives of the Beledanga Fishermen
Cooperative Society, State fisheries department and the project team attended
the meeting. The objective of the meet was to discuss the problems faced by
the stakeholders in the wetland fisheries enhancement/management and
participatory prioritization of the problems. The scientist-stakeholder
interaction discussed at length the management interventions required to

address individual problems and chalked out an ecosystem-based management plan integrating technological interventions for
fisheries management of the wetland.

Institute Management Committee (IMC) meeting

The 49" meeting of the Institute Management Committee of the institute
= was held at Barrackpore on 10 February 2021. Dr. B. K. Das, Director,
ICAR-CIFRI, Barrackpore chaired the meeting and Shri Rajeev Lal,
1 Joint Director (Admn.) & Registrar served as the Member Secretary.
The other external members namely, Dr. K. K. Krishnani, ICAR-CIFE,
Mumbai; Dr. Vindhya Mohindra, ICAR-NBFGR, Lucknow; Dr.
Akshaya Panigrahi, ICAR-CIBA, Chennai Dr. S. K. Das, Sr Finance &
Accounts Officer, ICAR-NRRI, Cuttack were present on virtual mode.
In addition to these 2 Non-Official Members namely Shri Devmalya
Sarkar and Shri Sanjit Baral were also present. Due to the Covid-19
situation, meeting of the IMC could not be convened in 2020. The
Chairman briefed the members about research and development
activities being carried out in the Institute since last IMC meeting,
overall Institute management and linkages established with other
stakeholders. Several agenda items were discussed.

Workshop on business plan for fishery FPC

A workshop on 'Business plan for fishery FPC' under Assam
Agribusiness and Rural Transformation Project (APART) was
organized by ARIAS Society, Assam in collaboration with ICAR-
CIFRI Regional Centre, Guwahati and Department of Fisheries, Govt.
of Assam on 10 February 2021. Dr. B. K. Bhattacharjya, ICAR-CIFRI

briefed them about the prospects of business in fishery sector. Dr. S. Workshop at ICAR-CIFRI Regional Centre, Guwahati

\
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Sarmabh, Fishery Coordinator, ARIAS Society discussed about the work plan under APART project. Dr. D. Debnath, Sr.
Scientist, ICAR-CIFRI RC, Guwahati discussed about fish feed mill as a business plan in Assam. The workshop
focussed on formation of ten fish farmers producers companies working on different aspects of fisheries business.

Stakeholders meet for GIZ sponsored project on Pong Reservoir

The Institute in association with Deutsche Gesellschaft fiir
Internationale Zusammenarbeit (GIZ) GmbH organized a stakeholder
meeting on 19 February 2021 in virtual mode under the project
'Assessment and management of fisheries resources of Pong Reservoir,
Himachal Pradesh'. The main objective of the meeting was to involve
all the stakeholders of Pong Reservoir in formulating policy for
sustainable fisheries resource extraction from the reservoir. Dr. B. K.
Das, Director, ICAR-CIFRI, and PI of the project presented the
research findings and recommendations for sustainable extraction of
fisheries resources of Pong Reservoir. Mr. Satpal Mehta, Director- i |

cum-Warden of Fisheries, HP and Dr. Kunal Bharat from GIZ, were H!-“'v

also present. During the meeting, important issues like the impact of

tourism on fish production, the impact of migratory birds on fish production, stocking and harvesting policy were
thoroughly discussed. The meeting was attended by more than 50 participants including official staff of DoF, Himachal
Pradesh and the members of 15 Primary Fishermen's Cooperative Societies of Pong Reservoir.

Workshop on Hirakud Reservoir, Odisha

The institute organized a workshop on “Strategic planning for nutritional
security and productivity enhancement in Hirakud Reservoir: An approach to
community mobilization” at Sambalpur, Odisha on 1 March 2021 in
collaboration with a NGO (BANO charitable trust, Odisha) and State fisheries
department, Odisha. The programme was conducted to aware and motivate
the fishers about sustainable reservoir management and its scientific
planning. Around 120 fishermen from 6 different primary fishermen
cooperative societies participated in the workshop. District magistrate, Shree
S. Saxena, IAS graced the program as chief guest. Dr. B. K. Das, Director,
ICAR-CIFRI highlighted the importance of the strategic scientific planning
of the Hirakud reservoir for the sustainable production to fill the gap between
the present production
and its actual potential.
Dr. Das emphasized that ICAR-CIFRI's technologies such as cage and pen,
will play important role for production of advanced fingerling as a suitable
stocking material which can enhance the production of the reservoir. Mr. B. P.
Dwibedy, Deputy Director Fisheries, Govt. of Odisha was also present. Dr. A.
Rashid, Chairman BANO trust, Mr. Satish Kaushlesh, Dr. P. K. Parida, Mr.
Himanshu S. Swain and Mr. Mitesh H. Ramteke were present from CIFRI
side.

Second meeting of Project Review and Steering Group (PRSG) for
the MEAN project

The second meeting of PRSG on “Measuring Endocrine Disrupting

I
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Chemicals (EDC) and Aquatic diagnostics through Bio-Sensory Network with a special reference to Northeast India”
was held on 11 March 2021 at the Institute hgs, Barrackpore through hybrid mode (both oftfline and online) in line with
the COVID-19 protocols. The project is being implemented by C-DAC Kolkata jointly with ICAR-CIFRI and IIT,
Hyderabad. The meeting chaired by PRSG members Prof. Rajib Bandhopadhyay Jadavpur University, Smt. Sunita
Verma, Scientist 'G' and HoD, ESDA, Meit Y, Shri Tara Shanker, Ex Scientist-G, MeitY, Special Invitee. The meeting
was attended by the project team members.

Research Advisory Committee (RAC) meeting

The Research Advisory Committee Meeting for the year 2020-21 of ICAR-
CIFRI was held during 01-02 April, 2021 in both offline and virtual mode.
The Chairman Prof. (Dr.) Baskaran Manimaran attended the meeting
physically while the other RAC Members Dr. K.G. Padmakumar, Dr. Sharad
Kumar Jain and Dr. S. C. Pathak participated in the meeting online. Dr. B. K.
Das, Director of the Institute appraised about the various research and
developmental activities of the Institute highlighting new research initiatives,
COVID Guidelines for fishers/PFCS, high impact publications and
infrastructure development amidst the Pandemic year. Chairman, Prof
Manimaran, in his inaugural remarks appreciated the achievements of CIFRI.
He urged the scientists of the Institute to play a major role in providing
technical guidance and management plans in the context of the ambitious PMMSY and stressed upon the need to focus on ESG
being an apex Institute in natural resource management. The initial remarks by the Chairman and Members of the RAC was
followed by presentation of Action Taken Report by the Member Secretary, RAC. Heads of Divisions, Heads/ In-charges of the
Regional Centres and Stations presented achievements made under different Institute Projects and other activities at their
respective Divisions/Units/Centres. Chairman Prof. Manimaran and other members expressed their satisfaction in the overall
progress and also appreciated various initiatives taken by the Institute. The meeting ended with formal vote of thanks by Dr. A. K.
Das, RAC Member Secretary, ICAR-CIFRI, Barrackpore.

Institute Research Committee (IRC) meeting

*'f:?‘" ) % Institute Research Committee Meeting for the year 2020-21was held
Fvar srysary WAt 45  Juring 17-19 June 2021 at the Institute headquarters both in on-line and
., off-line mode. The meeting was started with a welcome address by Dr.

Arun Pandit, Member Secretary IRC. The IRC mourned to the death of

Dr. B. C. Jha and observed 2 minutes silence in honour of the departed
soul. The Director gave a brief overview of the recent developments in
the research, developments, linkages, and other areas of the Institute. He
requested the staff to do the assigned work from home during lockdown
sincerely to the satisfaction of their respective HoDs. He also instructed
to submit the final reports of all completed projects including externally
funded projects on-time, in good shape, both in digital and in soft copy.
He remarked that since the travel is restricted due to COVID-19, the
pending desktop works along with publications and other in-house jobs may be completed during this time. Following
this Scientists presented their achievements and future work plan. New project proposals were also presented in the

IRC.
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Memorandum of Understanding (MOU) signed

e MoU was signed between ICAR-CIFRI, Barrackpore and West [ o

Bengal University of Animal and Fishery Sciences | "% N e

g 45 |

(WBUAFS), West Bengal, on 27 January, 2021 for Academic ** * Houaf:.gned |
and research collaboration in the field of inland fisheries. oha R ¥

e [CAR-CIFRI inked MoU with Fakir Mohan University,
Balasore, Odisha for academic and research collaboration,
student guidance on 08 February, 2021

e MoU was signed between ICAR-CIFRI, Barrackpore and
Munger University, Bihar on 18 March, 2021 for Academic and
research collaboration in the field of inland fisheries.

Dr. J. K. Jena, DDG, Fisheries and Dr. Pravin Putra, Assistant Director General (Marine Fisheries), [CAR, New Delhi
visited Bangalore Research Centre of I[CAR-CIFRI on 25 February and 20 March, respectively. They interacted with the
scientists of Regional Research Centre of ICAR-CIFRI and ICAR-CIFA and urged to reach to the fish farmers through
implementation of farmer's welfare project.

MoU with Fakir Mohan University

Dr. J. K. Jena, DDG, Fisheries
ICAR, New Delhi (extreme right)

Shri G P. Sharma, Director (Fmance)
ICAR, New Delhi (2nd from right)

E—

Dr. Pravin Putra, ADG (Marine Fisheries)
ICAR, New Delhi (at the Chalr)

[ : 2 AT : g
Dr. Sanjeev Balyan MoS. for Animal Husbandry,
Dairying and Fisheries, Govt. of India (at the middle)
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World Water Day on 22 March 2021
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Scheduled Tribe Component activities

ICAR-CIFRI Kochi Centre demonstrated the culture of pearl spot
(Etroplus suratensis) in CIFRI HDPE pens in Vazhani Dam on 4
January 2021. The fishermen belonging to ST community of Vazhani
Dam Harijan- Girijan Fisheries Co-operative Society participated in the
programme. The fishers were provided with 3 CIFRI HDPE pens, 7500
seeds and 100 kg feed.

Awareness cum demonstration programs were organized on ornamental
fishery at Risia Nilagiri village in Balasore district and Chunakuli,
Damana village in Bhubaneswar, Odisha for the tribal women on 26-27 &8
February 2021. Dr. B. K. Das, Director, ICAR-CIFRI distributed 50 ;
ornamental fish units in those villages in the presence of the members of Rotary club of Bhubaneswar Royal Odisha and Rotary
Club of Bhubaneswar Ekamra Khetra. The women of both the villages were trained on ornamental fish keeping and breeding.

CIFRI HDPE pens, 18 in numbers, were distributed among the tribal
fishers of five districts of Jharkhand namely Ranchi, Hazaribag,
Simdega, Lohardaga, Khunti to support the livelihoods. The fishers of
15 reservoirs, namely, Jharhita, Lotwar, Keradari, Kewal, Karanji,
Jamgani, Hatia, Kanka, Kelagagh, Remrekha, Nandi, Baimari,
Chandlaso, Latarjang Pelol will be benefitted due to this pen material
distribution. Ornamental fish tanks were also distributed among 35
tribal women of the state.

Guwahati
Regional
Centre
distributed 10
coracles and one boat for livelihood improvement of the tribal fishers of
Bamunigaon Beel and Borikadanga and Urpalbeel of Assam on 24
February and 20 March 2021, respectively.

Distribution of coracles to tribal fishers
of Bamunibeel, Kamrup (R) Assam

Training under STC

Four trainings both on-campus as well as off-campus were organized
under STC on the areas like ornamental fishes for livelihood
enhancement and employment generation, reservoir fisheries
management.

I

www.cifri.res.in
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Activities under SCSP

ICAR-CIFRI is continuously striving to uplift the socio-economic conditions of
the SC fishermen in different parts of the country. Under this programme
femonstration of ornamental fish culture, culture based fisheries and pen culture
technology in wetlands and reservoirs were going on in West Bengal and Odisha.
Demonstration of culture based fisheries and seed raising through pen culture
were initiated in reservoirs of Jharkhand.

The institute adopted five
wetlands of Murshidabad
managed by different
Fisherman Co-operative
Societies in collaboration with
KVK, Ramakrishna Mission
Ashram, Sargachhi. A mass awareness programme was conducted on 16 January
2021. More than 150 SC fishers from 5 wetlands participated in the programme
and the fishers were made aware on the pen culture concept and the beneficial
impact of the same. ICAR-CIFRI HDPE pens, fish feed and fish seed were
provided to the fishers for raising the fish seed to the required size for culture
based fisheries in wetlands. Coracles were also provided to the wetland fishers
on this occasion. In each 30,000 fish seeds were released in the pens of all 5
wetlands.

ICAR-CIFRI has also adopted two wetlands, Sindrani and Duma, located in the
border of Bangaladesh in West Bengal for demonstration of pen culture for the
production enhancement in the wetlands. MoU was signed with the officials of
these two wetlands. On 21 February 2021, ICAR-CIFRI conducted a Scientist- |
Fishers interaction in Sindrani
where more than 50 fishers
participated.

- With a target of harvesting _
| additional 30 tons from the |
Sindrani wetland, 60,000 fish
seed were stocked in the pens.
Similarly, 90,000 fish seeds
was stocked in the pens of P
Duma wetland with target of
additional 40-50 ton from the & 8
pen culture demonstration. .
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Swachh Bharat Abhiyan Activities

e

-4 J\I."':

-L-..I]:. .-ﬁ- e
S ey o T 1
Routine swachhta program in the Institute Hqs Ganga Swachhta Pakhwada by Prayagraj Centre during 16-
during the month of April 2021 31 March 2021 along the bank of River Ganga at Prayagraj

T S

Guwahati Regional Centre undertook pledge on swachhta




T SR T TN T Y
IFIRINEW

Vol.25, No.2 TN (January - June 2021)
ISSN : 0972-077 W

Y Aol & INF MRS FE | T T4 & ol B UrRT | SHRS 419

Y Hell AR & vl (G )WWWW?IWWWW%&&MW#WWW?I%W#
SR B &A1 D, FAFRIS = ATE Hell 2021 5 11 71 @ Gi?rfzf?r TUTERT OR A8 1 o T BT Acher] e & Seed W i
SRR HTel oY YhVEIe, H‘IH(iﬁ?ddﬂl‘l$\_rlﬂ$ W%ﬂﬂ%ﬂ # g IR T o NfIe— IS yrad o
qIITG et 3o foie (dans), e \HICMI e, gferd e (SIa) 3R e
fmrrﬁrwmﬁusmsﬂwﬂmfﬁwm HH3L: 7.33 UrdICH 96W2132ﬁ?ﬁwqﬁraﬁsﬁ?5511ﬁ?ﬁw ol 9.1 3R
9.43, 363 S TR FEMIER 3R 643 uS 1 YR, 10 AT 3R 7.2 e, 148 HIONCH 30K 156 HHCH <ot fy M0 | A B
ﬁ'ééwﬁWW%W@?WWﬁ@Wma?WWﬁEﬁwﬁwﬁwmé|&Hzﬁﬂfﬁﬁﬁﬂwﬁ,
At & dig o Srredd, Wids der B GRET uer N Sfod g Surt § Wl J Fgu & S W Bl o fhar o
W?IWWﬁwﬁﬁwﬁﬁiﬁmﬂﬁ%ﬁw@?wdiﬁmd¢ﬂ YHTG B FH R & forg [
SARHRUI SR AT & e J8TR FHIY 95 NIS & |

€l U, 37, 3[99R 3TeM, Sikis BAR, dl. AR, SR, AT wil, Fa @, fasr HaR, elier a4 ok Rigor™ a9
fITHR, IR I # T T8 & FF TS ¥ TSI AR ATl RN A (FFGRGA 7v), 2fiec, 1822 HT U™l ST

A1 2021 & SR T ! S FeY WS W T HSY O {AfGETT HeTor § 97 SMBR DY 77T (T STHR Bl cldlg —
28,5 T 3R Gl INIR 9R — 152 UTH) HBell Dl &of fohalT, Gﬁéﬁaﬁﬁéwﬁmaﬁw ST € | ST IR0 Uael URRITS
< SI¥ AR, gITela ], JIiwar R FuTel § <y T o7 | ASAIT S folve & m%w 39 UG & SR W B e el
2 | T8 TR SRR TR H16T Wi &3 3 ¥ G S} G I aTell w1t ¥ A R € | U8 TH # Warend € Sik e e
FHAODIY, Brs, 3R I SIerad] DI Tefl & | B 3R 37 qoell S § Suerel Hfelbd ABR 24.5 W & | T
T RISFIR, SR SR A T ) 7 Rapre el 8 |

R Tel¥, G 1, Silds HAR, by, AR, SR, Td. TH. o, el BAR a4, Falu HAR s, Ras a4i,
W s 3k . @, 3

I T FEIYH T4l DI A T SR S WRET BT D

Wﬁ%aﬁmﬁrﬁuﬂa} @ foTU TR 2019 ¥ BRAY], 2020 TH Ve A [T AT | 39 eI H 3 B
B ST gl H Tbe! T 17 BiFell I 22 TSIl 3 HaOId del 29 H FSTICrl $I ol
f%ﬁmﬂmlsﬂﬁwm?ﬁ el (27,58 erd) <o B L | TG 1S SRS (1036 yfereTel) I=ire (10.35 TSr),
ACHHIfTS (6.90 ) SX 37 (346 W¥I) < U | AEIHIT & SRR, Uh IS (Fer7RF¥ ATR) D1 Gemid T, 2
YT T AU, 3R 24 FSIINTAl B 4 Hebe ¥ & eI N1 oI Hebell @ | el 2 TSIl & G H Aol bR AT Tal
8l W%Nﬁﬂ'cmafﬁqumﬁﬁawmﬁrﬁﬁmmﬁnﬁ‘mmmwﬁwﬁm?ﬂ T ge e
3R ot gt off | gefify T 4 7S & SIufeleh ST, W] BT e ST, Fquel, Aaaiid TffaTeRI & IRor e B
A FoTIfer fafderm gfdee AR TR FMIfdd 88 | gwfer, 39 SiefEis T TS AR XeTe Fel Yokl & WRe & for
HOYH, e T3, et ST 3R Aesti=iel Tiaforal o qew ot fafaer ol oot @ oo o1 e fean |

<IfT S, 1 &, MEEN, T SIS, <L . fdder e, TE. v, R9ET oIk L @, g
T EBIG—IANG [elIb & AR STQ e § URT Uy as fAfdudr o Joam

SRR SO & e § arfoifvady iqe SR 197 Pl SATSTE! ¥ ol BT Sfeild Jorell W Fiddel F41q ISl &, o T
IR FidT 7 {999 & | $9 forY v T SIReA Jeariane Hisel GTIRIT TR & FTRIhT Se 7 Ueh AfIeb—veieh AT R Alare

\




o ———

1IFRINEW

(January - June 2021) Vol.25, No.2 oD
~3F  ISSN : 0972-0774 ‘Q{”
3R rdl B AT S HROT UIGUHd (AT TR TS EM-HIR JHal Bl el SR © | 3 39 (70, Ui
(https%//doi-org/10-1371/ journal-pone-0221451) H Udh JIINH SAldgl BT TN [hAT AT AT | TH FIIA - T J0T qRINTIT
SRS TS (IR e Hiee & SR W UIeuteldd (e & THar Bl U T el AR Y AT WUl HaT fddr
& | Tl IR & SR R YIeueiad [Af9edl W e SR Aal ol JATarellel & IRV Agcaqol JHTg $I fidhell (bl 8 3R T
G A JHTTdT FSIdT Bl Uea Bl o— BIIAINT [T TG etive, U, Ve " HEIHINT, BITITSYH,
IR, RISwHRT 3R ARG | SRTfad Gl = HidTes JIfde qrguterdd fAfderd] & JHar Bl §8 Uggdil
3T R 3T & — Oi¥, AepT W SR STel &1 Juraril H (A=elT & SR qrauterad (e 3 31.44 HRRId JHE Bl Gl o |
3T TGy WIddh (AT & I dTel 1 &I bl oIl el © Ale STHTT H & | G Udh ol & SieRTel b fo1g SR AR UR A1ai
@ JATaTSTE! DI USRI HT, TTet Hae 3R UTeuterdds |RET0T oiel XU bl AYRIT I |

Ao TR, M S AR, UE. &, 915 3R YU TIR1S
THET T WER WIR 99 B o &7 § 70 e dfider AR el RRefas! @ fory waieriiy yare @1 g

T 7S] %1 G0 YR R i WRER MR T Igoesiy e 8, fORyep! Tiarviiy Sifeerdreli & BT f93d R IR 21ud o 3
feremR—fawrs febam T & | Sfedrare = <1 IR erel], Hrafsar AR ToeTeR @ 11 fbd] IR 4 Suered TRRfH! 3R e ref
3B DI ORI 7T | 3 JFETAT H YAIARITY HATE & Sfidherd & folY HEIR U, /¥ /¥ el 1 1 T | HEHR & foft JaTe
TERTS QIR I S JMTALIHAT B M H G Y I8 <1 T o Ta—Hfrerd qaierviig Jarg # 41 HeRiR @ foTg Sfaedd yaTg o
P I T8l oIl el | TEVTg AR I b MR W A8l & (0T STef B! ATaLIHe Bl S ST T T | IS EUIRIRRID
& ¥ gafeReiiy e & A qd S (PR ¥ ) B SR 2964 FYNDY A R (I[GCI H SIFN]) B ST 12542
FIHDHY A B IR (S W RIcaR) H 14062 FJHD Slcd I TATGRUIY HaT8 & U 4 418 & (el [ H BIST ol Fhal @ |

U ®. 9E 3R 3. &. 39
Tgell R S T¢I | UK UBTS! ERT B YAl A%l Fonfadl @ SR iR fher Ut o HrIfHSar B Mol

T D Ve T eI 4], T Tal Uh IREARI! [eATerdl T4l &, Sl 20,720 BIT (6,315 HIeR) Hd a0 TR 4 Maverd! &
CIRgERIE 3R faeel SHT Al TSIl a7 BRal © | el ToTcrdl & IR A1 & Uga a1 & folv 7a] & U
BRI TR 60 HIMATE Bl ea” AR STeAldeld URASHT & JRATIId d1er TR Yeb Sfiel Dl TS | | 579 & QRT, Tgell IR UTel Fg Srarl
Aol YSTIal Pl gl (hdT 1 A1 g %aﬁﬁwﬁaﬁﬁ(ﬁw)w) RBOTIRINTRT TS (A1 HIgee) Iuu)
RBTIINGT ASIIEHT (FR ) U31) WA ST (STSH gI8e) 3R 31) SIS 777@%%3?%2?2? ER|
Toferdl @ ISl & SIFTHT AN & o1y & fory, 3MNIaH 50 AOferdl ®l SI—aR 25 fAH] SMERITaR— BIR)
R B TS | <1 HEN BT Al H B 19 3R XS] SIS D AR TBferdl Bl T ¥l @ 5.5 fobwl Su) & A UebgT T | U <N
TSI & TRITST el H 37 TSIl & FATHA & ATI—1 ATATHII YA IT YHSIST AT Dl 370 HueT 2 |

fd. ®. T, T &. 915, AR <. @, A0

feaTerdl Q1 # qeoia Al 7, SIRaaiad 3R SRdaldIed bl Ul o

ied TR SR S E TINT H o arel uerlt § SURIT SARIA! @7 STelld aTaraRe] H ST 81 @1 JAfSd FHIGHT Bl © | 39
AR | UIRReIfa! 3R @rer FRel W Tfidhel JHTd S Johd & | STedales (TCSW (TCc) <1 Rigfes wiferd
ARIE € RTFHT ST AR W &g Aled Tl iR fd STIRT fhy ST dTet [ foa 97T 2 | S99 forv aRer Ta |
AT, 39 Herdiage fAemge— A—CIIE) QIR SR & SisaT T ey fdhar a7 | Sidrerde SIgd @
HiGT STet 3R ASell H1 # SRIRAT ¥ Aferds Url) 7Y | Tl ® S &R SRR T waR (iRa s ¥ ffties urm 17 | woelt
4 CIRITH AiGar (91.1—589 AIghIUM Ul foum) +ff SRARAT (29.1—285.5 ATSehIUM U fowa) &1 et 4 oS off | fAemsd &
SHAHRT ¥ Hi— SRATCH 9T &, 98 il H -Tel UTal ST, woforl H YTl ST & | <M1 ATl & [9%elyor # ra 7 fb
Tefordl ¥ Aeg SRITH 3k SRIRN @ FigaT &7 WR A19d ST & forg B aRS 21 8 | e Getrore § IR gV g et

E— Ty




e r——

 ENCE SR I T s

IFIRINEW

Kt Vol.25, No.2 AN (January - June 2021)
SIS 0972:0774 (SR

ﬁﬁ?ﬁﬁﬂ&%@gﬁ@ﬁﬁ?&ﬁ:ﬁ&%ﬁwaiw SR BRI & oy STIRT 8 T [T STl
TR T3 H SR UGU! BT AIBIE e IR HIUT H 4 ST 3R |

AT N TR, AR HAR 1T, Sidar HANI, HAT Argl, e qeluredrd AR Hgwe GArger
ARA & FTCAl—Adel o ¥ SFSTT BRI, TCTINTW $/SPHW Jorw, 1964 HT URIT ST

31T HITIHST BT o THAT AW 2021 B IR 10 H 12 HIR Bl Ty W BTl JaRi AT H 34 USAINrd] & A1 Udhs]
T | $%7 Ol 1 oidTg 97.87 AT SIR I 33.48 UTH 1| ST BT, TSIV $/SP¥ oreT 1964 TSNS Hifedl
(311X ABIDIT) B TGl TSTIT & S 0 U | 999 & T T SUIGICaed 3R SUIWIGhICae FeIRI 3R FHa1 H
el T H T8 IR @ | IR 37 b, FTel—HKIeTs Gl JvTTell 6 Hoall 3 SUAI &l BI5 Rebls UK el © | ST BiTihe
8 HERITR 3R e FARATNG Sfel (Febrdi Bl Yol qYa! ToTIfel & | 9 TS bl Ueel Ui¥edl fie FeTerTR, Gl bia, 3 3R

P WIS, AT ARG MR SMefdpT, SR | A B WIE! Tt T 7 € | $HBT INR G- < T 81T & | 9l
4 el o1 TEX N 31 B ATRA 2] © | 9 QT BT 1 YTl S1raT Uil <1 1 81el] & R a1 31 <01 X 01 & SARied]
%*lWg%%mwmémwmﬁﬁ@?ﬁﬁlwﬁuwgmzﬁw,éﬂﬁﬁﬁwwmmww

[GqTeR ¥eh, YOI &. #=T, |l UA. ARR, Mg #od, TH. |Hdl 3R 4. &, I
TRl Ihald I & SRV ARG GG ¥ olew Poplemy o e auferl ik it o Sucemm

WA & SNSAT H i 26 7S 2021 TG Fharch! qwH, I A TR o | @7 3 BIF & RV, UReM 1A B
ETgR, IR IR IR0 24 TRIAT & TG (Tl H 7ot TR B! 46 A1 AT | §64 &1 & Wi, qreimdl, BR1 3Mfe § TRI Sl
T | T &A1 & dTeldl | A4S Il Bl ABferd] $l g9 UM TR J B SR RAHIG AR bl 4RI 31l T gail | el

| Ueh HAE0T ¥ Ul 9 b HRAR GaRa D D gIu idl GraTel], TR, TR YT 3M1fe ey &3 H @
& JIU | HY BT H] THA 3T | A G & Tl A1 (G & dleldl § 980 IR T Hop/ BT (Hehl qoell) B dIof
W|W%ﬁﬁ&ﬁ6ﬁﬁﬁ%ﬂ%ﬁwﬁmwsﬁwﬁ (wﬁaw@ﬁfra%wﬁww%‘)ﬁmﬁaﬁmmﬁ
4157 . 4.00—15.00 Teb 99T AT | 31 HCh! HGell & A1 ST, HSTH/ 727w THUI! I IUererd | 11 g gof 61 7 | 91 & @
3R Teldl H auiid Sl & Ha%T | Wl qSell MR AT B At AR faer & oy sFjad darimaryT dR & T | Hed!
qBel B o Ao GUE A R T A B U BB 1 B W (8, TRde, [, ) W g €, o 918 ® BRu
IIE Heheua Refa & 9 |

AR, . 7, feaTax Weh, MG Ao, AT UH. TRR, TH. |Md 3R . &. 39
el 99 HiS(oiT SR B IR 1] hefhel 3R [IAfr sTermer aRRerfaa! 43 o @axt

QTEl 99 HSfelTT IV §RT el H HRIYST ST UINRIfTa! 3 & @l 99 W INFIBIHd FI7#e (e sk
FATRIRT TNHO7e (It IMd 21 hefthen) Tefdl & TRRURS FH1al o STid foar T off | SRl & arers fofet # Rerd a7
STClTT UTer SRR Heed Ue & forg & T SHST [0 1979 H el 1250 BICIR &3 H (b1 T FTHhT e 9000
TICIR &7 Dl RITE H1 o1 | S99 HoToiel & faeiel 3, FIav) Sord, IR AoR 1Y, Rifaerss, iRt 3R defther Aeferl &
UTef fhaT STl & | 399 STl & @Tel 99 A)eT Ud SRl aledl @ 3K 397 fSdel sidl & 9% © | Siftha YaTe {9919 ®Y 3 Ugel 4
Sifthes TR ¥ oIl | SItheh ¥R 2 W Ciftheh TR 5 T TRTg 3Tl B [o1Q SATAIARYT & 17.0 T2, 8.5 HITeId 3R 21.4 Hfrerd
ofT 1T SR 14,53 FITEI S5 5T | Ao U bl 31N SIltheh WIR 2.80 AT | 371, AIFIFH¥ SR ). INIOTH ] D J1d Dl
FEtRT &R & fofy MR Sifthes I¥Ta &1 fReiyoT fovan TR | $ TS @ SR 3Tl Hefthel Ud FaigR] Heell & a2l HIer
TR DI FGRT SR AR 7 | I8 STATRR & A1 ABTerd] Bl @Il & [T ST STelTeRy I Ho UTeid W Hifiehel JHTd Ul
2 | afipivra: feh wrer Fuferii B gie v Tl ¥ dEaR BId &, W 9k WUl € B G Sele B uid e TR

\

575,

xal,
S

43

1




1IFRINEW

(January - June 2021) Heeh Vol.25, No.2
REISSN - 0972-077

quwwélﬁwmﬁmﬁﬁ@wﬁwaﬁqwmﬁﬁwaﬁ?w@
uwf%ﬁ[a%wgﬁwwmwiwzﬁmwgm qh-ID] DI WISl BT, TR TRRAMTST TF & WReT Bl g9V Y& & foru
YT ATIRID & |

A, RIS g, et uitraase, R Al T, SR [ISIGAR, T4 &,
AR Siftheh Yaaia Aise & STTRINT W WA & IWIHICIE WG STelTRRl BT Sl auiidheol

W@ﬁ?w—wmﬁdmmﬁuawwwﬁm@ AR (ferTg) SR &l (@ice) ¥ faff= Sifthe
ADID, B (1977) (TSI,.,), Trerel (1990) (TSI, (2004) (TSI, , aﬁwﬁ»’r(zms) (TSIT,) H%W%#;Tlﬁ)—cm%‘dséw
oI T Y 3R U i Qe foham 7 | I8 TN & [ GATHD HISol 3T TIEI ST &
fafi= ;ﬂ‘ﬁﬁﬁ TAHRT B f%m \wgrb g | BT (1977) 3R cloel @ Sifthey we gSa W AT U T STelrerdi @ cifthed
EWWWGT@?ET g I8 A DI @ ARG A & HRY 8 G & Ol SWIBICIEI STelld Homedl
UICUwIad JIAMN & qoTd TBIES e 9 AfeIdh 6T © | drorad gsad df TRiiareT 3iiet & forg famRia foar o,
Sl SUHICTHNT TefTerd & $ed Zifthr WX T fowd @ 3R I8 ST el diell 3R STefrerdl & fore Sy el & 9] ¢ |
cww AR 8] Sl GABID! T AHAR Waweﬁ BT T STetrerdl bl e cifthen araeeyt 4 aifiepe febarm &, adlife 5@ clfthep
SR Y U A wrﬁ:f%w eI foraT T & TR ST ICadIa STelrerdl bl Sifthe ReIfcl 1 Wel SFIHM TN ST 6 | g
a%@qﬁﬂﬂﬁfﬁsﬂwwwﬁﬁﬁémmmledndl?%WWWE%WH%WHMW%@MMEﬁﬁw
ST ST I GAPID E TTGEh T ﬁwﬁ%mwﬁﬁmﬂaﬁaﬁﬁwmﬁaﬁaﬁmma%w
ST T & | $W[eTY, SUThICady STeerdl W At A & AW Y SIfthds 58 qAGID] & [ABN W & dfod Bl
MIYRIE &, o 3 wTfad AT SReT W IR fn o1 9 |

31T WTET, Wi forareny, 11T a1, Uel,, it 1. o, e A1l U, g, &, RO, 3iR 4. 3. <4
I GRT HE G¥ & 01T e[ H S-SR SR & ARIH ¥ HAIIan! gig & T

T Y & TNdeigeld, SdgTR Siie], MUTHNR SR ahuTerR Sidt A IR SATSHH H 39T by 7Y SR IcuTe e
sﬁvwwqﬁg?ﬁrwaﬂﬁzﬁmmwmwlwmﬁﬁ%4|n'a'q*|¢ et (307 BaCIR) T IR @ faftsar
T S UE A ?gFIT MM T | ISR Sl (190 2R, FUTANR (240 FF), AR AU A (185 AR
Wq%r?wﬁﬂﬁm Wﬁi% QTS & & I futel  Rerd % 2 T AT TRDPR & TTfied | € 3R

& HIETH ¥ AEIR] HedNI PI T | & fo1g g TR ﬁﬁ |Wﬁﬂﬂﬂ§maﬁwwwﬁm‘ﬁﬁﬁz =3
AR ST AoR 1Y @ a7 c'ICbI\HI ol Husw ERIIRE R RES RN (50 80 TfCIeTeT) T A UTele H e Agcayyi
INTSH & SR $0S d1% |§ﬂ1§3ﬁ?m?ﬁﬂﬁ=ﬁaﬁ 4 ORI [T ST & | ASell Searad
@ forg AT SmayfH Eﬁwaﬂqwgﬂw frtrrﬁmi|Wﬁm—@€m@ﬁ$wuww;ummwwmm52
67— 54.77 & 14l T 3R T MM a?cﬁa‘?r SiftrendT <&l TS | Mg el § SHfeinad Rafe & @ 7ol Jorfaat o1
SRR 16 ¥ 23 T Ul T | Wl Fomferdl ¥ MG Siiet W el 12 FOMferdl, QR Sl 9 13 Forferd, FUdErR 9 5
Wﬁmaﬁwﬁfﬁwmowﬁmmmm aﬂa(sﬁzﬂﬁ’a:ﬁf ZSWW@WW)GGTWWIW
Sl &1 el T AT | HprhIged TR Y| 3 MY § Fa¥ AeH Hhhge Foiradl,
gIeTEIIcT o | 78l ®I U 100— 3oomﬁmqﬁaﬁ$3ﬁﬂwﬁrﬁusﬁmﬁﬁﬁﬁﬁwmwﬁrmﬁ?w
g 3nfe S e TGl & e 9 Heel ST Sl IgH B 9gd GHIGA & |

AT T, . 3R, STHR, AR AT, Sildis BAR, 4677 HAR 3R T, 6. T
AT BT, &1 T2 1 et UTer: S 4 fUoR o Wevel! e &I \a1aa1

R ST —fUoRi (9T fooRT RITH: 5 x 5 x 2 &9 Hex) H Udhel UTeld WVITell & T8d <aal (hel ScIed @ o0 offJar 7T
b BTN & b B B AHITT IR B fo17 IRTH & Gl TGP HeTHI 8171, AN it H UG 5 HBell Gref ol FarT

R ———




e r——

 ENCE SR I T s

IFIRINEW

‘ Q (January - June 2021)

g Vol.25, No.2 6
N ’ ISSN : 0972 0774 tet

WWWWW|EW1#WW(@WW754W 3IRAT GoT 4.48 TTH) B SATIDBIA BT U ST T—3TelT
BT °Ted TR A (o TIT | URTAT = a8 Hand (< foh Soacd ovicd UR H9ell &l fabre TG B AT 3R T TH
g dlell 78Tl BT faer Fa¥ 31ftd <w@r T | f[adRid IRR &1 gord, ot 9o @ e, faRme f[qan <) &R 7ol @
TS TR ST 20, 30 31 40 S{FAHT U B AR U R A 4foxey e &1 o7 ({1 > 0.05) | ETeAifes, S ARITAIR TR 40
Sfforeht Tl B Aiey (83.96 febym Tl fUSRT) & e Teied UR W7 febaT 1T o | 3A1ffeh farwerwor 4 wefT =refl 8 fb 40 3fTferent i
1 HICX & FErgH °icd IR 4141 3TUT eI (1.68) T | S¥IIY, 3174 & dicil # fURI | G981 SR B Uel M-I & ScUIa b
feTg 40 3fforen wftY 81 Hiex & Hard O-Icd I SETH AT o el |

U9 T, 9. &, 319, T, ATTDIhUH, ST, a1, U. B, Ired, T, T, U, I, &1 1. ¥, U Brebrdl 3R 91, &, IS
HOTGR Sl AT H I TN T ARdl U U BT FSWTg: b TS T PRI

TICHTATE (NMHS) TRESTT & e AforgR a1y e # 9199 & B 9 T Re—Ta<idE =e U9 &1 ST ue
qm-ﬂﬂﬂbcqu\qchHu|c4~1$1%mﬁv‘mﬂm|ﬂmfr ) & SR UIE | Wfel %R H gl & PR U § Q1 U1 AR A
3R U g AT | U S I g9 Wﬁ?ﬁ &W@ﬂ? gdm&msmlazﬁwﬁﬂﬁsﬁéwmwzﬁ

Wﬁéﬁgﬁﬁﬁw( )EﬁWﬁWﬁvﬁaﬂFﬁaﬁaﬁ

BIER
ﬂzﬁasﬁ?éﬁgﬁﬁﬁrﬁaﬁmlmggg
RECH

TSNS ST, B, SRR 3R TR BT SUINT eab &1 ATk U & (68 HIeR 31 74 #ex &7 arefl) 91 77 o | U
ﬁmﬁ%@(ﬁ‘aﬁ%w@rﬁﬁwﬂaﬁﬁ?wwwaws%%Eﬁﬁﬁaﬁwmsﬁ?mens‘ﬁ'c'tﬁ'cﬁwﬁ
T | 31 R Bl Al TABE H T 7 | STl Bl SAR B HaTs g aTﬁ?aTﬁ%T?ﬁﬂéﬁﬂﬁwwﬁqﬁﬁﬁw
1 U EREAT SR R T | T 6 WIT B ST W BAS! Pl e & forg Wmﬂmﬁﬁmwmﬁﬁﬁﬁwsﬁ
el | U1 | ®1Y @1 6 Il — el (effaar &), g (effadar W?m‘ BV 4//5*/3{/5601/)3%
Wﬁﬂwaﬁﬁﬁf)aﬁ‘raﬁw eﬁ?ﬁ-lwaﬂﬁ(gwu? @ T Aol Ui ot

T D X WW|W5W$W$WWW$WJ# (180%)@%’%%{1@%33%%
T B (1.20 f7), 15 (0.95 fo9m), F (0.70 o), Ryear 1d (0.65 faam) SR ittt (0.52 fa9) BT XA T&T | ATHIA JRINT 9 9.

03 o3I a7 Ao IcTaT HTel g |

1. &, geTad, U, ATHIRTH, ST, g1, T, . U9, 319 3R . 1. 3
TN ¥ GETRITeS SR gTaTsider o oia SuererT, GRem 3R Fari @t

QARSI ET39IITeA, {1 AR W U del ol &, URITS <9 # drerdl, col, TUoRT afe # @maed w9 9 drelt
ST & 390 ScTed & Gl dRad el HY Icared | 2 Ufaed &l ARG & | Terlcd AfRicergiderd (erR)
U W dT S HBTeRl & | & SUAR @ oIy STINT fhal STl 8 | BT # SNSRAT @l Sid SUeTerdl, JRET 3R
PRI 3rafd T fReiRa B & foru ﬁmwmmﬁﬁwqéﬂa@ﬁwaﬁwmﬁwsoﬁ?ﬁwmﬁﬂ | 3T IR
T 7T | R 39 GNP B 714 GG T A< 590 (R 1o § 510 T 1 foam i o gt Ao ;@W@ﬁ
BIGRe Y419 TS 8, TR a1 5 <1 | G 18 8] I8 G I 8 Sl & | BTefiich, 39 1aT Pl g | 31eqal
mﬁmmaﬁwé&w%%%@wﬁﬁaﬁwﬁwm1Wﬁﬁwwﬁw%sﬁ?wﬂmﬁmmqm
%ﬁﬁﬁawwﬁq@ﬂwﬁlwﬁwﬁmﬁﬁa%wﬁwaﬁmwwﬁmm T & | T 10 foAT dB
TR R @ 915 I8 <] 77 fob AT Tebrayal Aol & A1 H feiRe 413 & el ﬁ & | W1 B, 7Tl & oflar 3R
feb+11 # AT B 31fereh AT H SHIG 81 & HRVT STHIHT GRell & fof I8 GRIG dacl 4 Eﬁméﬁwﬁﬁaﬁm‘cﬁ%‘l

T, B, T, T. . §¥7, 3R, 901 3R U, T
S DIABIT Aol S TAT YoTel G4 B OIel § HISshIIca™ Tyl

S PIADIT Aol D eI H I8 < 7T & fob ¥ H Salied gl dlet JURTE Sel H YR <fed TR W] A5 4 8 Sl
3. mﬂiﬁzﬁwuwﬁﬂmﬁﬁ@mzﬁaaaﬁ@ﬁw%|W%m&r@wﬁso%msnzmqﬁaﬁam

T ——

%




o ———

IFIRINEW , -
(January - June 2021) f Vol.25, No.2

g ISSN - 0972-0774 5

el | 3R 1108.78 W 34612.87 AT Hf fHeAlIH Tefee H UKIT STl & | FTefiih SATRH[H B STeTT—AeHT TTeal Bl Jeiell |
BT R BH 1T AT © (7.87  20.39 Tcd Tl oflc Ae] ofel 3iR 2124.84 ¥ 6886.76 cd Wil fhell¥m deroe #) |

Tl B T (AT AfBTT, TeT. FTeT ToT, Bererr e ¥ fAfie 11 3R QMPR & YewlRed Ted uTg 1Y | T AT Iy 7271
fep TeTET STl R §Y QAT <Icd HOell & UT H U[Y S dlet HISshIwNC e DI AT S J99 SR & | TS 3 JeqTT
PITHIAT TR TfeTdhT GRT Aalfeld STel SUAR 4, Tefdl H H b1 T o7 | 9 STel SYAR |4 H 7 71 ¥ ST Tl ATl ©
ST FewetTRe e T Bl |igdT 17.88 T i @ik UrdT 137 8 | 39 Sl 4 QEAlNed Tcd & MR U4 AR 2RI, ek
3R A e # Hafd AgshieRed ST 63 HiaeId 85 Hferd IR Y | He A Uy S dTel GETliRe

i # Ufeligegei TXwrele iR Ufelisgeie & W1l Udh T RIS JaR & S H BIEa iR fhed & Tos o | v &

39 T Bl dRad FTHY IR §RT A WK g & G I8 [IeTRad dqusl IR SUele 2 : hitps%//doi-org/10-1016/j-
jhazmat-2021-125347

gsl\fqli?l IXNOR, HMHT TN R, g DHR i
URE S @ A6 HI STRH{A B ABell U IR UIeH TETRT ARl BT TH1a

e STl o ARITel aTgdpet HaTHl JTefH STaHH T (42,500 FFCIR) BT SUINT A UTeld gl IR STt depT GReT & forg
fepaIT T @ | BTenifes, fafr=T smsf # urer AR DI FTaiTerdl F=1—= BIl & | 59 |aw o, ul¥ed el & (A=
TG A FOEll UG HT A [T T | I B 21 AGHA HaHT e B Nbg] B (LelgoT H TaT Fell © fob Urer STenRa
D! BT ST & HIRT AT 1083 FoIT ARt IR UfT a9 Aol SUS ATt Il @ | IR STe H ST ol o el
ST TR QMNTA JUT (400 fHaT T Taca Ui ) < oifives UTg 7€ 8 | S SMe{H oF IUST 97 & 4745 foa Ufy 2aeaR wfa af
& drg urdt Y der 7ol # SR | W Al M W IfhaH SuS W 1 TS | Gl 3iraT AN B | Gl
AT (864 faburT TIfar qfcl qu) I G H 9 A (1165 TebIT Uf gFCIR T qu) H i Hevell Ul A0 1 | Freredl
T @1 A | TRA—aRHT IRFA B el H ARG Al ScTe BT 7 | Y HA AT FHRT Ao | G
ARG T DT AT G @ fofl UTer TR ATfoRIa! I STARIT o1 Fhel 2 |

0. I, 3, &, ARPR, (erATAHNSAT, A HANI 3R fd, B, T
Tetary fawieTia & Hew W qdi /NG & S1edhd HalFl s[4 BT AT Hb—|HRIe qRad T fageryor

SISATSUE JUBRYT Bl JUIRT e §Y Yl ARG & i A16Gd HaIH1 (T, HIFRT AR 1) H WTfie—dmM e aRecd-
el ITIT T | ¥ 2000 T o= H 2017 H ALV oY 7T JMSH BT PR () H 37.20—57.68 FI2Id HH & TT €, A
A @ R 3R BT TETE H HHI 3TS T | T 1985 T 2018 & NSl B (4L & FTAR TY 2018 & IR ST & H
3 qraeT (1.9 fS3T Afowtar) oilR aui fawTir (—698.1 fFfY) @ WATeT STefarg M YRacTeierdl &f Havd fAefa & | fUrasis dikeras
<1 Al IUTGH IR STefarg HIIG S| @ SR, HSell IcdTa IR STerarg URad H e Hae iy [ |

fAreer, O, Sfl. deice, fRIyaaeasaT, a1 ST HIY, g, &, TRHR
TBfeRI & Yo R FAetarg—idt fa= o J1a

Wm%ﬁWﬁmﬁwWﬁ%wﬁaﬁ%aﬁ?m P e TTd 31 TR & gl
© | U §TTTel o TR STeH (FRT, HIART, /a1 3R TAR) 3 Ul U T AT JSTid, Tecf I BYITIS 1ot B Joi &l
m—ﬂ%mmmamﬁww%ﬁswwwﬁﬁwﬁvw@mwﬁaﬁw@wwﬁaﬁ%ﬁ%lw

qd e qra (22-33 S fewasd) iR auf (0800 ) # 01 (UM UG YaReT BT 4AIY Y& & | A dqefd
ATTHA—a97 (0.05—0.08 TSUT AfexTIv 3R —38.74-73.42 ) St Al qGell B TGS T DIy Gl Tel § | 3Hd INK
@1 IR 3.2-3.4 941 SIHINT &1 T8 © gAY 5-30 A STl el STl W ASeH TS Ao SofTfrdl ol Tedm HF il off
TEI & | 3FC: STIel(og BT =IAdH JMHR 32—34 41 841 A1V Forsy A Auforlt (i iR A1 SR qab iferd 8l 9 |

q. B, TER, S, Ficd, Mad, 01, T4 HANI, T4, 9=, &l 9 919 3R 9. &, 39

I —

1

s
=]




