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EDITORIAL PEN 

 

It is our great pleasure to put forward fourth volume of SONSIK JOURNAL as a regular 

academic publication of SONSIK. The Journal was launched as a SONSIK Souvenir in 2009 and 

was later renamed as SONSIK JOURNAL in 2011. It is an attempt to explore the scientific and 

socio-economic researches that have been performed by various research groups around the 

globe, particularly in South Korea and Nepal. SONSIK JOURNAL with its fourth year of 

publication has become a venue for the publication of basic and applied research. This issue has 

covered the articles mostly from Nepal (more than 60 %) while rest of the articles is from South 

Korea and other countries.  

This volume has very carefully put together a range of articles ranging from biological science, 

material science and geology to social science including literature, mainly focusing on 

agriculture and environment. The invited article “Honeybees of Nepal: diversity, beekeeping, and 

medical applications of bee products” definitely provides an overview of beekeeping in Nepal, 

its importance and possible role in economic development of Nepal.  

As per our schedule, we will be publishing new articles of different fields in two separate issues 

per year. We, at this stage, are happy to inform our readers that SONSIK JOURNAL Editorial 

Board will launch a separate website for the online journal publication so that authors can submit 

their manuscripts online anytime in the year. More editors with different expertises will be 

appointed in order to incorporate more diverse articles. 

Finally, we sincerely thank all the enthusiastic contributors of articles for choosing our journal to 

publish their research works. Specially, we would like to thank Dr. Ratna Thapa for his “invited 

Article”. They are the real supporters and a key factor in the steady progress of this journal. We 

also would like to thank our peer-reviewers who contributed their time to review the manuscripts 

and for their valuable suggestions. We also would like to thank NIIED the sponsorship to print 

out the journal and hope to continue such contribution in future to make it a live and active. 
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Editorial Board 
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Abstract  

Nepal is rich in honeybee species and genetic diversity of honeybees. Four out of eight 

species of Asian honeybees, Apis laboriosa, A. dorsata, A. florea, and A. cerana, are native to 

Nepal. A. laboriosa, A. dorsata, and A. florea are single comb species whereas A. cerana is a 

multicombs species. Three subspecies of A. cerana, viz A. cerana cerana, A. cerana himalaya, 

and A. cerana indica, are colonized in different geographic climates of Nepal. Beekeeping is 

non-land based farming system, and practiced in log, wall, and modern hives. The native 

honeybee enemies are Vespa velutina, V. tropica, and V. magnifica. V. magnifica, the largest 

Vespa in the world, causes a serious damage to bees and beekeepers in Nepal. Three native 

Himalayan honeybee mites, viz Varroa underwoodi, Varroa destructor, and Tropilaelaps 

clareae, first time discovered from Nepal, are parasitic mites of different species of 

honeybees. Bee products such as honey, pollen, and propolis are main sources of income 

generation of beekeepers. These bee products have vital pharmacological properties. Honey 

has antibacterial properties, and due to its hygroscopic nature, honey can dehydrate the 

burning skin, and kill wound bacteria. Pollens can stimulate the liver functions and helps in 

protein metabolism. Propolis has antibacterial, antiviral, and antiseptic properties, which 

are used to cure dental caries, psoriasis, diabetic and also helps tissue regeneration, and 

wound healing.  

 

Keywords: Apis laboriosa, A. dorsata, A. florea, A. cerana, pharmacological properties        

 

1. Introduction 

Honeybees and beekeeping are important 

components for sustainable management of 

Himalayan ecosystems and integrated rural 

development programs in Nepal. Beekeeping 

is non-land based farming system and 

provides nutritional food, economic, and 

ecological security in the Himalayan regions.  

 

2. Diversity of Honeybees in Nepal 

Biodiversity considers three levels of 

biological organization: species, genetic, and 

ecological diversity. Eight species of Asian 

honeybees, viz Apis laboriosa, A. dorsata, A. 

florea, A. andreniformis, A. cerana, A. 

koschevnikov, A. nuluensis and A. nigrocincta, 

have been identified in Asia. Four out of eight 

species of honeybees, A. laboriosa, A. dorsata, 

A. florea, and A. cerana live together sharing 

the same ecological niches for centuries in 

Nepal.  

Apis laboriosa is commonly known as the 

“World largest honeybee”, and distributed 

between 850 m up to 3500 m in the northern 

parts of Himalayan regions of Nepal [1, 2]. A. 

laboriosa builds a single comb on the rocky 
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cliffs (Fig. 1). Morphologically, A. laboriosa 

has absolutely black abdomen with a white 

strip on each abdominal segment. This is one 

of the most tourist attractive honeybee species 

in the world [2]. However, this species has 

been gradually declining from the Himalayan 

regions due to global warming, and 

deforestation. 

 

 
Figure 1. Apis laboriosa on the rocky cliff at 

Ghandruk, Pokhara. 

 

Apis dorsata is commonly known as the “King 

of honeybees” and commonly occurs in the 

southern parts of Nepal including southeast 

Asia. A. dorsata builds a single comb on the 

big branches of tall trees, cliffs, and manmade 

structures like water tanks, and buildings (Fig. 

2). Morphologically, A. dorsata has absolutely 

yellow abdomen with a white strip on each 

abdominal segment. A. dorsata seasonally 

migrates between forests, and agricultural 

lands [3]. When A. dorsata migrates to 

agricultural lands, they produce much more 

honey than domesticated honeybees, like A. 

cerana, and A. mellifera. Drones fly around 

18:00-19:00 hours, and congregate under the 

canopy of tall trees. The most interesting 

feature of A. dorsata is that they can recognize 

their old nesting sites with the help of wax 

specks [4]. 

 
Figure 2. Apis dorsata nests (A) aggregated 

on a bee tree and (B) in front of Buddha‟s 

image. (Photo: R Thapa) 

 

Apis florea is commonly known as “Dwarf 

honeybee”, and occurs in the southern parts of 

Nepal. This species also builds a single comb 

on small twigs of small bushes (Fig. 3). 

Morphologically, A. florea has orange red 

abdomen with a white strip on each abdominal 

segment. This species can survive in 

extremely dry conditions of Terai regions, 

where other species of honeybees hardly 

survive. During the raining time, the curtain 

formation bees form an umbrella shape to 

protect the brood from the rain [5]. Drones of 

A. florea fly between 13:45-15:30 hours.   
 

 
Figure 3. Apis florea nest. (Photo: R Thapa) 

 
Apis cerana is commonly known as the 

“Eastern honeybee”, and occurs between 60 m 

to 3,500 m in Nepal. Three subspecies of A. 

cerana, viz A. cerana cerana, A. cerana 

himalaya, and A cerana indica, have been 

found in Nepal (Fig. 4) [6]. A. cerana cerana 

is found in the western hilly regions, A. 

cerana himalaya in the mid eastern hilly 
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regions and A. cerana indica in Terai regions 

of Nepal. A. cerana cerana is commonly 

known as “Golden honeybee”, and can 

produce honey as much as the European 

honeybee, A. mellifera, whereas A. cerana 

indica is commonly known as “Black bee” 

and produces much less honey compared to 

golden honeybee, A. cerana cerana and A. 

mellifera. The Himalayan A. cerana is highly 

sensitive to environmental changes and very 

frequently absconded due to human 

disturbance. 

 

 
Figure 4. Distribution of subspecies of Apis 

cerana in Nepal 

 

3. Traditional Hives 

A. cerana beekeeping has been practiced in 

Nepal since immemorial times. Traditionally, 

Nepalese beekeepers keep their colonies in log, 

wall, and box hives. There are several 

different types of A. cerana bee hives used in 

Nepal. 

Log hives, about 66.75cm long and 30.2cm 

wide, are made by scratching the central rotten 

part of semidry hollow log from the sides, 

which are closed with circular wooden plates, 

and plastered with the mixtures of red soil and 

dried rice coats (3:1) (Fig. 5). The honey is 

harvested by opening one of the side circular 

doors. The log hives are festooned with thorns 

and hung in horizontal position in front of 

balcony to afford protection from pine 

martens, bee-eaters and rain. 

 

 

Figure 5. Traditional log hive (A) rear end 

and (B) side view. (Photo: R Thapa) 

Wall hives, about 45 cm long, 45 cm wide and 

30cm deep, are constructed on the wall by 

removing six to eight bricks (Fig. 6). A flat 

wood, about 5 mm thick, is fixed on the 

ceiling to provide support for combs 

construction. The inner surfaces are varnished 

with red soil. The front face has a small hole 

and the rear end is covered with bamboo tray 

with a small hole in the middle to peer the 

colony size, and bee‟s activities. The honey is 

harvested by opening the rear end. In mid, and 

high hilly, the ambient temperature drops 

below minus degree centigrade in winter 

season are frequently used house's wall hives 

[7]. 

 

 

Figure 6. Traditional wall hive (A) inside 

view and (B) outside view. (Photo: R. Thapa) 
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Newton hives, modern movable hives with 

two chambers, viz brood and honey chambers, 

are used for A. cerana beekeeping in Terai and 

mid hill regions (Fig. 7) [7]. Honey is 

harvested from the honey chamber using a 

honey extractor. Two types of Newton hives 

are used in Nepal; Newton hive type-A and 

Newton hive type-B. The Newton hive type-A 

is small than Newton hive type-B. The 

Newton hive type-A is recommended for high 

hilly areas whereas Newton hive type-B is for 

Terai regions.  

 

 

Figure 7. Modified Newton hives and other 

hives used in Nepal (A) Brick hive, (B) Log 

hive, (C) Box hive, (D) Mud hive and (E) 

Straw hive. (Photo: R. Thapa) 

 

4. Honeybee predators: Vespine wasps 

Honeybees are social insects, and live together 

by forming a nest containing brood, pollen, 

honey and overlapping generations attract 

viruses up to vertebrates [8, 9]. Nest defense is 

extremely important to honeybees for 

generations' survival; therefore, various 

mechanisms have adapted to enhance colony 

survival [10]. Several studies have shown that 

several species of vespine wasps; viz,  Vespa 

basilis, V. auraria, V. cinta, and V. magnifica 

in India [11], V. mandarina japonica in Japan 

[12], V. mandarina, V. analis, V. simillima 

simillima and V. velutina in Korea [13], V. 

tropica in Thailand [14], and V. velutina, V. 

tropica and V. magnifica in Nepal [15] are 

hymenopteran predators of Apis cerana (Fig. 

8). V. magnifica is one of the most devastating 

Vespa species of honeybees in Nepal. 

 

 

Figure 8. Vespine species attack honeybees 

and nests (A) V. velutina, (B) V. tropica, and 

(C) V. magnifica. Arrows indicate the 

identification keys of vespine wasps. (Photo: 

R. Thapa) 

 

5. Honeybee mites of Himalayan honeybees 

Himalayan honeybees have four different 

types of mites, viz Varroa underwoodi, V. 

destructor, V. sinhai, and Tropilaelaps clareae 

(Fig. 9). V. destruction has worldwide spread 

[16, 17], and destroy the European A. 

mellifera beekeeping industries in Europe and 

Korea, but not A. cerana beekeeping 

industries in Asia. V. destructor, an original 

mite of A. cerana, has been successfully 

reproduced, and survived in A. mellifera 

colonies due to lack of host-parasite 

relationship [18].  

Adult female mites live either attached to an 

adult bee, so called the phoretic phase, or 

within sealed brood cells. During the phoretic 

phase, the mites remain attached, occasionally 

move between adult bees. The mites 

reproduce in the brood cell on pupae of 

worker bees, and drones [19], of which the 

drone is distinctly preferred [20]. Varroa mites 

feed on the haemolymph of developing 

honeybee larvae, pupae, and adults. The 

reproduction cycle starts, when a female mite 



Honeybees of Nepal: diversity, beekeeping......                         Thapa, R. 2012 

 

5 
 

enters a brood cell just before it is sealed. The 

female mite lays one unfertilized and a 

number of fertilized eggs in the upper part of 

the cells. 

 

 

Figure 9. SEMs of native Himalayan 

honeybee mites (A) V. underwoodi, (B) V. 

destructor, and (C) Tropilaelaps clareae. 

(SEM: R. Thapa) 

 

6. Pseudoscorpions: friend or enemies of 

Himalayan Apis cerana  

Nest of Himalayan A. cerana contains brood, 

pollen, honey and overlapping generations. 

Such colonies attract predators of many kinds 

including vertebrates [8, 9]. Pseudoscorpions 

are small predatory Arachnid [21], highly 

diversified [22], and some species like 

Parateninus elongates (Banks) are highly 

social [23, 24]. The Himalayan 

pseudoscorpion, Ellingsenius indicus, is 

associated with A. cerana. Pseudoscorpions 

feed on small prey like springtails, ants, wax 

moth caterpillars, and dead bee larvae, but 

they never prey on Varroa mites (Fig. 10) [15].  

 

Figure 10. Pseudoscorpions associated with A. 

cerana (Photo: R. Thapa) 

 

7. Bee products: applications for medical 

purposes  

Apitherapy, an application of bee products to 

cure several diseases, is widely practiced in all 

over the world, and it can be practiced in rural 

areas where the western conventional 

medicines are not available.  

Honey provides energy to each cell to live, 

and boosts body's energy. Honey has 

antibacterial properties [25, 26]. The 

antibacterial effects of honey against 

Staphyllococcus aureus, S. dublin, S. agora, 

Escherichia coli and Psuedodormones 

aeruginosa have been widely studied [27]. 

Due to its hygroscopic nature, the honey can 

dehydrate the burning skin, and cut wounds 

(Fig. 11) [28]. Honey, therefore, is an 

appropriate medicine for all ailments [26]. 

Honey from the wild honeybees A. laboriosa 

and A. dorsata can be used to cure cut wounds, 

burning, diarrhea, and ulcers in rural areas of 

Nepal where western conventional medicines 

are unavailable. Questionnaire surveys 

revealed that honey from different Himalayan 

honeybee species are used for different 

purposes in rural areas of Nepal (Table 1). 

 

 

Figure 11. Topical application of honey for 

wound healing. 

 

Pollen is one of the most nutritious foods, and 
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is called a "Nature's fountain of youth" (Fig. 

12). It is used to increase energy, and boost the 

immune system as well as anti-aging. Bee 

pollen contains high quantity of amino acids, 

vitamins, carbohydrates, minerals, and 

enzymes. The main pharmacological 

properties of pollen are to cure the liver 

diseases. 

 

 

Figure 12. (A) Bee collecting pollen and 

nectar and (B) SEM of bee pollens. 

 

Propolis, so called bee glue, resins collected 

from flowers, leaf buds, and bark of trees by 

field honeybees, is one of the most valuable 

bee products of A. mellifera. However, the 

Asian hive honeybees never use, and produce 

propolis. A. mellifera uses propolis to seal 

cracks, holes of hives, and to polish brood 

cells. The A. mellifera also uses propolis as 

antibacterial, antiviral, and antifungal to 

protect the brood against bacterial, and viral 

diseases. Propolis consists of approximately 

55% resinous compounds and balsam 

(flavonoids and phenolic acids or their esters), 

30% beeswax, 10% aromatic oil, and 5% 

pollen. Recently 180 compounds have been 

identified from propolis [29, 30]. The main 

compounds identified in propolis are 

flavonoids, which are considered to be 

responsible for the main biological activities 

of propolis: antioxidant, antimicrobial, 

antiviral, antifungal, anti-inflammatory and 

anti-tumoral. One of the most ancient 

applications of propolis is to reduce the 

incidence of dental caries [31, 32], and wound 

healing and promotion of tissue regeneration 

[33], gynecological diseases [34] as well as in 

stomatology [35], and geriatry (Fig. 13). The 

various uses of propolis in clinical trials show 

that its therapeutic efficacy lies mainly in 

diseases caused by microbial contaminations.  

 

 

Figure 13. Wound healing properties of 

propolis (A) Psoriasis on the body, (B) 

psoriasis on the fingers, (C) bed sore, (D) 

gouts and (E and F) Diabetic wounds on the 

legs. (Photo: R. Thapa) 

 

8. Bee venom therapy: an alternative 

treatment of several ailments 

Bee venom, a toxic substance, has been used 

for medical purposes since prehistoric times. 

Previous studies have shown that people have 

mild allergic to A. cerana, A. mellifera and A. 

florea bee venom [36, 37]. Nowadays, A. 

mellifera venom is used to treat arthritis, and 

multiple sclerosis [38, 39]. 

In total, 41 Nepalese volunteers suffering from 
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various diseases were treated with bee venom, 

so called Bee Venom Treatment (BVT) (Fig. 

14). BVT was found effective to joint pains, 

elbow tension, back pain, finger lock, sciatic 

nerve, and articular pains. Bee venom also 

ceases pains. However, BVT cannot help to 

recover from paralysis and genetically 

impaired diseases. 

 

Figure 14. Bee venom treatment (BVT) for 

different aliments. 

 

9. Is bee venom safe? 

The symptoms after BVT treatment is showed 

in Fig. 15. Out of 41 volunteers, 6% had mild 

allergic reaction to bee venom, 5% with fever 

on the first day of treatment, 35% had itching 

for 2 to 3 days and 53% were swelling for 3-5 

days (Fig. 15).    

 

Figure 15. Symptoms of bee venom. 

 

10. Conservation of wild honeybees nesting 

sites for eco-tourism development   

Pollination, a necessary part of biosphere, 

supports all living organisms from small 

bacteria to the elephants, including humans. 

Therefore, loss of native honeybees from their 

natural habitats means degradation of genetic 

variability of wild plants, resulting great 

ecological, and economic losses, and loss of 

valuable resources useful to human beings. To 

understand the ecological and economic 

values of honeybees, we have to educate 

ecological and economical beneficiaries of 

honeybees.  

For eco-tourism development, the world 

largest honeybee, A. laboriosa, which is 

gradually declining from their natural habitats 

due to over harvesting and habitat destruction, 

urgently need to conserve the nesting sites in 

Nepal [2]. 

Apitherapy, applications of honey and bee 

venom, a natural medicinal treatment, could 

be one of the most commonly practiced 

treatments in rural areas of Nepal. Before 

using bee venom, patients should consult 

professional apitherapiest or licensed medical 

professional. BVT is not definitely appropriate 

for everyone, as it causes severe allergic 

reactions in many people. 
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Abstract 

Scutellaria baicalensis Georgi has been used for the treatment of various chronic 

inflammatory syndromes including respiratory disease, fever and gastric ulcer in 

traditional eastern medicine and its major components (baicalin, baicalein and wogonin) 

were reported to have various biological effects. The aim of this study was to isolate the 

neuroprotective flavones from the root of S. baicalensis (SB) by bioactivity-guided 

fractionation of S. baicalensis methanol extract (SBME). Neuroprotective effect of isolated 

flavones, was studied on global ischemic model in rat by 4-VO. SBME was fractionated 

with different solvents and resulting fractions were administered at a dose of 25 mg/kg to 

the rat and potent neuroprotective fractions were sub-fractionated. At a dose of 10 mg/kg, 

isolated compounds (wogonin and baicalein) inhibited the hippocampal neuronal cell death 

by 78.6% and 81.0%, respectively. Our study suggested that SB and its isolated flavones 

have potential neuroprotective effect and these findings may be one of the alternative 

therapies for the management of stroke and other neurodegenerative diseases. 

  

Keywords: Scutellaria baicalensis, neuroprotection, ischemia, wogonin, baicalein 

 

1. Introduction

Cerebral ischemic stroke is a neurological 

disease where neuronal cell death is 

characterized by serial pathophysiological 

events, so called ischemic cascades, like 

energy failure, excitotoxicity, oxidative stress, 

inflammation and apoptosis. These all 

damaging factors are triggered by either 

decreased or blocked blood flow that leads to 

the human death and disability [1, 2]. Two 

major approaches have been developed for the 

management of ischemic stroke. First 

approach is to establish reperfusion by 

dissolution of the clot with thrombolytic drugs 

and the second is to treat with neuroprotective 

agents to interfere with the biochemical 

cascade of events leading to cell death in the 

penumbra area [3, 4].  

Due to the lack of effective and widely 

applicable pharmacological treatments for 

ischemic stroke, many people are generating 

their interests in traditional medicines, mainly 

of herbal origin [5]. Several natural products 

have been studied for their potential 

neuroprotective effects in past few decades [6]. 

Meanwhile, Scutellaria baicalensis Georgi 

(SB) has been shown to have potential 

neuroprotective effect in animal model. 

SB is one of the popular medicinal plants in 

traditional Korean medicine. It is used for the 

treatment of high fever, jaundice, ulcer, 

inflammation and cancer. The main bioactive 

flavonoids in SB are baicalein, baicalin 

(baicalein-7-glucuronide), wogonin, 
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wogonoside (wogonin-7-glucuronide), 

oroxylin A and oroxylin A-7-glucuronide [7]. 

SB and its flavones have been studied for their 

various pharmacological activities, including 

anti-inflammatory [8], antibacterial [9], 

antiviral [10], antitumor [11], antioxidative 

[12], neuroprotective [13] and anticonvulsant 

[14] activities.  

Neuroprotective effect of SB and its 

flavonoids has been reported in vitro. 

However, the neuroprotective effect of the 

individual flavones and their relative role of 

neuroprotection in in vivo ischemic model 

have not been elucidated yet. In the present 

study, we isolated two neuroprotective 

flavones by bioactivity-guided fractionation of 

SB methanol extract (SBME), identified and 

compared their neuroprotective effects in vivo.  

 

2. Materials and methods 

Plant material. Dried root of SB was 

purchased from Kyungdong Oriental drug 

store, Seoul, Korea. Voucher specimen, 

HP21001, has been deposited at the 

Herbarium of the College of Oriental 

Medicine, Kyung Hee University. 

 

Fractionation and isolation of compounds. 

1.5 kg of dried raw materials was extracted 

with 85% methanol (MeOH) by sonication. 

The mixture was filtered and the residue re-

extracted twice. The filtrate was evaporated 

under vacuum to give 500 g methanol extract, 

which was stored at -20 °C until use. 100 g of 

dried SBME was suspended in water and 

successively partitioned with hexane, ethyl 

acetate (EtOAc), n-butanol (BuOH) and water 

(H2O), respectively. The EtOAc fraction and 

BuOH fraction were further sub-fractionated 

and E-1 and E-2 sub-fractions of EtOAc were 

purified and recrystallized. HPLC analysis of 

each recrystallized sub-fractions were done to 

isolate, identify and quantify the active 

flavones (Scheme 1). 

 

Animals and drug treatment. All animal 

handling procedures were performed in 

compliance with the animal welfare guidelines 

issued by the Korean National Institute of 

Health (KNIH) and the Korean Academy of 

Medical Sciences. Male Wistar rats (SLC, 

Japan) weighing 175-180 g were used in the 

experiment. They were housed under 

controlled conditions (22 ± 2 °C; lighting 

07:00-19:00 with constant humidity). Before 

the experiment, food was withheld overnight 

but water was made freely available.  

Hexane, EtOAc, BuOH and H2O fractions 

were orally administrated at 25 mg/kg to 

identify the effective fractions. EtOAc and 

BuOH fractions, which were effective, were 

sub-fractionated and each sub-fraction were 

administered at a dose of 10 mg/kg to predict 

the most potential sub-fraction. Effective sub-

fractions were further recrystallized and 

purified. Isolated compounds (≥ 95% pure) 

were administrated at 10 mg/kg and their 

neuroprotective effect was compared with 100 

mg/kg of SBME. Control (vehicle treated) 

group was administered the same amount of 

distilled water after the ischemia induction. 

Animals were anesthetized with isoflurane 

(initiated with 5% and maintained with 1.5% 

of isoflurane) during the operation period and 

surgically prepared for 4-VO as previously 

described by Kim et al., [15].  

 

Histology. Seven days after ischemia, the 

animals were anesthetized and their brains 

were perfusion-fixed with 4% 

paraformaldehyde after transcardial wash-out 

with heparinized 0.5% sodium nitrite saline. 

Fixed brains were cut into 30 µm sections on a 

sliding microtome (HM 440; Carl Zeiss, 

Heidelberg, Germany) and the sections were 

stained with cresyl violet. Neuronal cell 

density was measured by counting viable cells 



 

Bioactivity-guided isolation of baicalein and wogonin…                 Gaire et. al. 2012 

 

13 
 

in a total of 6 frames (1 mm
2
) of left and right 

CA1 regions of three coronal sections for each 

animal. Cell counting was performed by 3 

technicians blinded to the experimental 

conditions. 

 

Statistical analysis. All data were presented 

as mean ± S.E.M. Student's t-test was used to 

make statistical comparisons between 

different treatment groups. p< 0.05 were 

considered to be statistically significant. 

 

3. Results 

3.1. Isolation of neuroprotective flavones in 

SB 

The neuroprotective flavones against CA1 

neuronal cell death were isolated by activity-

guided fractionation of SBME. Most effective 

EtOAc and BuOH fractions were subjected to 

further sub-fractionation through column 

chromatography. The sub-fraction E-1 and E-

2 from EtOAc fraction, which significantly 

inhibit the CA1 neuronal cell death, were 

purified, recrystallized, isolated and identified. 

Sub-fraction E-1 contained the baicalein 

whereas E-2 contained wogonin. BuOH 

fraction contained mixture of compounds and 

they could not be isolated due to very small 

quantity. HPLC analysis showed that wogonin 

and baicalein were the major compounds of 

SBME and their contents were 0.9 mg and 2.2 

mg per 100 mg plant extract, respectively. 

 

3.2. Neuroprotective effect of isolated 

compounds 

In the histological examination, dead 

pyramidal neurons appear to be in shrunken 

morphology whereas survived neurons 

possess the intact morphology after ischemic 

induction. Inhibitions of neuronal cell death 

by each fraction were observed by counting 

the neuronal cell density in the CA1 

hippocampal region seven days after the 

ischemia induction (Fig. 1). 

Neuronal cell density in vehicle-treated group, 

38.0 ± 1.7 cells/mm
2
, was highly inhibited as 

compared to the sham-operated group, 374.1 ± 

34.8 cells/mm
2
. Neuronal cells in EtOAc and 

BuOH fractions treated groups were observed 

as 265.5 ± 4.0 cells/mm
2
 and 225.5 ± 7.0 

cells/mm
2
 respectively (Fig. 2). 

The inhibitions of neuronal cell death by 

various sub-fractions of EtOAc and BuOH 

fractions were also observed (data not shown) 

and subsequent purification and identification 

of most effective sub-fractions was done to 

isolate the neuroprotective flavones baicalein 

and wogonin 

Neuroprotective effect of isolated flavones, 

against neuronal cell death, was observed by 

administering the flavones at a dose of 10 

mg/kg. The groups treated with isolated 

compounds significantly inhibited the 

neuronal cell death as compared to the 

vehicle-treated group. Neuronal cell density in 

animals treated with wogonin and baicalein, 

were 220.0 ± 2.0 cells/mm
2
, 275.1 ± 4.0 

cells/mm
2
, respectively (Fig. 3).  

 

4. Discussion 

After ischemia, the CA1 pyramidal 

neurons in the hippocampus have been shown 

to undergo selective and delayed cell death, 

both in experimental animals and in humans. 

The most vulnerable CA1 neuronal death in 

ischemia is believed largely due to the 

apoptosis and sometimes necrosis [16, 17]. 

Most of the CA1 neurons in penumbra area of 

hippocampus underwent delayed death at 3 

days after induction of ischemia [18].  

In the present study, the neuroprotective 

effect of SBME and its individual flavones 

against CA1 neuronal cell death was found in 

the order of SBME (92%), baicalein (91%) 

and wogonin (78.6%) suggesting that 

baicalein and wogonin are the main 

neuroprotective flavones in SB against 4-VO 
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ischemic model. Among the component 

flavones, there was no significant difference in 

the neuroprotective effects of baicalein and 

wogonin and wogonoside with that of SBME.  

HPLC analysis of flavonoid in 100 mg of 

SBME was found as baicalein (2.2 mg) and 

wogonin (0.9 mg), respectively. This result 

was consistent with the previous reports [19, 

20] as well.  

It has been reported that the cellular 

damage that occurs during cerebral ischemia 

and reperfusion is at least partly due to 

oxidative and inflammatory stress [21]. In 

neurodegenerative diseases including ischemia, 

reactive oxygen species have a deleterious 

effect on neuron survival. Therefore, 

antioxidants have been highlighted in 

neuroprotective drugs development [22, 23]. 

Flavonoids isolated from SB have the free 

radical-scavenging capacity and protective 

activity against injury [12]. Among the SB 

flavonoids, baicalein is the most powerful 

antioxidant. The potent neuroprotective 

activity of baicalein might be related to its 

antioxidative activity. It was reported that 

wogonin possessed neuroprotective activity 

against kainite-induced excitotoxicity and 

global ischemic brain damage by inhibiting 

the inflammatory activation of microglia [24]. 

Therefore, the protective mechanism of 

wogonin after global ischemic brain damage 

might be not only by antioxidative activity but 

also by anti-inflammatory activation. 

Therefore, the neuroprotective effect of SB 

may result from the combined effects of 

antioxidative, anti-inflammatory and other 

pharmacological effects of each active 

compound. 

In summary, SB and its individual 

flavones have protective effect in global 

ischemia, and baicalein and wogonin are the 

main neuroprotective flavones in SB. SB and 

its individual components may have the 

potential in prevention of stroke, vascular 

dementia and various neurodegenerative 

disorders. 
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1. Introduction

Landsilde is one of the prevalent disasters 

among other natural and frequently occurring 

disasters in Nepal. The main reasons for 

frequent landslides are excessive monsoon 

rainfall, fragile geology, steep slopes, rugged 

topography as well as human exploitation on 

natural resources. Hence, landslides are one of 

the most common natural hazards in the 

country. Landslides accelerate volume of soil 

erosion in Nepal. Types of land use, soil, 

drainage density, orientation of aspect, slope 

gradient influence the landslide as well as soil 

erosion [1]. According to one study [2], it has 

been reported that a total of 12,000 big and 

small scale landslides occur in Nepal per 

annum. Another study [3] indicates that 74% 

of landslide is due to natural causes and 26% 

is due to human activities. In Nepal, due to 

landslide there is heavy loss of livestock, 

crops, damage of infrastructure leading to 

heavy economic loss to the nation.  

Department of Soil Conservation and 

Watershed Management (DSCWM) Babar 

Mahal, Kathmandu under the Ministry of 

Forests and Soil Conservation (MFSC) is 

involved in the mitigation of soil erosion 

every year. In order to minimize the loss due 

to landslides, it is necessary for the treatment 

of those landslides in an appropriate time zone. 

Two approaches can be applied to minimize 

the landslides: (i) by using bricks, 

cement/concrete to build a barrier (ii) or by 

using wood or raw material from locally 

available, and (iii) by combining both 

(bioengineering method) to control landslides. 

If these approaches are implemented 

effectively, then there are chances to minimize 

the economic loss due to landslide. It is also 

believed that by doing this, soil and water 

would be conserved. 

District Soil Conservation Offices (DSCOs) 

are involved in small and medium scale 

landslides treatment programs by mobilizing 

the local community every year. Participation 

of local people as a form of users‟ group is a 

must. The users‟ group may form a users‟ 

committee to perform work systematically as 

well as to coordinate the office. 

In this regard, based on the approved plan 

under Action Research Program for the fiscal 

year 2066/2067 Jagdol of Gokarna VDC, 

Ward No. 1, DSCO has conducted the 

landslide mitigation program. Members of the 

committee for Martyr and Civil Service Park 

of this VDC are mobilized to landslide 

treatment program. A short description of the 

landslide is given in Table 1. 

Different techniques had been applied to treat 

the various landslides, depending on 

characteristics of selected sites such as (i) wall 

construction with loose stones and stone filled 

gabion boxes, (ii) drainage management inside 

the landslide, (iii) check-dam construction, 

(iv) bamboos planting, grass sowing, and tree 

plantation, and (v) grazing control [4]. Based 

on the landslide type mentioned above, Green 

Technology was applied to study the efficacy 

of landslide treatment in the area. 
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Table 1. A short description of the landslide 

 

Heading Details 

Landslide type Translational 

Causes of landslide Cutting of surface due to excessive rainfall and also 

due to river water 
Year of landslide occurrence 2060 BS (2003/2004) 

Average length of landslide 43 m 

Average width of landslide 32 m 
Surface area 1344 sq m 

Steepness 50% 

Type of steepness concave 

 

 

2. What is Green Technology? 

It is a technology in which different plants 

(herbs, shrubs, fodder, forages, as well as 

wood and concrete) are used to create a barrier 

to overcome soil erosion. This technology is 

not new in context of Nepal too. In Japan, this 

technology has already gained popularity to 

mitigate landslide by using wood and concrete. 

However, in Nepal, wood are used for fuels as 

well as construction material and it is 

expensive too. Instead of wood, bamboos are 

used to create a barrier/fence in order to avoid 

soil erosion from steep slopes. This results in 

the formation of terrace (steps) (Figs. 1-3). In 

each side there is drainage arrangement for 

water flow. Furthermore, forage and fodder 

are grown below the bamboo fence and other 

types of plantation are done on the terrace so 

that when these plants grow, their roots affix 

the soil tightly and firmly, thereby minimizing 

landslide.  

Forage saplings having high proliferative 

budding capacity can be grown in the terrace 

of steep lands.  The purpose of planting 

fodder and forage is that bamboo decay within 

one and half year. By that time the other 

plantations tightly hold the soil with their 

roots thereby minimizing the landslide and 

giving a sustainable solution to landslide 

control. This, Green technology, improves the 

greenery of the environment and contribute to 

minimize emerging issue of global warming 

problem. 

 

 Advantages of Green Technology 

 Economic 

 Utilization of available local resources  

 Natural technology 

 Community benefit 

 Self- motivation and mobilization of 

community 

 Sustainable  

 Economic benefit from the planted trees 

based on soil type 

 Feasible technology in developing 

country 

 Contribution to minimize global warming 

Raw materials used 

 Bamboos 

 Gabion wire 

 Fodder/ forage seedlings 

 Saw 

 Nails, hammer 

 Labor and expert human resource 

Different methods applied in Green 

Technology: 

 Fence construction (stones) 

 Management of flood 

 Barrier/fence construction (bamboos/ 

wood) 

 Prevention of excessive grazing 
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3. Conclusion 

This technology has been proved to be 

effective and economic in steep mountain 

terrains. Community people can be mobilized 

to treat landslides and gullies using local 

available resources and participation. Thus, in 

the context of Nepalese Green technology is 

one of the most appropriate technologies to 

mitigate landslide. 
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Climate change, the smoldering concern and 

most debated one, has the reflective 

possessions on the environment, particularly 

the geographically young and unstable rugged 

terrains in the Himalayan countries (like 

Nepal) and the countries with low lying land 

(like Maldives) are much more prone and 

vulnerable to it. Mainly, the climate change is 

triggered by the emanation of the Green house 

gases [GHG; carbon dioxide (CO2), methane 

(CH4), nitrous oxide (N2O), ozone (O3), sulfur 

hexafluoride (SF6), hydro fluorocarbons 

(HFCs), nitrogen trifluoride (NF3) and 

perfluorocarbons (PFCs)], rapid deforestation 

and much more consumption of the fossil 

fuels either-or-in the name of the industrial 

revolution. Climate change will likely have 

devastating effect on many floral species with 

high altitudinal plants being one of the worst 

hit species, especially those endemics that 

subsist in the high Himalaya [1, 2, 3]. Invasive 

species being prevalent due to hasty climate 

change continue to pose extraordinary 

ecological challenges to the world today, 

creating our endemic species to extinction in 

the long run. 

The average warming in the Terai is 0.04°C 

per year whilst the rise is 0.08°C in the High 

Himalaya (also called “Water Tower of Asia” 

as it provides around 8.6×106 m
3
 of water 

annually [4], with an average of 0.06°C per 

year throughout the country Nepal). In 

provisos of gas emissions, the most noticeable 

changes occurs for the projections of methane 

(CH4), nitrous oxide (N2O), and a group of 

fluorinated compounds (F-gases, i.e., HFCs, 

PFCs and SF6). Black carbon or soot is usually 

pollution rather than global warming arising 

from burning in all its forms, ranging from 

forest fires, power stations and cooking stoves 

to diesel exhaust from vehicles. Soot can be 

considered as black droplets which spans in a 

large region including Arctic and the Antarctic. 

It is reportedly responsible for damaging 

monsoon leading to trails of hazardous 

devastations in its path. However, the most 

compelling heat trapping gases is SF6, whose 

100-year global warming potential (GWP) is 

23,000 times that of CO2 [5, 6]. Hence, the 

incorporation of the non-CO2 gases into the 

climate mitigation and the stabilization 

analysis has been paid much more attention 

these days.  

Natural calamities like the glaciers retreat, 

vegetation shift in high altitudes, deprivation 

of the soil quality, cases of flood and drought, 

depletion of the ozone layer, snow avalanches, 

abrupt changes in the climate, changes in the 

population dynamics, perishing of the species 

(in particular endemic species up to 34%), 

anomalous behavior of the plants and animals 

and their biogeography, jeopardy and the 

substantial damage to the natural resources 

and the rest are some of the severe challenges 

laid forward by the climate change [7]. In such 

extreme cases, more of the fertile lands are 

subsequently changed into the unproductive 

lands putting more pressure to the fertile lands, 

which are only the source to feed for the rising 

population. Invasive species are becoming 

more prevalent due to rapid climate change, 

which poses extraordinary ecological 

challenges to the world today, creating our 

endemic species to extinction in the long run 
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[8]. 

Currently, the swift combustion of the fossil 

fuel is continuing to rule over the global 

market energy that is striving to meet the 

increasing demand for heat, electricity and the 

transport fuels. This is associated with the 

rapidly growing mercury level.  Increased 

temperature level to 2.5
°
C from the normal 

could lead to 20-30% disappearance of the 

earth's species. An incredibly large difference 

delivered by the climate change is the upward 

shift of snow-lines by as much as 5-10°C in 

latitude. Due to these GHG emissions, a 

global temperature rise of 1.5 to 4.5⁰C from 

the normal is predicted. In current scenario, 

although the mountain societies have been 

successful in adapting to such factors, the 

changes and the challenges taking place are so 

intense and rapid that traditional adaptation 

measures are gradually derailing their 

effectiveness. 

In this carbonized world, under the prevailing 

climate circumstances, what will happen to 

our glaciers after half a century down the line? 

By the end of 2050, it is expected that a 

quarter of the glacier mass could have 

disappeared which rises up to one half in a 

century. An upward shift of 200-300 m (650-

980 ft) in the line of glaciers is assumed and 

an annual reduction in thickness of 1-2m (3-

6ft). The rising sea level means some of the 

most fertile and populous land is inundated, 

driving the survivors inland to find new homes. 

While deserts are continuously expanding 

rainfall has become unreliable in marginal 

lands. What might be the fate of low lying 

regions, if such situation further continues in 

the same pace? Perhaps, our glaciers will 

eventually turn into a rocky mountain that will 

be devoid of ice caps. Notably, low lying 

regions will have a miracle and sink 

subsequently lying in the bed of ocean. Hence, 

it's a urgent need for us to ensure the 

landscapes, wildlife and ecosystems that 

endow us with the essentials of better life that 

are not only looked after but are also 

improved for the coming future generations. 

As passengers in this huge train of world, 

there is a need to handle our seats of perfect 

nature in the same condition to our 

descendents for their perceived future and still 

the question arises, will we be able to do so?  

Climate change will exacerbate bigger 

problems if the countries fail to address it in 

time. Consequently, a crucial question of 

central importance for the long term 

stabilization is the need to underscore the 

importance of technology improvements, 

reprocessing of depleted fuel and plutonium 

separation, introduction of advanced 

technologies, process of improving the 

efficiency of existing power generation plant 

and induced technological change, both for 

achieving the long-term stabilization targets 

and the cost reduction.  

The growing emphasis and the comprehensive 

method that benefits for the substitution of the 

gases, i.e., the CO2 – eq emissions based on 

the Global Warming Potentials (GWP), has to 

be adopted by current climate policies, such as 

the Kyoto Protocol and the US climate policy. 

The timing of emission reductions also 

depends on the stringency of the stabilization 

target. The impacts evoke forward by the 

climate change have been observed already in 

Himalayan glaciers as they are retreating 

rapidly (0.3-1m/yr). 

Baselines stabilization scenarios and the 

quantification relating to the climate change 

have to be seriously documented [9, 10]. The 

first and the foremost crucial thing to be 

implemented to combat the challenges posed 

by the climate change is to reduce the CFC 

emissions which can either be done by 

reducing the consumption of fossil fuels, 

planting of the more trees and finding out 

alternatives to the emission of the carbon in 

the atmosphere. The use, production and 
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utilization of the products, finally giving rise 

to the GHG gases in this concrete jungle in a 

commercial basis, has to be given up.  

Major of the mitigation technologies like 

Carbon Capture and Storage (CCS), second 

generation bio-fuels, concentrated solar power, 

biomass gasification and ocean energy may 

make much more contributions in due course. 

But how long will the oceans continue to 

absorb the anthropogenic CO2? The 

absorption of CO2 may be highly stimulated 

by the Iron and Nitrogen fertilization of 

oceans which helps in the growth of 

phytoplankton and therefore sequesters CO2 in 

the form of the particulate organic carbon 

(POC). Public or the private investment in 

research, development, demonstration and 

deployment (RD
3
) can help in triggering the 

low-or zero-carbon emitting technologies with 

their rapid deployment and the diffusion 

lessening the impacts of the climate change. 

Unfortunately, we are not been able to do so. 

Switching to the low carbon energy supply 

sources is the best mitigation option that 

dramatically reduces the use of fossil fuels 

with significant GHG benefits. 

Cost-effective stabilization and the inter-

temporal optimization can be a better 

substitute in capturing the carbon during the 

energy conversion processes with subsequent 

storage in the geological formations by the 

injection of CO2 underneath the ocean bed. 

Nevertheless, there are equal chances of 

raising water level as well which might bring 

another possible catastrophe and additional 

tribulations. So, the enhancement of the forest 

sinks via afforestation, reforestation and the 

avoided deforestation can also be a feasible 

alternative and the measures in the energy, 

industry and the agricultural sectors that can 

help in achieving the abatement of the GHG 

emissions. Better biomass option will be the 

renovation of ligno-cellulosic sources (woody 

material and the grasses) into bio-fuels; 

however integration of this sort of technology 

will be much dearer which will be of little use. 

The industrial fixation through the formation 

of mineral carbonates will be much dearer 

though it can be of a great use. Thermo 

chemical hydro cracking of the vegetable oil 

and the animal fats can be helpful in the 

construction of the diesel fuel because of its 

stability, compatibility and usefulness by 

every means. Recycling and re-use of the 

wastes (because of the energy demand for the 

production and by substitution of recycled 

feed stocks for virgin materials) also helps in 

minimizing the GHG emissions and also helps 

in reducing the pollution. Significant 

technologies break through will be needed 

before deployment can be considered.  

In today's context, development of energy-

efficient combustion system by improving the 

furnace and the burner designs, preheating 

combustion air and using oxygen enrichment 

or oxy-fuel burners is a must. Lack of 

comprehensive and consistent assessments of 

the worldwide potential and cost to mitigate 

transport's GHG emissions is a key gap in the 

knowledge. The integration of mitigation and 

adaptation strategies like the Soil carbon 

sequestration can be a better mitigation 

potential. This alone can contribute to ~ 80% 

of the total technical potential and can lead to 

a major change. Agriculture offers tremendous 

potential to mitigate climate change, 18% of 

total emissions together with forestry, or 1/3 

of the total abatement potential [11]. 

Given that strategies are properly designed 

and implemented, the world can have 

substantial benefits in terms of employment 

and income generation opportunities, 

biodiversity and the watershed conservation, 

provision of timber and fibred, protection to 

our natural resources as well as aesthetic, 

frivolous and recreational services. If within 

the stipulated time frame the stabilization of 

the non-CO2 gases are taken into 
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consideration, there is a significant potential 

for reduced costs, for a given climate policy 

objective, versus the same policy in the case 

of multi-gas mitigation policy. 

The reductions in the CO2 emissions can be 

achieved by improving the effectiveness of the 

existing plants using the same amount of fuel. 

Low carbon-emitting technologies such as 

renewable, advanced biological processing 

and CCS can be adapted for as environment 

friendly options which help in the abatement 

of the climate change. In order to achieve a 

major reduction of above discussed negative 

impacts of the climate change, a concrete 

policy has to be drafted and followed strictly 

within the stipulated time frame. Treaties and 

agreements should be strictly followed and 

subsidies and incentives should be granted to 

those adopting the low-GHG emitting 

technologies.  

It is not just the climate data that is needed for 

effective vulnerability and adaptation 

assessments to climate change in the 

developing countries. However, there is a dire 

need of the accurate socio-economic data that 

comes from different sectors   which is an 

important complement to existing assessments, 

particularly given that poverty has been 

recognized as a major factor in vulnerability.In 

a nutshell, every person from every walk of 

life needs to be unified with the common 

slogan of combating the challenges posed by 

the climate change. Mitigation potentials and 

their abatement techniques should be seriously 

discussed and strictly followed under the 

concerned floor before the going gets tough. 
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1. Introduction

In general, rainfall-induced slope failures are 

caused by increased pore pressure and 

seepage force  during periods of intense 

rainfall. The effective stress in the soil 

decreases due to the increased pore pressure, 

reducing the soil shear strength, and 

ultimately resulting in slope failure. During 

rainfall, a wetting front moves downward into 

the slope, resulting in a gradual increase in 

water content and decrease in negative pore-

water pressure. This negative pore-water 

pressure is referred to as matric suction when 

referencing the pore-air pressure that 

contributes to unsaturated-soil slope stability. 

Various physical models coupling infinite 

slope-stability analyses with hydrological 

modeling have been developed assuming a 

steady or quasi-steady water table and 

groundwater flow parallel to the hill slope. 

Tsai et al. developed a physical model using 

the complete Richards‟ equation with the 

effect of the slope angle and also adopted the 

extended Mohr-Coulomb failure criterion to 

describe the unsaturated shear strength [1, 2]. 

Sassa conducted a series of flume tests and 

concluded that the changes in rigidity of sand 

and the upper yield strain within a slope were 

essential to slope-stability analyses [3, 4]. 

Fukuzono conducted an experiment to 

examine the conditions leading to slope 

failure using near-actual-scale slope models 

providing heavy rainfall [5]. Crozier tested a 

rainfall-based landslide-triggering model 

developed from landslide episodes in 

Wellington, New Zealand, termed the 

Antecedent Water Status Model, to predict 

landslide occurrence by providing a 24-h 

forecast [6]. Tsutsumi and Fujita investigated 

several landslide sites, and used physical 

experiments and numerical simulations with a 

combination of rainwater infiltration for their 

slope-stability analysis which were applicable 

to represent a series of failures [7]. However, 

they did not consider the surface water flow 

and erosion/deposition due to rainwater. In 

stability analysis they used Janbu‟s simplified 

method that satisfies only the force 

equilibrium. Mukhlisin and Taha developed a 

numerical model to estimate the extent of 

rainwater infiltration into an unsaturated slope, 

the formation of a saturated zone, and the 

change in slope stability [8]. Then, the model 

was used to analyze the effects of soil 

thickness on the occurrence of slope failure. 

These numerical studies are applicable only to 

two-dimensional (2D) analyses. Regmi [2011] 

performed numerical simulations and flume 

experiments to investigate the mechanism of 

slope failure due to rainfall events [9]. A 

three-dimensional (3D) seepage-flow 

numerical simulation model was coupled with 

a 2D surface flow and erosion/deposition 

model for seepage analysis. However, it is not 

applicable for series of failures that may occur 

on the slope. This study attempts to develop a 

numerical model to investigate the series of 

failure of a slope due to rainfall events, using 

the pore-water pressure, moisture-content, and 

surface-water head data obtained by the 

coupled seepage-flow model and 

erosion/deposition model were used to 

analyze the stability of the slope.  Spencer 

method, that satisfies both the force and 

moment equilibria, was incorporated into 

dynamic programming to locate the critical 

slip surface of a general slope. A two-

dimensional (2D) seepage-flow model was 

coupled with a one-dimensional (1D) surface 
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flow and erosion/deposition model for 

seepage analysis.  

 

2. Numerical modeling 

The following two-dimensional (2D) 

pressure-based Richards‟ equation valid for 

variably saturated soil was used in seepage-

flow model for calculating the change in pore 

water pressure inside the soil domain [Regmi, 

2011] [9].  
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where hw is the water pressure head; Kx, and 

Kz are the hydraulic conductivity in the x, and 

z directions, respectively; 
ww hC  /  is the 

specific moisture capacity; 
w is the soil 

volumetric water content; Sw is the saturation 

ratio; Ss is the specific storage; t is the time; x 

is the horizontal spatial coordinate; and z is 

the vertical spatial coordinate taken as 

positive upwards. 

The mathematical model developed by 

Takahashi and Nakagawa was used to 

investigate the surface flow and 

erosion/deposition on the surface of the model 

slope [10]. The depth-wise averaged 1D 

momentum equations for the x-wise (down 

valley) direction is 
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The continuity equation of the total volume is 
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The continuity equation of the particle 

fraction is 
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The equation for the change of bed 

surface elevation is 
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where M (=uh) is the flow discharge per unit 

width in the x direction; u is depth-averaged 

velocity in the x direction; h is the water 

depth; g is the gravitational acceleration; β is 

the momentum correction factor; θb is the bed 

slope; zb is the erosion or deposition thickness 

measured from the original bed elevation; τb is 

the bottom shear stresses in the x direction; ρT 

is the mixture density; R is the rainfall 

intensity; I is the infiltration rate; sb is the 

degree of saturation in the bed; ib is the rate of 

hydraulic erosion or deposition from the 

flowing water; c is the sediment concentration 

in the flow; and c* is the maximum sediment 

concentration in the bed. 

The limit equilibrium method of slices was 

used for slope-stability analysis. Spencer 

method was incorporated into an effective 

minimization procedure based on dynamic 

programming, in which the minimum safety 

factor and corresponding critical non-circular 

slip surface were determined simultaneously. 

The factor of safety expressions for Spencer 

method is as follows [11]. 
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where, Ff and Fm are the safety factors with 

respect to the force and moment equilibria, 

respectively; 

}tan)tan()/1(1){cos(   ii Fm , 

with F = Ff for Eq. (6) and Fm for Eq. (7); δ is 

the inclination of interslice forces to the 

horizontal; Di is the distance from the base 

centre of the slice to an arbitrary reference 

point; and θi is the angle between the vertical 

direction and the D direction in the xz plane. 

Ff and Fm can be computed separately from 
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Eqs. (6) and (7) for several appropriately 

given values of δ. Then, two curves showing 

the relationships of Ff - δ and Fm - δ can be 

plotted so that the intersection of these two 

curves leads to a required δo value and 

corresponding safety factor Fs, satisfying both 

the force and moment equilibria. 

 

3. Results and discussions 

In the seepage-flow model, the numerical 

simulation was conducted at 0.02-sec time 

steps and 2.0-cm space steps in the x 

(horizontal) direction, and 1.0-cm space steps 

in the z (vertical) direction. In the surface-

water flow and erosion/deposition models, 

0.01-sec time steps and 2.0-cm space steps in 

the x (parallel to assumed bed slope of the 

model slope) direction were used. Time steps 

of 0.02-sec and space steps of 10 cm in the 

horizontal x direction were used in the slope-

stability model. 

The shape and size of the assumed model 

slope, and failure surfaces and surface-water 

obtained from the simulation are shown in Fig. 

1. A small space was provided upstream for 

runoff input to develop a water table in the 

bottom layer of the model slope, which is 

essential for understanding slope failure. 27° 

bed slope and 95.00 mm/hr rainfall intensity 

were assumed in the numerical simulation. 

The soil parameters of the numerical 

simulation were: saturated moisture content 

(
s ) = 0.42, residual moisture content (

r ) = 

0.004, van Genuchten parameter (α) = 3.227, 

van Genuchten parameter (η) = 2.7, specific 

gravity (Gs) = 2.63, angle of repose ( ) = 34°, 

porosity (n) = 0.42, saturated hydraulic 

conductivity (Kws) = 0.0002153 m/sec; Ss = 1 

× 10-7 m
-1

 (for the saturated condition of the 

sediment); gravitational acceleration (g) = 

9.81 m/sec
2
; mixture density (ρT) = 1000.0 

kg/m
3
; momentum correction factor (β) = 

1.25; maximum sediment concentration in the 

bed (c*) = 0.5779; erosion velocity parameter 

(Ke) = 0.06; density of the sediment particles 

(σ) = 2630 kg/m
3
; and constant (δd) = 0.03. 

In seepage-flow analysis, the top surface 

boundary was set as the constant head or 

constant flux due to a rainfall event. The 

downstream boundary condition was modeled 

as a seepage face with pressure head not 

greater than zero, and the upstream was 

considered as no-flow boundary. The values 

of the moisture content (0.006) throughout the 

soil domain was specified as initial conditions. 

As a boundary condition in surface-flow and 

erosion/deposition model, the downstream 

boundary was modeled as the outflow 

boundary, and the upstream boundary was 

considered as no-flow boundary. The flow in 

the channel was assumed to be dry as an 

initial condition. 
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Figure. 1 Original shape and size of the 

model slope with the simulation results. 

 

Simulation of a series of slope failures 

requires continue calculation after a failure. In 

this modeling approach, the soil mass 

downstream of a failure surface was excluded 

after a slope failure for a new soil domain, 

and calculation continues. The calculation 

terminates either the remaining soil mass 

exibits higher safety factor in the further time 

steps or all the mass collapses and flows down 

as a debris. If Fm and Ff less than 1.0 and fails 
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to satisfy within δ value 0°-40°, the 

calculation terminates without determining 

new failure surface indicating debris flow. 

During rainfall, a wetting front moved 

downward into the slope, resulting in a 

gradual increase in water content and pore-

water pressure. The effective stress in the soil 

decreased due to the increased pore pressure 

and seepage force, reducing the soil shear 

strength, and ultimately slope failure occured. 

The first and second failures of the model 

slope observed at 2487.26 sec and 2487.28 

sec, respectively. The computed safety factors 

for respective failure surfaces were 1.0 and 

0.917. At 2487.30 sec, the remaining mass 

collapsed and debris flow occured. After a 

failure, the failure mass slides slowly down as 

long as the slope gradient is steep enough and 

it stops to slide when arrives at flatter area. 

This mass also supports the remainig soil 

mass so that the remained one does not loose 

its stability immediately. However, in this 

study the presence of the failure mass was not 

considered. That is why, the next failure and 

the moment of debris flow occured 

immediately after the first failure. So, it is 

necessary to consider the presence of such a 

failure mass to improve the performance of 

the slope stability model. The surface water 

flow did not cross the ridgeline before the 

failure (Fig. 1), and no erosion was observed 

in the simulation. 

Heavy storms rainfall has caused many 

landslides and slope failures especially in the 

mountainous area of the world. Landslides in 

Nepal are one of the most common natural 

hazards, claiming a significant number of 

lives each year. Krishanabhir-Kurintar sector 

of Prithvi highway in Nepal suffered from 

frequent slope failure problems every year in 

the past, .After being verified by extensive 

experimental studies, present model can be 

applied to such sites for its further 

improvement. Then it would be fruitful to 

support the planner and decision makers for 

the identification of the probable landslide 

zone and its magnitude in extreme rainfall 

events, in the countries like Nepal. 
 

4. Conclusion 

A numerical model was developed to 

investigate the series of failure of a slope due 

to rainfall events, using the pore-water 

pressure, moisture-content and surface-water 

head data obtained by the coupled seepage-

flow model and erosion/deposition model 

were used to analyze the stability of the slope. 

Series of failures were obtained immediately 

one after another by the numerical simulation. 

Extensive experimental studies and field 

applications are essential for the verification 

of the model. 
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Abstract 

In this paper mercury emission and speciation in municipal wastes incinerators (MWIs), 

hazardous waste incinerators (HWIs) with mercury mass distribution within the system are 

presented. Mercury emission and speciation in flue gas at inlet and outlet of each air 

pollution control devices (APCDs) were sampled and analyzed by Ontario Hydro Method. 

Cold vapor atomic absorption spectroscopy was used for analysis. On an average, Hg 

emission concentrations in flue gas from MWIs ranged 173.9 to 15.3 µg Sm
–3

 at inlet and 

10.5 to 3.8 µg Sm
–3 

at outlet of APCDs respectively. Mercury removal efficiency ranged 50 

to 95% in MWIs, 7.2 to 59.9% in HWIs The variation of Hg concentration, speciation in 

the tested facilities was related to the non-uniform distribution of Hg in waste combined 

with variation in waste composition (especially Cl, S content), operating parameters, flue 

gas components, fly ash properties, operating conditions, APCDs configuration. Long term 

data incorporating more number of tests are required to better understand mercury 

behavior in such sources and to apply effective control measures. 

Key Word: APCDs, flue gas, hazardous waste, Ontario Hydro Method, Mercury 

 

1. Introduction

Mercury (Hg) is a toxic air pollutant. Hg 

emission is getting more concern because of 

volatility, persistence, bioaccumulation, health 

impacts associated with it even at the lesser 

concentration. Mercury is emitted in 

atmosphere in different forms, among them, 

elemental mercury is of more concerns since 

its lifetime in the atmosphere is up to a year, 

whereas, oxidized forms have a lifetime of 

only few days because of particulate settling 

and solubility. Hg is emitted into the 

atmosphere from various combustion 

industries including waste incinerators. Waste 

incinerators are the major sources emitting 

mercury into the atmosphere [1], [2]. With the 

limited land resources and increasing public 

awareness of disadvantages of land filling, 

thermal waste treatment technologies are 

increasing in the recent years. There are 

several sources of Hg in wastes such as 

electric switches, fluorescent light tubes, 

batteries, thermometers, blood pressure gauges, 

dental amalgams, paint residues. Hg contained 

in waste vaporizes during waste incineration 

and emitted into the atmosphere through stack. 

The revised waste management act 1999, 

Korea, designates medical waste as hazardous 

waste and is subjected to hazardous waste 

regulation [3]. Study by Kim et al. shows that 

of 12.8 ton of Hg emitted into atmosphere 

from S. Korea in 2007, about 20% was 

contributed by incinerators (municipal, 
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industrial, hazardous, medical, sludge) [4]. Hg 

emission study from incinerators is essential in 

order to control its emission into atmosphere. 

Hg in flue gas emitted from waste incinerators 

includes elemental Hg (Hg
0
), oxidized Hg 

(Hg
2+

) and particulate bound Hg (Hgp). Hg
+2

 

species, such as HgCl2, HgO, are easily 

removed by existing wet type air pollution 

control devices (APCDs) like wet scrubbers 

(WS) and wet packed tower (PT), due to their 

water soluble property. Hgp is removed along 

with particles by primary dust removal devices 

such as bag filters (BF). Hg
0
 is difficult to 

control because it is volatile and insoluble in 

water. In this paper Hg emission and removal 

characteristics in waste incinerators 

(municipal, hazardous and medical) with Hg 

mass distribution in different streams of 

incineration facilities with different APCDs 

are presented.  

 

2. Experimental 

The incineration process and APCDs 

arrangement in the tested facilities are 

presented in Table1. The tested facilities 

contained wide range of APCDs, can be 

classified into dry and wet. Hg speciation in 

flue gas at inlet and outlet of each APCD were 

sampled and analyzed by Ontario Hydro 

Method. Cold vapor atomic absorption 

spectroscopy (CVAAS) Hg analyzer (RA+915, 

Lumex) was used for analysis. The sampling 

and measurement of Hg and its speciation in 

flue gas, at inlet and outlet of each APCD 

were carried out. Emission characteristics such 

as speciation changes (oxidized, elemental and 

particulate bond), concentrations and removal 

efficiencies of Hg across APCDs were studied. 

Using Hg concentration and the flow rate at 

each ingoing and outgoing streams the mass 

concentration and distribution was estimated.

 

Table 1 APCDs arrangement in the tested facilities. 

Unit APCDs Configuration Type 

MWI#1
 

SDA→BF→SCR Dry 

MWI#2
 

SDA→BF→SCR Dry 

MWI#3 ESP→WS→ACI→BF→SCR Wet 

MWI#4 SDA→BF Dry 
MWI#5 SDA→ACI→BF Dry 

MWI#6 SDA→ACI→BF→SCR Dry 

MWI#7 
Stoker (SNCR)→WHB→SDA→ 
BF→SCR 

Dry 

3. Results and Discussion 

Hg emission concentration at the inlet and 

outlet of the facilities tested are presented in 

Table 2. Table shows Hg concentration range, 

with average value and Hg removal efficiency 

at APCDs. When flue gas passes through 

cleaning system, portion of Hg is removed and 

the measured Hg concentration decreased 

across each APCDs
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Table 2. Mercury emission concentration at the 

inlet and outlet of APCDs in tested incinerators.

 

Unit 
Hg concentration (µg Sm

–3
) Removal 

Efficiency (%) Inlet APCDs Outlet APCDs 

MWI#1
1 214.9-132.5 

(avg. 173.9) 
12.0-8.3 
(avg. 10.5) 

94.0 

MWI#2
2 56.80–75.97 

(avg. 65.43) 

7.24–10.82 

(avg. 9.46) 
95.1 

MWI#3
4
 

16.6-14.0 

(avg. 15.3) 

4.9-2.8 

(avg. 3.8) 
87.0 

MWI#4
2
 

27.40–44.26 
(avg. 32.04) 

3.71–4.59 
(avg. 4.18) 

85.5 

MWI#5
4
 

28.5-27.4 

(avg. 28.0) 

4.6- 4.2 

(avg. 4.3) 
84.6 

MWI#6
1
 

124.6-78.9 
(avg. 101.8) 

5.3-4.8 
(avg. 5.0) 

75.2 

MWI#7
4
 avg. 20.0 avg. 10 50.0 

1
Lee et al., 2007 [5];  

2
Park et al., 2008 [6]; 

4
Pudasainee, 2009 [7] 

 
 

ACI: Activated Carbon Injection, BF: Bag Filter, 

Cy: Cyclone, C: Condenser, CC: Cooling chamber, 

ESP: Electrostatic Precipitator, MWI: Municipal 
waste incinerator, PT: Packed Tower, S: Stack, 

SDA: Spray Dry Absorber, SCR: Selective 

Catalytic Reactor, SNCR: Selective Non Catalytic 
Reactor, VS: Venturi Scrubber, WHB: Waste Heat 

Boiler, WS: Wet Scrubber 

On an average, Hg emission concentrations in 

flue gas from MWI ranged 173.9 to 15.3 µg 

Sm
–3

 at inlet and 10.5 to 3.8 µg Sm
–3 

at outlet 

of APCDs respectively. Hg removal efficiency 

in wet APCDs of MWIs was higher (87.0%) 

than the dry APCDs (80.7%). Hg removal 

efficiency in the existing APCDs of MWIs on 

an average ranged 50 to 95%, with an overall 

average of 81.6%. In general, least removal of 

Hg was found in the facilities equipped with 

only the particulate removal devices and 

higher percentage of Hg were removed in 

facilities with particulate removal devices plus 

wet APCDs. Some plants also utilize activated 

carbon injection (ACI), ACI upstream of 

particulate control devices is proven methods 

to remove Hg from flue gas along with the 

particulate removal [8]. 

In addition to the particulate control devices 

like ESP and BF most of the facilities were 

equipped with additional APCDs to control 

SOX, NOx and acid gases. Thus, the removal 

of Hg in MWIs was higher than HWIs, 

HMIWIs tested and the speciation behavior 

also had wide variation. The variations in Hg 

emissions within the tested facilities may be 

affected by variations in the waste feed 

compositions, which were different in the 

facilities tested, as well as the raw material 

used and operating conditions. 

Hg speciation at inlet of APCDs and the stack 

emission of MWIs is shown in Figure 1. Hgp 

was less compared to gaseous form. Hg 

concentration decreased and speciation (Hgp, 

Hg
0
,
 
Hg

2+
) varied across APCDs. In general, 

Hg
2+

 increased across dry APCDs. More of 

Hg was converted into Hg
2+

 in dry APCDs. 

Whereas, Hg tended to be less oxidized due to 

the absorption of Hg
2+

 in the scrubber 
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solution; Hg
2+

 decreased across the wet 

APCDs. Major portion of Hg attached in 

particulates was removed across particulate 

control devices such as in ESP, BF along with 

particulate removal. 

 

Figure 1. Mercury emission speciation at inlet 

APCDs and stack of municipal waste 

incinerators [8]. 

The wide range of variation in Hg 

concentration and speciation in the tested 

facilities is related to the non-uniform 

distribution of Hg containing waste in 

incinerators, combined with variation in fuel 

composition (especially Cl, S content), 

operating parameters, interaction with flue gas 

components, fly ash properties, residence 

time, combustor types, operating conditions, 

APCDs configuration (wet or dry) [9], [10], 

[11]. Hg speciation varied between HWIs with 

different APCD types. For dry APCDs, Hg
2+

 

increased from 61.5% to 98.6%, across 

APCDs. On the other hand, Hg
2+

 decreased 

from 92.1 to 66.3% (HWI#2), 95.3 to 90.6% 

(HWI#3) and 46.9 to 23.8% (HWI#4) in the 

units with wet APCDs (Figure 2). More of the 

Hg tended to be converted into Hg
2+

 in dry 

APCDs, particularly in BF. In wet APCDs, Hg 

tends to be less oxidized due to the absorption 

of Hg
2+

 in the scrubber solution. Hg entered 

into the incineration facility through wastes, 

process materials feeding is released through 

several streams: boiler bottom ash, fly ash, 

effluents and stack emission.  

 

4. Summary and Conclusion 

i. Hg emission concentrations in stack 

emission ranged from 3.8 to 10.5 µg Sm
–3

, 

respectively. 

ii. Hg removal efficiency in wet APCDs was 

higher (87.0%) than in the dry APCDs 

(80.7%) of MWIs. Similar results were 

obtained in HWIs too.  

iii. The large variation in Hg concentration 

and speciation in the tested facilities is 

related to the non-uniform distribution of 

Hg containing waste in incinerators in 

combination with variation in waste 

composition (especially Cl, S content), 

operating parameters, flue gas components, 

operating conditions, APCDs 

configuration (wet or dry). 

iv. In general, Hg
2+

 increased across dry 

APCDs. More of Hg was converted into 

Hg
2+

 in dry APCDs. Hg tended to be less 

oxidized due to the absorption of Hg
2+

 in 

the scrubber solution. Hg
2+

 decreased 

across wet APCDs. 
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Abstract 

Five tomato varieties: Pusa Ruby, CL-1131, BARI-4, BARI-5 and Bio-Rakshya were 

planted in newly established mango orchard at Regional Agriculture Research Station 

Parwanipur. Experiment was laid out in randomized completely block (RCB) design with 

five replications. Fertilizer was applied @120:100:60 NPK kg and 15 tons farm yard 

manure per hectare. The main objective of this study was to find out suitable tomato 

varieties for better yield and more economic return in newly established mango orchard.  

On the basis of tomato fruit yield and economic benefit, Pusa Ruby which gave 

significantly highest yield (25.50 t/ha) and net economic benefit (Rs. 2,60,416.00/ha) 

followed by CL-1131 (24.60 t/ha and Rs. 2,46,180.00/ha) were selected and recommended 

for inter-cropping in young mango orchard. 
 
Key words; Benefit cost ratio, inter-cropping, legumes, soil fertility  

 

1. Introduction

Mango is the most important fruit in Terai and 

Inner Valley region of Nepal. It has been also 

cultivated in mid-hills of Nepal. The success of 

mango cultivation largely depends on the soil 

management practices. Tillage and non-tillage 

practices are common in our country. The initial 

expenditure incurred in establishment of mango 

orchard is pretty high and beyond the economic 

reach of small and marginal farmers. On the 

other hand, newly planted orchard plants 

occupy a relatively small portion of the total 

area on which they are planted. Looking into 

these aspects this experiment was conducted to 

be undertaken to study the suitability and 

profitability aspects of cultural practices and 

inter-cropping tomato crops in newly mango 

orchard. Generally in mango orchard, inter-

spaces are not utilized or cultivated as a result 

weeding problem is distinct. If we can grow any 

crop in the spaces, it will be more beneficial. 

Inter-crops utilize the inter-spaces of newly 

established and old mango orchard for more 

income without disturbing main crop, minimize 

the weed problem, and increase the income of 

mango growers.  

In the inter-space of the mango plants, 

vegetable and leguminous crops are 

recommended by the research workers (Chadha, 

et.al. 1989). Tomato crop provides some 

income. Hence, the main objective of this trial 

was to find out a suitable variety of tomato 

crop for better yield and more economic return 

in newly established mango orchard. 

This trial was conducted in 6 years old mango 

orchard. Five tomato cultivars were planted in 

newly established mango orchard for the 

selection of suitable tomato cultivars. 

 

2. Materials and methods 

Five tomato cultivars: Bio-rakshya, Bari-4, 

Bari-5, CL-1131 and Pusa Ruby were planted 

in the newly established mango orchard. 
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Experiment was laid out in RCB design with 5 

replications with 9 m
2
 plot size. Planting was 

done with spacing of line to line 60 cm and 

plant to plant 60 cm, respectively. Compost 

and chemical fertilizers were applied at the 

rate of 10 t/ha and 120:100:60 kg NPK/ha, 

respectively. Tomato fruits were harvested and 

weight recorded. Tomato crops were grown 

from the distance of 1 meter from the mango 

plant. Planting was done in November and 

tomato fruits were harvested frequently as 

shoulder portion partially matured.  

 

3. Results and discussion 

3.1 Vegetative parameter 

Plant survival 

All the seedlings of Bio-Rakshya, Bari-4, CL-

1131 and Pusa Ruby which were transplanted 

survived until its maturity but in case of Bari-

5, only 93% plants survived. 

Plant height 

Among the five tomato cultivars: Bio-Rakshya 

(86 cm) was significantly taller than other 

cultivars except Pusa Ruby (74 cm). The 

shortest plants were measured in Bari-4 and 

Bari-5 (63 cm) (Table 1).  

Plant uniformity 

Plant uniformity was significantly superior in 

cv. Pusa Ruby followed by Bari-4 and CL-

1131, respectively. 

Plant vigor 

Plants of cv. Bio-Rakshya were significantly 

vigorous as compared to other cultivars. 

 

Table 1. Vegetative parameter of tomato cultivars in mango orchard 

 
Cultivars Survival 

(%) 

Plant 

uniformity
x 

Plant 

height (cm) 

Plant 

vigor 

Canopy 

coverage (%) 

Days to  

flowering (50% 

plants) 

Bio Rakshya 100 3.6 86 5 72 41.6 
Bari 4 100 4.0 63 3 63 34.6 

Bari 5 .93 3.4 63 3 61 36.6 

CL 1131 100 3.8 69 3 62 43.2 

Pusa Ruby 100 4.4 74 3 71 37.4 
       

CV% 1.23 12.08 12.7 41.3 12.29 7.41 

F-test Ns * ** ** Ns ** 
LSD (0.05) 0.328 0.622 12.13  10.84 3.84 
 

x
Plant uniformity: 1, unacceptable and 5, excellent. 

 

3.2 Yield parameter 

Tomato fruit yield  

Among the five tomato cultivars: Pusa Ruby 

(25.50 t/ha) and CL-1131 (24.60 t/ha) gave 

significantly higher yield than Bio-Rakshya 

(18.85 t/ha). But there were some 

unmarketable tomato fruits ranging from 5.2% 

in cv. Bari-4 to 7.2% in cv. CL-1131 (Fig. 1). 
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Figure 1. Unmarketable percent in tomato 
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cultivars 

Seeds number per fruit 

Difference of seeds number per fruit between 

the crops was distinct. The highest number of 

seeds per fruit (79) was noticed in Pusa Ruby 

whereas the least number of seeds (33) was 

recorded in cv. CL-1131 (Table 2).  

Number of fruits per plant  

The highest number of fruits per plant (52) 

was counted in cv. Pusa Ruby followed by 

CL-1131 (49) whereas the fewest number of 

fruits (25) per plant was obtained in cv. Bio-

Rakshya. But the relation between number of 

fruits per plant and average weight of fruit is 

adversely proportional. As the number of 

fruits per plant is increased, average weight of 

fruits decreased. Both the cvs Pusa Ruby and 

CL-1131 had 18 gm average weight of fruit 

 

3.3 Economic parameter 

From economic point of view, among the 

cultivars, the net benefit from the Pusa Ruby 

was Rs. 2,60,416.00 followed by CL-1131 (Rs. 

246180.00) per hectare. When benefit cost 

ratio was calculated, the highest benefit ratio 

(2.48) from Pusa Ruby follwed by CL-1131 

(2.34). Hence, Pusa Ruby and CL-1131 are 

superior cultivars for inter-cropping in new 

mango orchard (Table 3).

 

Table 2. Yield parameter of five tomato cultivars in new mango orchard 

 
Cultivars Matu

rity 

Seed 

no 

/fruit 

Fruits/

plant 

(#) 

 

Av.wt.of 

fruit 

(gm) 

Fruit 

(kg/ha) 

Marketa

ble fruit 

(kg/ha) 

Non 

marketabl

e (fruit 

kg/ha) 

Non marketable 

No (%) Wt. 

(%) 

 

Bio Rakshya L 37 25 28 18847 b 17583 1264 14.4 6.7 

Bari 4 M 35 39 21 23236 ab 22027 1208 10.98 5.2 

Bari 5 M 38 40 20 22139 ab 20667 1472 10.69 6.6 
CL 1131 M 31 49 18 24597a 22819 1778 12.0 7.2 

Pusa Ruby L 79 52 18 25500 a 23791 1708 10.78 6.7 

CV%   17.8 12.8 16.8   21.5 28.1 

F-test   ** ** *   ns ns 

LSD (0.05)   10.6 3.33 516   2.72 2.48 

 
 

Table 3. Economic benefit from five legume crops in mango orchard  
 

Tomato cultivars Income (Rs) Cost of cultivation (Rs.) Net benefit (Rs) Benefit cost ratio 

Bio Rakshya 2,70,069.00 1,05000 1,65,069.00 1.57 

Bari 4 3,36,458.00 1,05000 2,31,458.00 2.20 
Bari 5 3,17,361.00 1,05000 2,12,361.00 2.02 

CL 1131 3,51,180.00 1,05000 2,46,180.00 2.34 

Pusa Ruby 3,65,417.00 1,05000 2,60,416.00 2.48 
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4. Conclusion and recommendation 

On the basis of over all characteristics 

specially from the economical point of view, 

Pusa Ruby and CL-1131 are superior cultivars 

crops for inter-cropping in new mango 

orchard 
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Abstract  

The paper describes an evaluation of the suitability of administering Spirulina meal 

cultured in treated effluents to the culture of Sarotherodon mossambicus. The effluents 

obtained from a gelatin manufacturing unit after its tertiary treatment was used as a 

recycled water resource for the cultivation of Spirulina platensis. Further the harvested 

Spirulina was administered as daily feed upto 50% level to Sarotherodon mossambicus. In 

the trial period of 120 days there was no observable adverse effect on the growth, metabolic 

or reproductive behavior of the fish. Rather, inclusion of Spirulina as a protein supplement 

in the daily diet of the fish showed significant increase in the size of fish in relation to 

controlled system, where basic aquaculture feed was administered. The results suggest that 

Spirulina cultured in suitably treated waste water can be used as a low cost, bio-safe yet 

nutritious feed supplement to be included in aquaculture and can replace many of the 

expensive ingredients used in their feed otherwise. The result of the present study provides 

encouraging scope of integration of Spirulina cultivation in much flourishing aquaculture 

sector of animal husbandry.  

Key words: Bio-safe, feed supplement, sarotherodon mossambicus, spirulina platensis, 

pisciculture.  

 

1. Introduction

Pisciculture is seen as one of the most 

flourishing sector in the animal husbandry. 

However, the cost incurred in the fish feed in 

the name of enhancement of their biomass as 

well as flesh quality has been a matter of 

concern at the recent time. It is, therefore, the 

need of the hour to develop balanced 

inexpensive feed preferably from economical 

and natural resources. Trails were conducted 

with Spirulina meal cultured in organic media 

by feeding it to tilapia and Indian major carps 

[1]. The results of their study suggested that 

Spirulina can be used upto 70% level of the 

daily feed and hence act as a substitute to 

several costly ingredients commonly used in 

the aquaculture feeds. Furthermore, Spirulina 

can be cultivated in suitably treated effluents 

obtained from gelatin manufacturing industry 

in order to reduce its production cost at 

commercial level [2].  It is important 

however to evaluate the bio-safety of 

Spirulina cultured in waste water for the 

consumption by living organisms. In this 

context, present study highlights the feeding 

trials of Spirulina harvested from culture that 

used suitably treated effluents as the water 

resource [2]. 

 

2. Materials and methods 

Trials were first conducted at small scale in 

aquaria and later scaled up in concrete tanks. 

Semi fingerlings of Sarotherodon 

mossambicus were procured from the streams 

of Chikloli dam 4 Km from west of Badlapur, 

Maharashtra. For each set a control was used 

for comparison. 

In the 1
st
 set of experiment 10 tilapias were 

introduced into a rectangular aquarium 0.9 X 
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0.425 X 0.3 m containing 75 L water (Plate 1). 

Fish in the treated set were initially fed with 

95% standard balanced pellets and 5% fish 

feed. Within a week, Spirulina meal was 

gradually introduced in the feed administered 

to the treated sets. Thereafter, the feed 

consisted of 30% of Spirulina meal and 65% 

standard balanced pellets and 5% fish feed. 

The feed was administered at the rate of 5% 

total body weight. The feed in the control set 

consisted of 95% Standard balanced pellets 

and 5% fish feed at 5% body weight 

throughout the trial period. The experiment 

lasted for 120 days. 

 

 
Palte -1 

 

 
Plate -2 

 

The 2
nd

 set of experiments comprised of 26 

tilapia in concrete tanks 1.2m in diameter and 

0.9m height with 600-litre water (Plate 2). The 

feed administered to the treated set was 50% 

Spirulina meal and 50% standard balanced 

pellets. The feed in the control set consisted of 

95% Standard balanced pellets and 5% fish 

feed at 5% body weight. The experiment 

lasted for 120 days. 

The composition of standard balanced pellets 

was protein 36%, fat 2%, fibre 6%, acid 

insoluble ash 4%, lysine 2%, methionine and 

cystine 1%, calcium 3%, phosphorus 1%, 

fillers 45%. The metabolizable energy was 

2500 kcal/kg. The composition of the fish feed 

was bone meal 65% and fish meal 35%. 

The Spirulina platensis was cultured in 

potable water along with gelatin industry 

effluents (50%) after the tertiary treatment by 

application of state-of-the-art microbial 

biotechnology coupled with phycoremedial 

measures [2].  

The different feeds were autoclaved at 1.05 

kg/cm
2 

(15 pounds/inch
2
) for 40 minutes. 

Aeration in all the sets was for 4-6 hrs d
-1 

and 

water was changed every 10 to 15 days. Effect 

of Spirulina feed harvested from the culture 

that used the waste water as media component 

was determined in terms of the percentage 

survival, weight gained and reproductive 

behaviour of the test system of fish. Data 

collected were analyzed using the statistical 

package described in Schaum‟s Outline Series 

[3] and online software 

http://www.graphpad.com/quickcalcs/ttest2.cf

m. 

 

3. Results and discussion 

In the 1
st
 set of experiments, the feed uptake 

and growth of Spirulina fed tilapia in 120 days 

did not differ significantly than those of 

control. However, slight increment in length, 

breadth, and body weight has been on record 

(Table 1). Survival rate was 100%. After 95 

days tilapia hatched in both control and treated 

aquaria. The number of fry per female in both 

was about the same. Spirulina cultured in 

http://www.graphpad.com/quickcalcs/ttest2.cfm
http://www.graphpad.com/quickcalcs/ttest2.cfm
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effluents had no adverse effect on weight gain, 

reproductive behaviour, or general metabolism 

when administered upto 30% level of daily 

diet. From semi fingerlings stage to maturity, 

fish in the treated tanks seem to like nibbling 

Spirulina feed coated tablets. Fish existed in 

harmony in both control and treated aquaria. 

In the 2
nd

 set of experiments, Spirulina meal at 

50% level in treated tanks had no observable 

adverse effects on the growth of tilapia (Table 

2). Survival rate was about the same for the 

treated and control groups. Hatching occurred 

in 95 – 100 days in both control and treated 

pools. The number of fry was about the same 

in both the sets. So also the metabolic 

behaviour that is movement and excretion was 

normal in both cases.  

An earlier study reported that although the 

physical properties of Spirulina cultured in 

effluents had a slight difference but the bio-

chemical status was significantly matching 

with the Spirulina cultured in conventional 

medium [4] (Tables 3, 4). 

The findings from these studies indicate that 

Spirulina meal cultured in suitably treated 

effluents may be administered upto 50% level 

in the daily feed of fish with no adverse 

effects on growth, metabolic, or reproductive 

behaviour.  

Several studies have shown the attempts of 

researchers to substitute basic ingredients of 

fish feeds partially or totally in daily feeds [5]. 

Studies on rainbow trout (Salmo gairdneri) [6] 

and on common carps [7, 8] had shown the 

possibility of partial substitution of fish feed 

by worm meal.  

In earlier attempts Spirulina too has been 

tested for its potential nutritional properties by 

using it as animal and fish feed [9]. It has been 

proved that the fish grown on feed containing 

Spirulina are of better quality, having better 

flavor, firmer flesh and brighter skin colour 

[10, 11, 12]. Spirulina feed has also been used 

on silver sea breams and red sea breams to 

obtain high market price [13, 14]. Also a study 

had demonstrated that there can be observable 

improvement in the colour, taste and texture of 

fish fed with Spirulina [15]. In feeding trials 

conducted on Swiss albino mice (Mus 

musculus) it was observed that Spirulina fed 

mice exhibited better growth and vigour in 

relation to mice fed with standard mice feed, 

thereby proving the potential benefits of 

including protein rich supplement in daily diet 

of experimental animal [4]. 

Findings from the present study also suggest 

inclusion of Spirulina meal upto 50% for 

tilapia. The earlier studies have focused on 

differences in Spirulina cultured in organic 

medium vis-à-vis chemically grown Spirulina 

[16].  It is now worthwhile for us to compare 

the effect of Spirulina cultured in waste water 

vis-à-vis Spirulina cultured in conventional 

medium as a major supplement in aquaculture 

feed at commercial level and work out cost 

benefit ratio of each. 

 

4. Conclusion 

The findings from these studies indicates that 

Spirulina meal cultured in treated effluents 

may be included in tilapia feeds at up to 50% 

of the daily diet. Moreover there are no 

adverse effects on growth, metabolic, or 

reproductive behavior of the fish culture. In 

short, Spirulina feed could replace many of 

the expensive ingredients in the standard fish 

feed.  
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Table 1. Average growth of fish fed Spirulina meal 30% of the diet in relation to control. 

 

Time 

in 

Days 

Length [cm] % Inc. Breadth [cm] % Inc. Weight [gm] % Inc. 

C* T* C T C T 

0 3.00 3.20 6.66 0.82 0.87 6.09 3.10 3.18 2.58 
30 4.50 4.80 6.66 0.97 1.06 9.28 4.95 5.10 3.03 

60 7.90 8.10 2.53 1.40 1.80 28.57 8.85 9.15 3.39 

90 9.85 10.00 1.52 2.60 2.65 1.92 15.00 16.70 11.33 

120 10.25 11.00 7.32 2.72 2.78 2.20 20.80 22.20 6.73 

*C – Control, *T- Treated, % Inc. – Percentage increase in relation to Control. 

Table 2. Average growth of tilapia fed Spirulina meal 50% of the diet in relation with control in concrete 

tanks. 

Time 

in 

Days 

Length [cm] % Inc. Breadth [cm] % Inc. Weight [gm] % Inc. 

*C *T C T C T 

0 2.90 2.98 2.75 0.75 0.78 4 3.20 3.22 2.5 

30 5.20 5.28 1.54 1.10 1.22 10.9 6.85 7.45 8.76 

60 12.08 13.08 2.19 1.50 1.65 10 14.50 15.09 4.07 
90 14.06 15.08 7.25 2.85 2.90 1.75 28.00 30.50 8.93 

120 15.85 16.20 2.21 2.96 3.10 4.73 36.80 38.90 5.71 

C – Control, T- Treated, % Inc. – Percentage Increase in relation to Control. 

 

Table 3. Physical properties of S. platensis cultured in different types of media 

 

Observational Parameters Spirulina  cultured in standard 

chemical medium (C*) 

Spirulina cultured in effluents 

(T*)  

Colour Dark blue - green Light green 
Odour Mild resembling sea weed Mild resembling sea weed 

Taste None None  

Consistency Slimy when wet Slimy when wet 
pH 8.4 ± 0.089  

#
7.06 ± 0.108 

Fresh weight [gL
-1

] 13.5 ± 0.33  
##

10.67 ± 0.59 

Average length of coiled 
trichome (µ)  

127.88 ± 6.27 108.75 ± 4.84 

Helix diameter (µ) 28.13 ± 1.48 *13.13 ± 2.48 

Insect fragments [10 g-1] <30 <30 

C, Control; T, Treated; Each value is average of 5 observations ± Standard Error of the mean; Two 
tailed P value was determined in relation to C; #P<0.0001, ##P=0.0032; *P=0.066 
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Table 4: Comparison of general composition of Spirulina feed cultured in selected liquid effluents vis-à-
vis conventional medium 

 

Overall compostion 

[% dry matter] 
Control Treated 

Crude Protein [N x 6.25 55.58   46.84 

Lipids 2.3   3.07 

Carbohydrates 10.11   9.21 

Crude fibre 1.4   1.73 
Ash 6.8   7.0 

Moisture 8 - 9   8 – 9  

Analysis of Certain compounds (g / 100g dry matter) 

Total Nitrogen 10.0 10.23 

Non – protein nitrogen 1.5 1.72 

Available lysine [g/100g protein]  2.96 2.67 

RNA 2.90 2.41 

DNA 1.00 1.03 

Calcium 0.75 0.77 

Phosphorus 1.42 1.21 

Sodium 0.45 0.41 

Magnesium 0.90 0.97 

Iron 0.12 0.13 

Potassium 1.42 1.57 

Vitamins [mg / kg dry matter] 

Thiamine 27.8   24.21 

Riboflavin  33.4   32.6 

Pyridoxyl - HCl 1.3   1.3 

Cobalamine 2.4   2.4 

Biotin 0.06   0.03 

Beta – carotene 500   430 
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Abstract 

This paper provides a general introduction of smart materials and, also the details about 

development, characteristic properties including an associated micro-structural behavior of 

a particular type of smart materials known as Shape Memory Alloys (SMA). The last 

section presents practical implementation of SMAs with a brief description of several 

recent applications of SMAs and the potential applications in future. 

 

Key words: Smart materials, shape memory alloy (SMA),  

 

1. Introduction

The history of applied metallurgy can be 

traced back to 6000 BC. Until the end of 17
th

 

century there were altogether 12 metals 

discovered which increased to 24 before 19
th

 

century. Currently there are 86 known metals. 

For centuries, metals have played an important 

role as structural materials. Techniques of 

alloying, smelting, and forging have been 

evolving since the bronze and iron ages with 

advancements in science and technology. 

Deeper understanding of the effects of 

microstructure and processing techniques on 

the material behavior further fueled the 

development of this area dramatically in past 

decades. The study of metal alloys is a 

significant part of materials science. 

The demand for lighter, stronger materials 

with tailored properties that address both 

stringent structural requirement and provide 

additional engineering functionality (e.g., 

sensing, actuation, electromagnetic shielding) 

has introduced a new branch of material called 

multifunctional materials. A specialized 

subgroup of multifunctional material which 

can exhibit sensing and actuation capabilities 

is known as active materials, smart material or 

intelligent material. Smart materials are 

materials that have one or more properties that 

can be significantly changed in a controlled 

fashion by external stimuli, such as stress, 

temperature, moisture, pH, electric or 

magnetic fields [1]. 

The fundamental difference in sensing and 

actuation is that, in sensing, a mechanical 

signal is converted into a non-mechanical 

output (e.g., voltage), while an actuator 

converts a non-mechanical input (e.g., 

electrical power) into a mechanical output 

which is one or more orders of magnitude 

greater than the response resulting from 

conventional materials (e.g., thermal 

expansion). Smart materials can be further 

subdivided into materials that exhibit direct or 

indirect coupling. Piezo-ceramics, 

piezoelectric polymers, magnetostrictive 

ceramics, shape memory alloys and magnetic 

shape memory alloys are some of the 

examples of active materials that exhibit a 

direct coupling. However, there is yet another 

class of smart materials such as electro-

rheological fluids (ERF) and magneto-

rheological fluids (MRF) whose mechanical 

behavior changes with viscosity when there is 

a change in the electric field. This indirect, or 
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one-way, coupling usually lacks the 

reciprocity of the two-way coupling exhibited 

by active material that directly couple two 

fields. A general classification of smart 

materials according to the stimulation and 

response is show in Table 1 

.

  

Table 1. Classification of smart materials (Extracted from [2]) 
 

  Response 

Stimuli 

Electrical Magnetic Optical Thermal Mechanical 

Electrical - - Electrochromic 

Electroluminescent 

Electro-optic 

Thermoelectric Piezoelectric 

Electrostrictive 

ER Fluids 

Magnetic - - Magneto-optic  MR Fluids 

Optical Photoconductor  Photochromic   

Thermal   Thermochromic 

Thermoluminescent 

 Shape Memory 

Mechanical Piezoelectric 

Electrostrictive 

Magnetostrictive Mechanochromic  Negative 

Poisson Ratio 

 

Out of many factors for application and 

selection of smart materials the two key 

design drivers are the actuation energy density 

(available work output per unit volume) and 

the actuation frequency of the materials. 

Figure 1 and figure 2 shows actuation energy 

density for different materials with direct 

coupling and actuation frequency ranges of 

different smart materials that exhibit direct 

coupling respectively. 

 
Figure 1. Actuation energy density diagram 

indicating typical ranges of actuation stress, 

actuation strain, and the actuation energy 

densities of different active materials that 

exhibit direct coupling [3]. 

 

 
 

Figure 2. Actuation frequency diagram 

comparing the actuation frequency ranges of 

different active materials that exhibit direct 

coupling [3]. 

 

Table 2 shows the comparison of several 

smart materials in terms of strain, stress and 

efficiency [4].  

 

Table 2. Comparison of SMA with other smart 

materials  
Smart Materials Strain 

(%) 

Stress 

(MPa) 

Efficiency 

(%) 

Piezoelectric 0.1 35 >75 

SMA >4 >300 >3.8 

Magnetostrictive 0.2 - <50 

IPMC >40 0.3 >30 
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A general definition of smart structures are 

structures integrated with sensors, actuators, 

and a control system that performs many 

desirable functions in response to 

environmental inputs and work in perfect 

harmony with each other [5]. 

 

2 Characteristic properties of shape 

memory alloys 

Although the discovery of shape-memory 

effect could date back to the early 1950s, the 

engineering significance of SMAs was not 

well recognized until the shape memory effect 

(SME) was discovered in the near-

stoichiometric Ti-Ni alloys (Nitinol) in 1963 

[6] . The unique thermo-mechanical properties 

of shape-memory alloys originate from the 

thermo-elastic phase and structure transitions 

that occur in these materials. In the simplest 

case, a nickel titanium-type SMA can be in 

either of the two phase states: the high-

temperature austeneite state and low-

temperature martensite state. The austenite 

state has the BCC (body-centered cubic) 

crystal structure of B2-type with the cell 

typical dimension nearly equal to a0= 0.3015 

nm. [7] The martensite state has the 

monoclinic structure with distortions of B19-

type with the cell dimensions  = 0.2889 nm, 

b = 0.4120 nm, and c = 0.4622 nm and the 

monoclinic angle  = 96.8.  

SMAs are a class of materials characterized by 

fascinating behaviors, such as, it can recover 

from large strains through the application of 

heat or removal of stress and ability to return 

to an initial shape by moderate heating after a 

mechanically imposed deformation. The 

former is known as super-elasticity and the 

later is known as shape memory effect. These 

unique characteristics make SMAs distinct 

from other metals and alloys. 

2.1 Phase Transformation in SMA 

A metallurgical phase diagram for a metallic 

alloy is a schematic representation of the 

equilibrium conditions between distinct 

phases. Within the typical operating 

temperature range SMAs have two phases, 

each with a different crystal structure and 

therefore different properties. One is the high 

temperature phase called austenite (A) and the 

other is the low temperature phase called 

martensite (M). Austenite (generally cubic) 

has a different crystal structure from 

martensite (tetragonal, orthorhombic or 

monoclinic). The transformation from one 

structure to the other does not occur by 

diffusion of atoms, but rather by shear lattice 

distortion called martensitic transformation. 

Each martensitic crystal formed can have a 

different orientation direction, called a varian. 

The assembly of martensitic variants can exist 

in two forms: twinned martensitic (M
t
), which 

is formed by a combination of “self-

accommodated” martensitic variants, and 

detwinned or reoriented martensite in which a 

specific variant is dominated (M
d
). The 

reversible phase transformation from austenite 

(parent phase) to martensite (product phase) 

and vice-versa forms the basis for the unique 

behavior of SMAs. 

2.2 Shape memory effect 

Upon cooling in the absence of an applied 

load, the crystal structure changes from 

austenite to martensite. The transformation 

results in the formation of several martensitic 

variants, up to 24 for NiTi. The arrangement 

of variants occurs such that the average 

macroscopic shape change is negligible, 

resulting in twinned martensite. When the 

material is heated from the martensite phase, 

the crystal structure transforms back to 

austenite, and this transition is called reverse 

transformation, during which there is no 

associated shape change. 
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Figure 3. Shape memory effect of an SMA 

showing the unloading and subsequent hearing 

to austenite under no load condition (Ms is 

martensitic start temperature, Mf is martensite 

finish temperature, As is austenitic start 

temperature and Af is austenitic finished 

temperature) [3]. 

 

A subsequent heating of the SMA to a 

temperature above Af will result in a reverse 

phase transformation (from detwinned 

martensite to austenite) and will lead to 

complete shape recovery. Cooling back to a 

temperature below Mf (forward 

transformation) leads to the formation of 

twinned martensite again with no associated 

shape change observed. This process is 

referred to as the Shape Memory Effect 

(SME). The nature if SME can be better 

understood by following the 

thermomechanical loading path in a combined 

stress-strain-temperature space as shown in 

figure 4 (Fig. 4). 

 

  
 

Figure 4. Stress-strain-temperature data 

exhibiting the shape memory effect for a 

typical NiTi SMA [3] 

 

The stress () is the uniaxial stress on the 

specimen due to an applied load. The 

corresponding strain () is the change in the 

length of the specimen along the direction of 

applied load, normalized by the original length. 

At point A, the stress-free cooling of austenite 

below the forward transformation temperature 

(ms and Mf) results in the formation of 

twinned martensite (point B). When the 

twinned martensite is subjectedto an applied 

srress that exceeds the start sress level (s), 

the reorientation processis initiated, resulring 

in the frowth of certain favourable variants. 

The detinning process is completed at a stress 

level, (f), that is characterized by the end of  

the platea in the - diagram. The material is 

then elastically unloaded from C to D and then 

detwinned martensitic state is retained. Upon 

hearing in the absence of stress, the reverse 

transformation initiates as the temperature 

reaches As (point E) and is completed at 

temperature Af (point F), above which only the 

parent austenitic phase exists. In the absence 

of permanent plastic strain generated during 

detwinning, the original shape of the SMA is 

regained (point A). Subsequent cooling to 
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martensite will again result in the formation of 

self-accommodated twinned martensitic 

variants with no associated shape change, and 

the whole cycle of SME can be repeated. A 

typical material properties of commercially 

available SMA wire is showin in table 3. 

 
Table 3: Mechanical properties of typical SMA 

Properties Value 

Density (kg/m3) 6450 

Young‟s modulus (GPa) 75 (A) 

28-41 (M) 
Yield strength (MPa) 195-690 (A) 

70-140 (M) 

Ultimate tensile strength (MPa) 895 
Thermal conductivity 8 (M), 18 (A) 

Resistance (/m) 13 

Maximum recovery stress 

(MPa) 

600 

Poission‟s ratio 0.33 
Elongation at failure (%) 25-50 

Allowable deformation (%) 0.83 (A) 

A, austenite; M, martensite 

 

3. Applications 

Under specific conditions, SMAs can absorb 

and dissipate mechanical energy by 

undergoing a reversible hysteretic shape 

change when subjected to applied mechanical 

cyclic loading. These unique characteristics of 

SMAs have made them popular for sensing 

and actuation, impact absorption and vibration 

damping applications. SMAs can be readily 

fabricated into various forms or sizes; such as, 

films, fibers, and particles and porous bulks, it 

is technically feasible to make them an active 

element in various composites.  

Applications of SMAs spans a wide variety of 

industrial sectors such as aerospace, 

automobile, biomedical, and oil exploration 

has been successfully used in the fabrication 

of various smart structure applications in 

micro-electro-mechanical systems (MEMS), 

medical implants, intelligent materials, 

structural systems and shape-morphing 

applications. Some of the recently 

documented applications of SMAs are 

adaptive wings, shape morphing, adaptive 

antenna, hinge free solar panels, robotic arms, 

manipulators in the form of SMS-reinforced 

composites and structures with varying 

stiffness properties etc.

 

 
(a) 

 
(b) 
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(c) 

 
(d) 

 

Figure 5: Some of the application of SMAs (a) Boeing variable geometry [9], (b) Stent for 

medical surgery [10] (c) rolling robot [11] and (d) morphing structures [12] 

 

Because of higher damping capacity along 

with the shape memory effect (SME) and 

super-elasticity effect SMA has potential for 

application in civil engineering structures, 

particularly in bridges. [8] 
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Abstract 

A systematic and comprehensive study of the solution behavior of a surfactant in mixed 

solvent media has been carried out from electrical conductivity and surface tension 

measurements. The binary mixtures of methanol and water have been chosen as the solvent 

system in the present study. Cetyltrimethylammonium bromide (CTAB) as the surfactant 

in this investigation. The micelle behaviour of Cetyltrimethylammonium bromide in 

methanol-water mixed solvent media containing 0.10 volume fractions of methanol at 

308.15 K has been closely observed by the value of critical micelle concentration (cmc) 

obtained from conductivity and surface tension study.  

Key Words: electrical conductivity, surface tension, binary mixtures, cetyltrimethylammounium 

bromide, methanol-water 

 

1. Introduction 

A common characteristic property of the 

chemical substances is that they are either 

soluble in oil or in water. Substances, which 

are well soluble in water are usually poorly 

soluble in oil and are known as polar. 

Substances, which are well soluble in oil are 

often sparingly soluble in water and are called 

apolar. An amphiphile is a molecule composed 

of a polar and an apolar part. The polar part is 

generally referred to as the head group 

(hydrophillic), and the apolar part is known as 

the tail (hydrophobic). The word amphiphile is 

derived from the Greek words amphi (= both) 

and philios (= friend). So an amphiphilic 

molecule likes both oil and water. This 

combination of water- and oil-loving parts 

provides this class of substances with a range 

of interesting features. For example, they have 

the ability to form aggregates (known as 

micelles) and other self-assembled structures 

[1]. 

1.1. Surfactants 

The amphilphiles that have the property of 

getting adsorbed onto the surfaces of a system 

thus modifying the interface free energies are 

referred to as surface-active-agents or 

surfactants. Such molecules have both 

hydrophilic and hydrophobic regions in their 

structures as illustrated schematically in figure 

(Fig. 1) [2]. 

 

 

Figure 1. Structure of a surfactant 

Most surfactants have a long hydrophobic tail 

that can be linear or branched which interacts 

only very weakly with the water molecules in 

an aqueous environment; hence the chain is 

called a hydrophobic tail. The hydrophilic 

head is a relatively small ionic or polar group 

that interacts strongly with the water 

molecules via dipole-dipole or ion-dipole 

interactions. 
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1.2. Types of Surfactants 

Surfactants can be classified according to their 

physical properties or functionalities. The 

following is the most common classification 

based on the nature of the head group. 

1.2.1 Ionic surfactant: The head group of an 

ionic surfactant can be ionized in an aqueous 

solution. Depending on the outcome of this, 

there are a number of subcategories. If the 

charge on the head group is negative, the 

surfactant is said to be anionic. If the residual 

charge is positive, the surfactant is cationic 

and common examples of this kind are 

alkyltrimethylammonium[3-4] and 

alkylpyridinium halides [5]. 

 

 

 

Figure 2. Molecular structure of two common ionic surfactants. a) Sodium dodecyl sulfate 

(SDS) b) Cetyltrimethylammonium bromide (CTAB)

In some surfactant molecules the ionization 

leads to two separate groups of opposite 

charges attached to the hydrophobic part [6-7]. 

Such surfactants are called zwitterionic and 

these are common in biological systems [7]. 

This type of surfactant can also be regarded as 

nonionic, since their total charge is zero. 

Catanionic surfactants consist of oppositely 

charged surfactant ions, i.e., one surfactant 

acts as counterion to the other [8-10]. 

Catanionic surfactants can be either symmetric 

(both alkyl chains are of the equal length) or 

asymmetric (one chain is shorter than the 

other). 

1.2.2. Nonionic surfactant: As the name 

implies, nonionic surfactants lack groups that 

can easily be ionized. Examples of nonionic 

surfactants with a polyoxyethylene [11-12] 

and a polyhydroxy [6,13] moiety are shown 

below (Fig. 4). Compared to ionic surfactants 

of comparable size, nonionic surfactants form 

aggregates at lower concentration and the 

aggregation behaviour is less sensitive to the 

added salt due to the absence of repelling 

charges in the head groups 

 

Figure 3. A symmetric catanionic surfactant, 

octylpyridinium octanesulphonate (OPOS) 

 

 

Figure 4. Nonionic surfactants:  

a) Pentaoxyethylene dodecyl ether (C12E5) 

b) n-octyl -D-glucoside (OG) 

 

2. Critical Micelle Concentration (cmc) and 

its Determination 

In dilute solutions, surfactant molecules exist 

as individual species in the media and the 

solutions have completely ideal chemical and 
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physical properties. As the surfactant 

concentration increases, chemical and physical 

properties of the solutions deviate from 

ideality by varying degrees, and at a certain 

concentration, aggregation of the surfactant 

monomers occurs and micelles are formed. 

This concentration is called the critical micelle 

concentration (cmc). The critical micelle 

concentration indicates usually a narrow range 

of concentrations separating the limits below 

which most of the surfactant is in the 

monomeric state and above which virtually all 

additional surfactant molecules enter the 

micellar state [14]. 

The cmc is a very important solution property 

of surfactants. Its determination thus requires 

a special attention. Mukerjee and Misels [15] 

reviewed about 70 methods which have been 

published for cmc determination. The 

appropriate choice of the method depends 

upon the availability of the various techniques, 

the relationship between the technique and the 

ultimate application, and the personal 

preferences of the investigator. Many 

techniques have been used for this purpose 

including surface tension, osmotic pressure, 

turbidity, conductivity, capillary 

electrophoresis, light scattering, spectroscopic 

techniques including fluorescence [16-25]. 

The most frequently used methods are surface 

tension, conductivity and fluorescence. The 

conductivity method is applicable only to 

ionic surfactants. The critical micelle 

concentrations of surfactant solutions 

measured by different methods demonstrate a 

distinct feature on the change in concentration 

dependence of the physicochemical properties 

around the critical micelle concentration as 

shown in figure (Fig. 5).  

The properties show breaks in the plots which 

are considered as the cmc points for the 

surfactant under investigation. It is to be noted 

that the cmc values determined by different 

methods fall within a narrow range, i.e., the 

cmc is moderately method dependent. It may 

be mentioned in this context that the 

acceptance limit of variation of cmc is within 

 10%. 

 

3. Scope and Objective of the Work 

Surfactants have been the subject of extensive 

investigation since the early days of Surface 

science. They still continue to be a very active 

area of research in a variety of fields e.g., 

chemistry, physics, biology, medicine, 

materials science and nanotechnology. The 

extensive interest in the area of surfactants 

shoots from the scientific curiosity in 

understanding their behaviour and also from 

their enormous potential in commercial 

applications.
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Figure 5. Change in concentration dependence of a wide range of physico- chemical quantities 

around the critical micelle concentration [26] (After Lindman et al
 
1980). 

The present project work, therefore, aims at 

elucidating the behaviour of a selected 

surfactant (cetyltrimethylammonium bromide 

(CTAB) in methanol-water mixed solvent 

media using different experimental techniques. 

The objectives of the present investigation 

would be to study of conductance and surface 

tension of cetyltrimethylammonium bromide 

(CTAB) in solution phase. This study is 

expected to be very important to make fruitful 

use of this class of surfactants, i.e. either to 

develop new applications or to extend already 

existing applications. In particular, the 

behaviour of the cetyltrimethylammonium 

bromide (CTAB) will be investigated in 

methanol-water mixed solvent media under 

salt free condition.  

The cetyltrimethylammonium bromides 

(CTAB) are bio-degradable, non-toxic and are 

widely available material at low costs. They 

are widely used in the food processing, to 

stabilize emulsions and suspensions, and to 

improve the texture of the food products. The 

conductometry and tensiometry works are 

very informative study as for cmc calculation.  

 

4. Experimental 

Conductance measurements were carried out 

on a Pye-Unicam PW 9509 conductivity meter 

at a frequency of 2000 Hz using a dip-type 

cell with a cell constant of 1.15 cm
-1

 and 

having an uncertainty of 0.01 %. The cell was 

calibrated by the method of Lind and co-

workers [27] using aqueous potassium 

chloride solution.  The measurements were 

made in a water bath maintained within  0.01 

K of the desired temperature. Several 

independent solutions were prepared and runs 

were performed to ensure the reproducibility 

of the results. Due correction was made for the 

specific conductance of the solvent by 

subtracting the specific conductance of the 

relevant solvent medium from those of the 

surfactant solutions.  

The surface tensions of the surfactant 

solutions were measured at 308.15K using a 

Krüss (Germany) K9 tensiometer by the 

platinum ring detachment method. The 

tensiometer was connected to a water-flow 

cryostat to maintain the temperature 

equilibration. Prior to each measurement, the 

ring was briefly heated by holding it above a 

Bunsen burner until glowing. The 

measurements were made in a thermostat 

maintained within  0.01 K of the desired 

temperature.  
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Table 1. The Critical Micellar Concentration 
(cmc) obtained from Tensiometry and 

Conductometry in Methanol-Water Mixed Solvent 

Media Containing 0.10 volumes fraction of 
Methanol at 308.15 K. 

–––––––––––––––––––––––––––––––––––––– 

Volume fractions of methanol 
0.10 

 

Temperature        ––––––––––––– 

(K)           
 
 cmc(mM) 

––––––––––––––––––––––––––––––––––––––– 

308.15 

 

1.11
a
   1.13

b
 

––––––––––––––––––––––––––––––––––––––– 
 a 

Values obtained from tensiometry 
 b 

Values obtained from conductometry 

 

5. Results and Discussion  

The critical micellar concentrations (cmc) of 

CTAB were determined both from 

conductometry and tensiometry. These were 

obtained from the inflections in the plots of 

specific conductivity versus surfactant 

concentration. The data points above and 

below the inflection were fitted to two linear 

equations, and the cmcs were obtained from 

the intersection. This method is found to be 

reliable and convenient for the present system 

because of the significant variations of 

specific conductivity with surfactant 

concentration in the pre- and postmicellar 

regions which allowed us to draw two 

unambiguous straight lines above and below 

the cmc. In tensiometry, the cmcs were the 

threshold surfactant concentrations required to 

saturate the air/solution interface and were 

obtained from the sharp breaks in the surface 

tension (  ) versus log [surfactant] profiles. 

The plots for CTAB in 0.10 volume fractions 

of methanol at 308.15 K in Figure 6 and 7 for 

conductometry and tensiometry, respectively. 

The cmc values of CTAB in methanol-water 

mixtures containing 0.10 volume fractions of 

methanol at temperature 308.15K are shown 

in Table 1.  
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Figure 6. Variation of the specific 

conductivity (κ) with the concentration for 

CTAB solution in methanol-water mixture 

containing 0.1 volume fractions of methanol at 

308.15 K. 
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Figure 7. Variation of  with log [CTAB] for 

CTAB in methanol-water mixture containing 

0.1 volume fractions of methanol at 308.15 K. 

 

6. Conclusion 

The solution behaviour of a surfactant in 

methanol-water mixed solvent media 

containing 0.10 volume fractions of methanol 

at 308.15 K have been studied by measuring 

conductivity and surface tension through 

conductometry and tensiometry methods 

respectively. The following conclusions have 

been drawn from the above results and 
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discussion. The critical micelle concentration 

(cmc) obtained from conductivity and surface 

tension is in good agreement of a surfactant in 

methanol-water mixed solvent  

media containing 0.10 volume fractions of 

methanol at 308.15 K. 
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Abstract 

This research is based on field work in three Nepalbhasha speaking areas of Kathmandu 

Valley. This short report is concentrated on only three dialects of Nepalbhasha, i.e., 

Bhakatpur Newari, Kirtipur/Kathmandu Newari and Balami Newari. It deals with the 

background of field linguistics. Secondly, it deals with Newari language and its main 

speaking areas, other sociolinguistic situations such as language variations, dialects, and 

standardization, bilingualism, multilingualism, language endangerment, domains of 

language use and language resources. Thirdly, it describes the language and the Newar 

people. A short conclusive remark is then followed by a bibliography of resource materials 

consulted while preparing the report. Finally, it contains the appendices which have a word 

list and a list of the informant names. 
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1. Background

I ventured to use my theoretical expertise of 

field linguistics which I was imparted by some 

linguists. I selected a challenging task. That is, 

a field work of Newar has been carried out 

which is a Tibeto-Burman language though I 

am a native speaker of an Indo-Aryan 

language, Maithili. Field linguistics is 

primarily a way of obtaining linguistic data 

and studying linguistic phenomena. Therefore, 

it is better to say field is the real laboratory of 

linguists [1]. Everett clearly states "Field work 

describes the activity of a researcher 

systematically analyzing parts of a language" 

[2]. Samarin again emphasizes that field 

linguistics can be carried on anywhere, not 

just in the field as its name implies [1]. Some 

field work is done by bringing jungle dwellers 

to a city and is conducted in an office. 

A number of speech communities, which have 

either lost their native speakers (e.g. Sanskrit, 

Mugali, Bybansi etc) or languages which are 

threatened (e.g. Kusunda, Kagate, Koche etc) 

with extinction under the pressure of linguistic 

and sociopolitical forces should be protected. 

Therefore, the job and responsibility of a field 

linguist is to study and preserve the language 

and inform the society, political leaders and 

government about the hazardous situation of 

languages. 

Newars' mother-tongue which has been used 

in daily communication in their community is 

known as Nepalbhasha. Often this language is 

spoken by only the Newars; so is called the 

Newari language. This language has different 

names in its long history. They are Nepar 

bhakha, Ngebar bhakha, Ngepar bhakha, 

Naipalik bhasha, Napaliya bhasha, Desha 

bhasha and Swadesh bhasha. Nepalbhasha is 

derived from the name of the country, Nepal. 

Nepalbhasha is used in the oldest book named 

'Nyayabikasini' which is known as 

Naradasanhita. The language is used in all 
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over the country and it is extensively used in 

the Kathmandu valley with its various 

dialects. 

 

 

 

 

1.1. The genetic affiliation of Newari is as follows 

 

 

2. Language variation, dialects and 

standardization 

Several regional and social varieties of Newari 

are spoken by a limited number of people in 

Nepal. There are four processes of language 

standardization: selection, codification, 

elaboration of function and acceptance [3]. 

Since Newari undergoes first three of the 

above-mentioned processes, Kathmandu 

dialect of Newari spoken in Kirtipur, 

Bhaktapur Newari and Balami Newari have 

not yet been standardized in any way. Only 

Kathmandu Newari has been standardized and 

accepted as a standard dialect with domain of 

use in the family, education, socio-cultural 

activities, literature and media. It is found to 

have been used by only Newar speakers. It 

does have many published texts, but is also 

not used in any sector of the government 

formally. The people of other communities do 

not normally use this language for 

communication.
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Newari has six major dialects. They are diagrammatically presented below. 

 

Balami  Bhaktapur   Kirtipur/Kathmandu   Chitlang  Pahari  Dolakha 

 

2. 2. Bilingualism/Multilingualism  

The Newars are multilingual because they 

speak Newari, Nepali, Hindi, and English and 

other languages for their business. They speak 

some foreign languages because they specially 

rely on businesses.  They are bound to speak 

Nepali. Some of them also speak Bhojpuri and 

Maithili because they sell some goods to those 

language speaking areas. And some migrant 

Newars cannot speak Newari due to their long 

separation from the Newari speaking 

communities. 

2.3. Language endangerment 

This language has the sixth position among 

the other languages spoken in Nepal. That is, 

3.63 percent of the people of Nepal speak 

Newari [4]. The language is used in mass 

media, and studied up to Master and Ph. D. 

levels. The dictionary, grammar and other 

documentations are available in this language. 

This is a non-tonal and complex language 

which the native speakers use to interact 

among themselves. So, there is no indication 

of language endangerment at the present. 

2.4. Domains of language use 

This language is being used for its all round 

development in comparison to the other 

languages of the nation. The total number of 

its active speakers in Nepal is 690, 8446 [4]. 

The Newars normally speak Newari when 

they meet each other in any office or a street 

or elsewhere. They have great loyalty for their 

language. They are very eager to speak 

Newari in their daily communication and 

rituals. They do not speak other languages 

during the 'Guthis meetings'. The new 

generations of Newars are also totally 

dedicated to this language because of the 

various reasons mentioned above. Newari is 

used compulsorily during the funeral rites. In 

short, the domains of language are being 

broadened to daily communication, rituals and 

mass media. 

2.5. Language maintenance, transmission 

and vitality  

Language maintenance refers to the extent to 

which people continue to use a language once 

they are part of a community in which another 

language has a dominant position [5]. The 

native speakers of Newari strictly maintain 

their language; and have intense desire to 

transmit it to the next generation. There are 

also several organizations working for the 

development of the language. 'Nepalbhasha 

Academy in Kirtipur' is one of the well known 

Newari language development organizations. 

It helps the writers of the language, publishes 

various books and encourages the authors and 

the language related personalities and carries 

out the language-related movements. Another 

renowned organization for the upgrading of 

the language is 'Nepalbhasha Parishad' which 

is situated in Kathamandu and it helps the 

national writers of the language and the 

language related activities. Another 

organization named „Asha Saphu Kuthi‟ has 

the archive of hand-written and printed 

manuscripts, and it is equipped with different 

academic materials of the language. 

A next and very reputed organization working 

for the language is 'Nepalbhasha Manka 

Khala' which is a common institute 

established in two districts i.e. Kathmandu and 
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Lalitpur. 'Newa De Dabu' (National Forum of 

Newars) is an active and vital organization 

working for all round development of the 

Newar communities. It has been working all 

over the nation especially for the promotion of 

language. It has created the zone and district-

wise committees as well. It promotes the 

language as well as the culture of the Newars. 

'Nepal Lipi Guthi' is an influential institution 

which develops the scripts of the language; 

there are nine scripts of the language. Among 

them, there are mainly three major scripts; 

namely, Pracalit Script, Ranajana Script and 

Bhujima Script (Fly Headed Script). The 

aforementioned organizations and elderly 

generations seek to preserve and transmit their 

language and culture to the next generation. 

They demand more advanced education for 

their children in the mother tongue. 

2.6. Language resources 

It has its own script (Nepal Script). Writing 

tradition of the Newari language is very old 

and the native speakers are very loyal to their 

language. It is widely used in the mass media. 

At the time of Chandra Samsher, they were 

banned to neither write even a single letter in 

Newari nor use Newari in mass media. Even 

though they had problems in their distant 

communication, they continuously tried to 

write and to speak their own language. At the 

present time, the language is used in the 63 

districts of Nepal. It is widely used in both 

electronic and print media. The magazines, 

journals, newspapers, books, grammars and 

manuals are available in this language. 

 

3. Language and people 

In this section, I deal with the Newar people 

and their culture, their economic activities, 

belief, marriage system, last rites, etc. The 

natives of Bhaktapur, Patan and Kathmandu, 

the Newars, are mainly traders. With a 

purpose to trade, they are scattered across the 

country; with greater concentration in the 

Kathmandu Valley, Banepa, Dhulikhel, 

Bhojpur, Bandipur and Tansen. In the 

Kathmandu valley, they constitute 44% of 

total population. Nationally, however, they 

represent about 5.6% of total population. 

Despite the small percentage numerically, 

they have contributed significantly to the 

history, art, architecture and business activities 

of the country. 

The Newari script, the 'Ranjana lipi' is 

exceptional. The Newari literature is also very 

rich. There are Buddhists and Hindu Newars 

as well. Like elsewhere in the country, 

religious syncretism is blended into their 

culture and tradition. They celebrate numerous 

feasts and festivals throughout the year. 

Newars have a well defined occupational caste 

system among themselves. Though some 

Newars have Mongoloid features, they rather 

represent a community of different elements 

mixed together. Besides their rich cultural 

heritage, and festivals, the Newars are 

impeccable artists and architects.  

Among the Newar community, an interesting 

ancient tradition, known as 'Ihi or Bel Biha' 

requires that a young girl often 7 or 8 years 

old, be married to a certain fruit called 'Bel 

fruit' or called simply 'Bel'. The tree and the 

fruit symbolize a deity called 'Hiranya 

Garbha'. Among the deities, Hiranya Garbha 

is one of the immortals. Thus marriage with 

'Hiranya Garbha' is considered to be 

everlasting, and Newar girls are never 

widowed.  

To put it in a nutshell, the Newars, though 

small in numbers, have a very strong and 

dominating influence in Nepal's economy, 

politics and society in general. The native 

speakers claimed that the name of the country 

Nepal itself derives from the Newars. Newars 

maintained their unique kingdom even during 
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the various reigns of the Gopala, Kirat, 

Licchavi and Malla dynasties. The Shahs 

finally amalgamated the Newar nation state in 

their unification drives. 

3.1. Economic activities of the community  

Newars especially in Kathmandu Valley are 

economically very prosperous, healthy and 

sound status. They spend their maximum time 

in business activities. They import some 

precious and expensive goods and import 

some foreign currency earning goods like 

carpets, garments etc. They possess very 

expensive land/plots in capital metropolitan 

city. They indebt heavy amount from banks at 

cost of deposit of their even infertile land, 

house etc. They invest in industries, factories, 

constructive materials, housing etc. Generally, 

they do not waste their time in getting higher 

education and politics. They have very strict 

and strong unity among them and very 

generous to help each other. Specially, they 

engage in productive works which are result-

oriented and profitable. They compulsorily get 

together at festivals, ceremonies, meetings, 

invitations etc as they possess strong 

consolidation and solidarity among their 

different hierarchical races and castes. 

They achieved powerful positions in various 

aspects of the nation. Contrarily, some lower 

castes in Newar community like 'pode' are 

generally compelled to spend uneducated 

livelihoods at the bottom line of the 

community hierarchy. There is a very complex 

hierarchical caste system in their single Newar 

ethnicity. And it is found that there is 

wonderful phenomenon: unity in diversity is 

their thought-provoking specialty. 

3.2. Social and family structure  

Generally, they are the followers of the 

Buddhist religion, but some have recently 

converted to Christianity. In case of their 

higher caste, it is very difficult to distinguish 

the religion of castes like' Rajbhadaris' who 

are either Hindus or Buddhist. Some top line 

castes follow both religions i.e. Hindu and 

Buddhist. Their feasts and festivals are 

attractive in the sense that they organize long 

period common feasts. Even on the occasion 

of New Year, they call all the relatives and 

friends; they enjoy together and forget all 

previous enmity and misunderstandings.   

3.3. Tradition and culture 

Newars enjoy celebrating the first day of 

'Nepal Sambata'. At present, they have 

enjoyed N.S. 1131 anniversary of 'Nepal 

Sambata'. Another major festival is ' Gai- 

Jatra' which is limited to the valley Newars. 

The third festival is the 'Indra Jatra'. On the 

day of this Jatra, they place the living goddess, 

Kumari, on a chariot around the city. During 

the Malla period, the goddess 'Kumari' had 

been appearing in the temple of Taleju 

Bhawani and to gamble with the 

contemporary king of Nepal. There used to be 

a curtain game between the king and the 

Kumari. The king could not look at her face 

anytime except her hand. But once the king 

became very curious to look at her face and 

lifted the curtain to have a look at her face. As 

soon as the king looked at her face, the 

Kumari cursed the king and disappeared from 

there forever. So, to get rid of the curse of 

Kumari, a living Kumari is selected from a 

special Newar caste (i.e. Shakya). And every 

year the contemporary king has to deify her at 

the day of Indra Puja; and the living Kumari is 

pulled around the city in a chariot. 
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3.3.1. Newari Culture 

 

Figure 1. Newari Culture. A) This is a specimen of a collective Newar procession of one of the different festivals, 

called Nepal Sambata. They organize such procession on "Ganesh Puja", "Kumari Puja", "Ejima Puja", "Nepal 

Sambata" etc. B) This is symbol of Buddhist and called as "Bazra". It is generally set in front of "Baha" or in front 

side of the priest dwellings near Stupas. C) Ladies and D)  Males procession wearing a kind of uniform of Newar.. 

E) The part of the same procession is hanging "Kalah" in their hands. This "Kalah" contains different worshiping 

materials for gods and goddess. F) The sample of their cultural flute where they are blowing their cultural flute on 

the same procession. G) The women wearing uniform shows the unity in their diversity. This picture along with all 

the aforementioned pictures' uniforms belongs to the farmer Newars. H) This is general uniform of women for all 

sub-castes of Newar community I) This scene shows another type of general uniform and they are carrying 
"Sukunda" in their hands. The "Sukunda" is engraved with the begging God Ganesh on the top and on the lower side 

of it, there is a burning lamp in mustard oil. J) This is the worshiping scene of gods and goddess by ladies in general 

uniform which can be worn by all types of sub-castes of Newar women. 
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The tradition and culture of Newar castes are 

very complex and strict. A boy of Newar 

community has to follow some fixed and 

traditional norms and values. After four days 

and within twelve days of a male child's birth, 

there is a ritual of the first 'Sanskar' which is 

called „Ajima‟ which means 'Grand mother 

goddess'. That is to say, between 4-12 days of 

birth, a new born baby is purified by the deity 

of „Ajima‟, a goddess who nurses the children. 

Secondly, a child of five to thirteen years of 

age has to wear 'Langauti' which means 

tightly-tied small underwear clothes. After 

wearing the „Languati‟, he has to follow the 

traditional eating system which is based on 

ascetics. He has to follow also the rules of 

covering up his private body parts with proper 

clothes.  

On the other hand, a girl of this community 

has to marry three times in her life. First she 

has to stay in a dark room or cave for 1-12 

days. Her stay in an inaccessible cave or place 

hiding from sun light, she has to do every 

activity in the room/cave; that is, there is no 

separate and convenient toilet for her. She has 

to use the same room for the toilet and she has 

to live secretly without seeing any males; she 

marries the God, Sun. This marriage occurs 

before the first menstruation of the girl. 

Secondly, a ritual named 'Ihi' which means 

religious marriage occurs between four to nine 

years of her age. She marries God 'Bishnu' or 

'Shrawan Kumar' at the marriage ceremony 

(i.e. 'Ihi'). So that she never becomes a widow 

in her whole life because the God is immortal 

and He becomes her husband. 

Thirdly, she does marry a male life partner of 

her own community in accordance to the need, 

interest, agreement and age of the girl. At the 

time of marriage, the bride provides four nuts 

to her relatives to express acceptance for the 

new marriage. And there is a unique system of 

divorce. When the bride again provides four 

nuts to her relatives, the divorce between the 

married couple can take place. 

Newars have a unique system in their religion 

as well. Some Newars accept the Hindu 

religion. Like Shrestha, Pradhan, Rajbhandari 

and Amatya are purely Hindus. And the rests 

of the Newars are the follower of Buddhist 

religion. But Buddhist Newars belong to the 

priests from the Bajaracharya community. 

Lastly, they also have very unique system for 

the cremation of the dead. The members of 

'Guthi' only have the right to do all cremation 

and rites activities for the dead person's last 

'Sanskar'. 

  

4. Lexical similarities and differences  

When I compare the hundred Swadesh words 

among Bhaktapur, Balami and 

Kirtipur/Kathmandu Newari, a low percentage 

of phonological similarity was found. That is, 

when I compare words among Balami, 

Kirtipur (Kathmandu) and Bhakatpur, 39% 

phonological similarity were found.   

 

4.1. Comparision of 100 vocabularies 

among Bhakatpur, Balami and 

Kirtipur/Kathmandu Newari.  

Graph 1 shows the percentage of phonological 

similarity among the Kirtipur (Kathmandu) 

Bhakatpur and Balami Newari. It shows that 

there is 39% phonological similarity among 

hundred words of these three dialects. Graph 2 

based on the Swadesh list shows the lexical 

similarity among the Bhakatpur, Balami and 

Kirtipur (Kathmandu) Newari. This graph 

shows that there is 78% lexical similarity 

among hundred words of these three dialects. 
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Graph 1. Comparison of  Vocabularies 

(Kirtipur (Kathmandu), Bhakatapur and 

Balami Newari) 

78%

22%

Similarity

difference

 
 

Graph 2. Comparison of Vocabularies (the 

Bhakatpur, Balami and Kirtipur (Kathmandu) 

Newari). 

 

5. Conclusion  

This language is found to be safe. There is not 

moribund in their community. Language 

loyalty is very high level. There are several 

domains of language use namely as print 

media and electronic media. It has its own 

scripts as well. There is enough availability of 

grammars and dictionaries. This is the fourth 

developed language of Nepal. According to 

the word list, among these three dialects 

comparatively i.e. Bhaktapur, and Balami 

Newari have a low mutual intelligibility 

between them. Kirtipur Newari owing to 

geographically a middle dialect among these 

three dialects has some extent of high 

intelligibility among the three dialects. It 

requires further research to fix the isoglosses 

of the dialects.   
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Appendix 1. 

S.N. Word List Kathmandu 

Newar 

Bhakatpur 

Newar 

Balami 

Newar 

Phonological 

Varietion 

Lexical 

Varietion 

1 I dzi: dzi: dzә *  

2 you tshә Tshә tshә   

3 we dzi:pi: dzipUŋ tshi:  # 
4 this  tho: Thә tha: *  

5 that әU tho: u:  # 

6 who su:  o: tshU  # 
7 what tshu: tshu: tshu:   

8 not mәdu: mәru: mәru: *  

9 all phUkә phUkә dәkw  # 

10 many yekku: yeko: ykwә *  
11 one tshәgu: Tshgu tshәgu: *  

12 two niygu: negu: nigu: *  

13 big/large tәdhәgu: tragu: twәgu: *  
14 long tәha:kә tahakәgu: ta:ha:U *  

15 small tsi:hako tsi:hakәgu: pәti:gәU  # 

16 woman misa: misa: misa:   
17 man miza: midza: midze: *  

18 person mәnu: mәnu: mu:nu: *  

19 fish nyæ nya: ŋa: *  

20 bird dzhәgә tsәku:tsa: dzәge  # 
21 dog khi:tsa: khi:tsa: khi:tsa:   

22 louse si: si: si:   

23 tree si:ma: si:ma: si:ma:   
24 seed pu:sa: pu:sa: pUsa: *  

25 leaf hә: Simahә lәpte  # 

26 root  ha: ha: ha:   
27 bark k

h
o:la: du:gu: kholwә:  # 

28 skin tsegu: tshәŋgu: tshegu: *  

29 flesh/meat la: la: la:   

30 blood hi: hi: hi:   
31 bone  ko:ye: Kwŋe ku: *  

32 fat da: da: dhә: *  

33 egg khe:ye: khẽ khe *  
34 horn ŋeku: Ŋkhә ŋku: *  

35 tail nho:yә Tshupeŋ ni:pe  # 

36 feather pa: pәpu: lwәpa:  # 

37 hair sә: sã: sә *  
38 head tshi:yәu Kpә tshye  # 

39 ear nhepә Nhepәŋ nәpui *  

40 eye mi:kha: mikha: mikha: *  
41 nose nha:yә nha:ye na: *  

42 mouth mhu:tu: mhu:tu: mu:thu:   

43 tooth wa: wã: wa: *  
44 tongue me: Me mjә *  

45 nail lu:si: lu:si: lәsyu: *  

46 leg tu:ti: tuti: tuti: *  

47 knee pu:li: pu:li: puli: *  
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48 hand lha: lha: laha: *  

49 belly pwa: pwa: pwa:   
50 neck ka:ku: ka:thu: gәpu:  # 

51 breasts du:ru:po: du:ru:pәwa: du:ru:pәwә *  

52 heart nu:gә nu:gә nwa *  
53 liver seso: sẽ syәla: *  

54 drink twәnigu: twnegu: twәnyәu: *  

55 eat nyәgu: nyәgu: nyәu *  

56 bite wa:nyagu: Ŋhәyau wa:ŋgәu  # 
57 see swegu: Sweu sweu *  

58 hear nyәnegu Nyәneu ŋәynәyәu *  

59 k now sikigu Sikeu swom  # 
60 sleep denegu: Deneu denyeu *  

61 die shi:gu: shi:u: shiu: *  

62 kill siyayәgu: Syæyәu syeu *  

63 swim dhәrwa:yәgu: la:lәha:kayәu   # 
64 fly byegu: Bwәyәu bweu *  

65 walk nyәsiwnegu: Ŋhәkәu ŋa:yeu  # 

66 come wәnegu: Wәyeu wa: *  
67 lie denegu: Denә denyәu *  

68 sit phetuyegu: Pheteu phәtuyәu *  

69 stand dәnegu: da:neu dәnyeu *  
70 give bi:gu: biyәgu: biyәu *  

71 say dha:yәu Dhyәu dha:yәu *  

72 sun su:rdyo su:rdyo nibha:  # 

73 moon tsәndrә Tsәndrә twemәla:  # 
74 star nәu Nәu nәwә *  

75 water lә: na: lәhә  # 

76 rain wa: wa: wa:   
77 stone lәhәu lwәho: lwәhә *  

78 sand phi: phi: phi:   

79 earth pri:thi:bi: pri:thi:bi:    
80 cloud khәshu: shu:pa:ye khәshu:  # 

81 smoke ku: kũ: ku: *  

82 fire mi: mi: mi:   

83 ash nәu Nәu nyәi: *  
84 burn tsyegu: tsya:u tseyәyu *  

85 road lә lã: lә *  

86 mountain gu: doŋpho: tә  # 
87 red hya:ugu: hyәgu: heŋguy *  

88 green wauŋgu: wo:ŋgu: wәŋguy *  

89 yellow mha:sugu: mha:sugu: ma:hsuy *  

90 white tu :yu:gu: tuyu: toiyәuy *  
91 black ha:ku:gu: ha:ku: ha:ku:әuy *  

92 night tsa:nhe tsa:nhe tsa:nә *  

93 hot pu:gu: pu: kwәu  # 
94 cold khәwa:ugu: khәwәŋgu: khoŋgu:y *  

95 full dza:yәkә dza:yәkә dza:yek *  
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96 new nhugu: nhugu: nhuiәu *  

97 good balagu: Bãla bæyәlәu *  
98 round tsa:kula:gu: tsa:kla:gu: tsa:klәu *  

99 dried gәgu: ga:ŋgu: gәu *  

100 name na: na:ŋ nә *  

 

Appendix 2. 

 Language informants 

S.N Name Address Male/Female  Age  

 Bhakatpur Newar    

1 Mahendra Makaju Bhakatpur-7 Male  52 

2 Nanu Hada  Bhakatpur-13 Female  25 

3 Suman Ranjitkar Bhakatpur-3 Female  45 

     

 Balami Newar    

4 Shyam Balami V.D.C. Thankot- 9,Tekanapur Male  30 

5 Krishna Balami V.D.C. Thankot-9,Tekanapur Male  27 

6 Surendra Balami V.D.C. Thankot-9,Tekanapur Male  22 

     

 Kathmandu Newar    

7 Pranay Singh 'Muna' Kirtipur-3 Male  37 

8 Dharam Maharjan Kirtipur-6 Male  57 

9 Rajendra Tandukar Kirtipur-3 Male  42 
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The Society was established in 2004 with an objective to promote academic, professional and 

other mutual interests through a wider, regular and more frequent exchange of ideas and views 

among the Nepali students studying in different academic institutions throughout South Korea. 

Since its inception, the Society has worked to build up an academic network among the Nepali 

students by easing the transition into Korean society and to create a common forum for exchange 

of ideas about research and other academic opportunities. SONSIK does not have any affiliation 

with any corporate, political or governmental organizations. 

 

Objectives 

 To act as a common forum of all Korea-based Nepalese students to facilitate exchange of 

views and promotion of mutual cooperation. 

  To act as an umbrella body of all other regional/local association of Nepalese students at 

any Korean Institutions and work to strengthen mutual cooperation and activate all 

students and to promote the academic and other common interests among all the 

members.  

  To maintain close links with other institutions to promote the cultural and academic 

exchanges between Nepal and Korea. 

 To maintain a cordial relationship with various academic institutions as well as 

educational related organizations including scholarship provider and policy frames. 
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programs in Korea to those Nepali students who intend to study in Korea. 

 To create a permanent online/offline alumni network of Nepali students who graduated 

from Korea. 
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