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role in the discovery of leads for the development 
of drugs to treat human diseases, and this fact 
anticipates that new antimalarial leads may 
certainly emerge from tropical plant sources. 
Therefore based on ethnical knowledge the plant 
Boeninghausenia albiflora was selected for the 
antimalarial activity from Himalayan region of 
India. B. albiflora is a slender, erect, glaucescent, 
gland dotted, glabrous to somewhat pubescent, 
perennial herb, 15-60 cm in height. B. albiflora 
belonging to the family Rutaceae and is well known 
for its medicinal properties in traditional system of 
medicine. In ethnobotanical literature, the aerial as 
well as the root part has been described as an 
antiseptic. Gaur (1999) mentioned that leaf part has 
been used to apply on cuts and wounds whereas 
root powder is being used as antiseptic. 
Sometimesits juice is also being given in vomiting 
and dysen tery. Some workers also reported this 
plant to have flea repellent as well as calcium 
blocking activity (Yamaha et al., 1987). It is 
distributed from Kashmir to Arunachal Pradesh, 
Meghalaya and Mizoram, India between 660-2,640 
m height having good medicinal value (Fig.1). 
The present study was undertaken to investigate the 
antimalarial activity of B. albiflora (aerial part) due 
to good medicinal value and there has been no 
report on its activity against malaria parasite. The 
aim of this study was to discover novel, effective 
plant based medicines for the treatment of malaria. 
In light of this in vitro screening, the anti-
plasmodial properties of this plant species were 
determined. 
 
Material and Methods 

Selection and collection of plant materials was 
carried out based on literature, ethnical knowledge, 
plants representing Rutaceae families, that used 
against fever, inflammation and microbial infection 
have been selected. The plants were collected from 
Chakrauta, Garhwal region of North West 
Himalayas India (Fig. 1).  
The plant was identified by Dr. Sumer Chand, 
Botanist, Forest Research Institute Dehradun India. 
A voucher specimen was preserved at herbarium of 
Forest Research Institute of Dehradun, India. After 
identification, aerial parts of this herb were air-
dried in shadow at room temperature. The plants 
were crushed into fine powder using anelectric 
grinder. The powdered samples were stored 

inappropriate containers and were kept at a cold 
room (4°C).  
 

 
 

Fig.1. Aerial part of B. albiflora. 
 
Extraction and Isolation 
100 g of powdered materials was extracted by 
percolation three times using 80% ethanol at room 
temperature. The ethanol extracts (named BA1) 
were filtered, pooled and dried at 40°C or below 
using a rotary evaporator. Further BA1 extract was 
kept in airtight containers and were stored at 4°C 
for use in anti-plasmodial bioassay. Crude ethanolic 
extracts that showed good anti-plasmodial activity 
against P. falciparum strains, were further 
fractionated by partitioning in water (name BA2) 
and dichloromethane (BA3). The organic and 
aqueous phases were concentrated and dried by 
rotary evaporator and were dissolved in di-
methylsulphoxide (DMSO) and double distilled 
water, respectively, and then stored at -20°C  for 
use of anti-plasmodial assay. 
 
P. falciparum  strains and in vitro culture 
Two strain laboratory-adapted P. falciparum MRC-
pf-20 (chloroquine sensitive) and MRC-pf-303 

In vitro anti-malarial activity of aerial part
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(chloroquine resistant) were taken from parasite 
bank of National Institute of Malaria Research, 
New Delhi India and maintained to continue on 
human erythrocytes. The cultures have been 
maintained in the laboratory using the Candle Jar 
method of Trager and Jensen (1976) in human red 
blood cells (blood type A+) using RPMI 1640 
medium supplemented with ABRh +ve human 
serum (10%), sodium bicarbonate (0.2%), HEPES 
buffer (25mM) and gentamycin (50µgml−1). The 
cultures were incubated at 370C in an atmosphere 
of 93%N2,  4%CO2   and  3%O2. 
 
In vitro anti-plasmodial assay 
The parasite cultures, prior to experimentation, 
were synchronized by treatment with 5% D-sorbitol 
(Lambros C. and Vanderberg, 1979). Synchronise 
cultures containing ring staged parasites were 
suspended in equal volume of human serum. Plant 
extracts were assessed for anti-plasmodial activity 
in vitro using modified parasite lactate 
dehydrogenase (pLDH) method as described 
previously (Makler and Hinrichs ,1993 and Makler 
, et. al.,1993). 
Crude plant extracts were first dissolved in DMSO 
at concentration of 50 mgml-1, sonicated for 10 min 
and then diluted in malaria culture medium to 
prepare a 2 mgml-1 solution. The highest 
concentration of solvent that the parasites were 
exposed to was < 1%, which was shown to have no 
measurable effect on parasite viability. 
Microtitration techniques were used to measure the 
activity of samples over a wide range of 
concentrations (ranging from 200-1.56 µgml-1). 
Chloroquine diphosphate and artemisinin (both 
from Sigma Chemical, USA) were dissolved in 
double distilled water (1 mgml-1) and DMSO (1 
mgml-1), respectively and served as controls in all 
experiments. All tests were performed in triplicate. 
Synchronous cultures with parasitaemia of 1% and 
a final haematocrit of 2% were aliquoted into the 
plates and incubated at 37°C for 72 h. After 
incubation period, the plates were frozen at -20°C 
overnight, followed by thawing at room 
temperature to haemolyze the red blood cells. 
Parasite growth was determined 
spectrophotometrically at 650 nm, by measuring the 
activity of the pLDH in control and drug treated 
cultures, using a microplate reader. At the end of 
incubation, the cultures were re-suspended, and 
aliquots of 20 µl were removed and added to 100 µl 

of the Malstat reagent in a 96- well microtiter plate. 
The spectrophotometric assessment of pLDH 
activity was obtained by adding 25 µl of a solution 
of 1.9 µM NBT (Nitro Blue Tetrazolium) and 0.24 
µM PES (PhenazineEthosulphate) to the Malstat 
reagent. The anti-malarial activity of the test 
compound was expressed as Inhibitory 
Concentration IC50 (mean ± S.D.) of the least three 
separate experiments performed in triplicate). The 
OD values from control wells devoid of plant 
extracts or drug were referred to as having 100% 
pLDH activity. The inhibition of each extract or 
drug concentration was calculated as compared to 
the untreated control to obtain the IC50 values.  The 
percentage of inhibition was calculated as (1-
Number of schizonts in test well/Number of 
schizonts per control well) x 100.  The 50% 
inhibitory concentration (IC50) of plant extracts 
were estimated from the graph drawn on the 
%inhibition data (Table.1). 
 
Results and Discussion 
In vitro activity of ethanolic extract of aerial part of 
B. albiflora were carried out against Chloroquine 
sensitive (MRC-pf-20) and chloroquine resistant 
(MRC-pf-303) results showed in (Table.1). The 
ethanolic extract (BA1) of B. albiflora was further 
fractionated in water and dichloromethane mixture 
solution. Further anti-plasmodial activity of organic 
and aqueous phases was evaluated against CQ-
sensitive and CQ-resistant .P. falciparum strains. 
The dichloromethane fraction showed stronger anti-
plasmodial activity than the ethanol and water 
extracts. The inhibitory concentration values which 
kill 50% and 90% of the parasites (IC50 and IC90) 
were calculated for anti plasmodial activity (Table 
2). Results revealed that IC50 value with standard 
deviation of dichloromethane is 12.33 ± 0.33µgml-1 

which, is the more effective than other fractions.  
Recently Ali Ramzani et al., 2010 reported invitro 
and invivo anti  malarial activity of ten plants from 
Iran showed only two plants (Boerhavia elgans and 
Prosopis juliflora )  out of ten are effective with 
IC50 value is 15.33 ± 0.07µgml-1  and14.78 ± 
0.08µgml-1  respectively. While the remaining eight 
plants showed the IC50 value > 200µgml-1 which is 
more in comparison to B. albiflora fraction. Thus, 
there are so many work has been carried out earlier 
in this field but result is not effective. Overall, 
increasing the global spread of multi drug resistant 
malaria parasite showed that  

Alam  et al.
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Table:1.Percent(%) Inhibition of Schizonts by Ethanolic extracts of B. albiflora aerial part against CQ- 
sensitive and CQ-resistant strain. 
 

Plant extracts Concentration of drug 
(µg/ml) 

Chloroquine sensitive  
(MRC-pf-20) 
  (%± S.D) 

Chloroquine resistant  
(MRC-pf-303) 
(%± S.D) 

Ethanol(BA1) 2.0 8.33 ± 1.30  7.40 ± 1.17 
 4.0  13.67 ± 1.02 12.00 ± 1.58 
 8.0  22.37 ± 1.06 19.60 ± 0.7 
 16.0 33.17 ± 1.55 29.50 ± 0.98 
 32. 0 61.47 ± 0.81 59.47 ± 1.20 
 64.0 84.43 ± 1.35 82.43 ± 0.91 
 128 97.33 ± 1.22 94.66 ± 0.94 
 256 100 100 
 512 100 100 
Control 0 0 0 
Dicholoromethan (BA3) 2.0 10.33 ± 1.30  8.83 ± 1.30 
 4.0  22.43 ± 1.35 17.67 ± 1.02 
 8.0  41.77 ± 1. 05 35.60 ± 1.13 
 16.0 65.50 ± 1.08 59.50 ± 1.08 
 32. 0 86.90 ± 1.05 80.33 ± 1.15 
 64.0 97.43 ± 1.35 94.43 ± 1.35 
 128 100 100 
 256 100 100 
 512 100 100 
Control 0 0 0 

    CQ  = Chloroquine, n = 3 
 
 
Table.:2   In-vitro anti plasmodial activity(IC50) ofaerial part of B.  albiflora(BA)against both strain (CQ-
Sensitive and CQ-Resistance). 
 

 
Plant extracts 

Chloroquine sensitive 
(MRC-pf-20) µgml-1 

Chloroquine resistant 
(MRC-pf-303) µgml-1 

IC50 ± S.D IC90 ± S.D IC50 ± S.D IC90 ± S.D 
Ethanol 
(BA1) 

22.18 ± 0.22 100.35 ± 0.17 27.43 ± 0.25 112.44 ± 0.30 

Water 
(BA2) 

>200 Not Calculated >200 Not calculated 

Dichloromethane 
(BA3) 

12.33 ± 0.33 60.89 ± 0.20 17.41 ± 0.42 62.45 ± 0.31 

     N  = 3 ,  S.D = standard deviation 
 
there is a need for new drug to combat malaria. In 
this study, the main aim to search for new 
antimalarial drug, it was found for the first time  in-
vitro good anti plasmodial activities of the B. 
albiflora. This study provides the important 
information to the area of malaria research where 
always is in need of alternative anti malarial drug. 
The present finding is only preliminary, but the 
next step will be to isolate and identify the active 
compound of B. albiflora. There is need of further 

investigation of anti-malarial activity at compound 
level and the cyto-toxicity as well. 
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NC 

LNP 

Leq 

NC 

LNP 

Leq 

NC l 

LNP 

Leq 

NC 

LNP 

Leq 

NC 
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Indoor 68
(58
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(50
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(2.

Outdoor 
13
(3.

Indoor 80
(69
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(54

Indoor 68
(6

Outdoor 62
(53

Indoor 12
(5.

Outdoor 13
(6.

Indoor 80
(72

Outdoor 76
(59

Indoor 69
(64

Outdoor 65
(53

Indoor 12
(6.

Outdoor 11
(4.

Indoor 82
(76

Outdoor 77
(57
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(54
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(56

Indoor 10
(4.
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(8.

Indoor 80
(62
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(64
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(54
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(2.
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(3.
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(62
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(54
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8.6±5.2  *( +13.6) 
8.4-78.5) 

9.4±6.7  *(+4.4) 
0.8-72.3) 

2.0±4.0 
.7-20.0) 
.1±5.8 
.8-24.7) 

0.6±5.8 
9.8-91.6) 

2.5±10.8 
4.8-93.9) 

8.7±3.6 
1.3-73.2) 

2.1±5.3 
3.1-70.3) 

2.2±4.7 
.2-26.8) 
.9±3.6 
.8-20.1) 

0.9±4.7 
2.4-89.2) 

6.1±8.7 
9.9-90.3) 

9.6±3.3 *(+4.6) 
4.1-74.3) 

5.5±6.0  *(+0.5) 
3.4-75.2) 

2.9±4.1 
.5-26.2) 
.9±4.1 
.4-21.6) 
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6.4-91.9) 

7.4±9.3 
7.8-96.8) 

0.4±6.2  *(-4.6) 
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2.5±3.5 
.0-20.3) 
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.7-26.8) 
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(4.0-33.0) 
14.7±3.7  # 
(3.8-23.0) 
82.0±7.3 
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(56.5-7
62.5±4
(54.3-7
12.6±2
(3.9-19
14.2±3
(9.0-20
81.3±6
(66.3-9
76.7±8
(63.7-9

+3.2) 70.0±3
(62.8-7

.2) 65.9±5
(54.5-7
13.4±3
(6.8-22
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83.4±4
(75.9-9
79.3±8
(62.0-9

6.9) 71.0±4
(61.0-7

8.5) 68.4±3
(60.5-7
12.2±2
(7.3-23
12.3±2
(6.9-16
83.2±5
(73.4-9
80.7±5
(67.4-8
69.6±5
(53.7-7
64.3±5
(53.2-7
12.4±4
(2.9-29
13.6±4
(3.0-29
82.0±6
(65.1-9
77.9±8
(57.4-9

aranthesis indicate d
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er Season W
.5  *(+13.7) 6

78.1) (
.9  *(+5.2) 5

68.5) (
.6 1

9.4) (
.3 1

9.3) (
.2 8

96.2) (
1.6 7

94.7) (
.2 6

76.0) (
.9 6

72.5) (
.8 1

9.9) (
.3 1

0.4) (
.5 8

91.9) (
.1 7

92.9) (
.3  *(+5.0) 6

74.6) (
.7  *(+0.9) 6

74.8) (
.4 1

2.2) (
.3 1

8.2) (
.0 8

90.9) (
.2 7

92.0) (
.5  *(-4.0) 6

77.8) (
.5  *(-6.6) 6

72.7) (
.7 1
.6) (
.5 1
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.5 8
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.8 8
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81.4±6.3 
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Generation, composition and management of solid waste at Muthi, Jammu 
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Abstract 
The paper deals with the generation, composition and management of solid waste at Muthi, Jammu. Study on Generation 

and Composition of solid waste was carried during January to December, 2007. In this paper characteristics of solid 

waste and its probable impacts on the environment in general and population in particular have been discussed. 

Recommendations regarding solid waste management have also been given. Findings revealed various short comings in 

the present disposal system which affected the quality of environment in the study area.  

 

  

Keywords: Solid waste, composition, characteristics, management

Introduction 
The western model of development by means of 

aggressive industrialization and insane 

consumerism has invaded urban India and 

converted innocent elegant spaces into 

technologically driven factories and slews of 

concrete skyscrapers.  All over the urban areas, 

we find waste, garbage, factory refuse, medical 

leftovers, plastics and municipal filth.  Much of it 

is miasmatic, foul and toxic. A recent report on 

ambient air quality around Chennai’s 

Kodungaiyar waste dump site has sent out a 

strong health warning to over 100,000 residents 

living in its vicinity. Every day the municipal 

corporation of Chennai dumps around 3,200 

tonns of waste either at Kodungaiyar or the near 

by Perungudi dumpyard. Released by a Chennai 

based NGO Community Environmental 

Monitoring (CEM) in December 2006, the report 

notes the presence of chemicals in the ambient air 

of Kodungayar. Analysis showed five of the 

chemicals exceeded permissible levels of USEPA 

out of which 1, 2 dichlorobenzene, benzene and 

chloromethane are known carcinogens. The data 

also indicated that unsegregated waste, including 

medical waste and plastics is being openly burnt 

at Kodungaiyar (Nidhi Jamwal, Down To Earth  

Author’s Address   

Department of Environmental Sciences, University of Jammu, 

Jammu-180006 (J&k)   

 

Jan., 2007). 

Currently the city of Kochi is a victim of garbage 

macro crisis. It faces the imminent peril of fatal 

fevers. There is even the potential for a plague 

outbreak. Avijit Ghosh (2007) highlighted the 

role of waste pickers in municipal solid waste 

management and reported that every day waste 

picker picks 50-60 kg of waste which means he 

helps recycle between 15000-18000kg waste 

every month. NGOs estimate that their efforts 

save the MCD about Rs 6 lakh every day. Waste 

pickers often pick up diseases such as TB, 

anemia, gastrointestinal ailment and eye infection 

diseases related to lungs and skin are common. 

Choudhary and Malik (2007) explained various 

kinds of health hazards related to solid waste. 

Except for some preliminary investigations made 

by Rampal et al. (2002) Sambyal (2006),  

Manhas (2007) who have tried to gather 

information on this aspect of environmental 

concern, very less is known about the impact of 

unscientific and improper waste disposal on the 

environment in general and population in 

particular from J&K state in general and Jammu 

in particular. 

 

Methodology  
The study area Muthi lies between 32°27'16.16"N 

latitudes and 75°21'47.08" E longitudes in the 

North of Jammu city within the municipal limits. 
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In order to analyze the composition of solid waste 

at Muthi, the area was divided into four study 

sites which include Site I: Primary health 

centre, Site II: School, Site III: Main bazaar 

and Site IV: Minibus stand. Sampling of solid 

waste was carried out thrice a month for a period 

ranging from January 2007 to December 2007. 

During each sampling, solid waste generated for 

24 hours was collected and segregated into 

various categories viz., biodegradable material 

(vegetative/putrescible matter, paper and rags), 

non-biodegradable material (plastic, metal, glass) 

and inert and miscellaneous waste (sand, pebbles, 

stones, chalk pieces, construction & demolition 

waste etc.). Each component of the waste was 

then weighed and the average weight percentage, 

standard deviation was computed for a period of 

one year. 

During present investigations, for analyzing 

household waste, the residential area of Muthi 

was divided into four zones. From each zone five 

houses were selected and the average waste 

generation/capita/day was studied. Samples were 

collected thrice a month from each house over a 

period of twelve month (January,2007-

December,2007).During each sampling, the waste 

generated during period of twenty-four hours in a 

household was collected in a polythene bag and 

weighed, with the help of spring balance of 

different scales viz; 200gm, 1kg, 10kg, 25kg. The 

total number of residents of the house during the 

sampling period was also recorded to calculate 

per capita per day values. Per capita per day 

waste generation values were also calculated for 

12 months.  

 

Results and Discussion 

Site: (I): Primary health centre: The critical 

examination of the table: 1 reveals that the total 

average solid waste (gm/month) ranges from 

16014.6 to 22505.07gm with an average value of 

20040.69gm comprising 5787.52+2388.24gm of 

biodegradable10210.13+2230.81gm of non-

biodegradable and 4043.9+786.23gm of inert & 

miscellaneous waste. 

 

Site: (II): School: A close examination of the 

table: 1 reveals that the total average solid waste 

(gm/month) ranges from 21313.72-28140gm with 

an average value of 24847.32gm and comprised 

15792.47+1669.61gm of biodegradable waste, 

4563.12+ 449.85gm of non-biodegradable and 

4491.78+993.99 gm of inert & miscellaneous 

waste.                                

 

Site: (III); Main bazaar: An observation of the 

table: 1 reveals that the total average solid waste 

(gm/month) ranges from 1160101.9-17332227gm 

with an average value of 14287718gm comprised 

11485467.5+2259815.16gm of biodegradable, 

1835142.56+1105039.96gm of non-

biodegradable and 990361.7+412908gm of 

inert& miscellaneous waste. 

 

Site: (IV): Minibus Stand: The close 

examination of the table: 1 reveals that the total 

average solid waste (gm/month) ranges from 

71025-249996.43gm with an average value of 

106626.6gm and comprised 

50078.16+46401.22gm of biodegradable, 

28685.33+ 5601.25gm of non- biodegradable and 

27863.12+8271.5 gm of inert& miscellaneous 

waste. 

 

Household waste generation at Muthi: The 

results of twelve months data have revealed that 

the average solid waste/capita/day generation was 

observed to be 935.35gm.The total domestic 

waste generated per day at residential area was 

recorded to be   7950475.2gm (7950.47kg).         
                

When a comparative study of   solid waste 
generation at different sites was made it was 

observed that the average solid waste gm/month 

was maximum at Site: III; Main bazaar 

(14287718gm) followed by household waste 

(7950475.2 gm), Site: IV; Minibus stand 

(106626.6gm), Site: II; School (24847.32gm), 

Site: I; Primary health centre (20040.69gm).   

The present findings reveals that the 

biodegradable waste was found to exhibit the 

maximum percentage at all sites except the 

primary health centre where non-biodegradable 

waste showed dominance the reason being 

vaccination programmes carried out their, lots of 

medicines, glucose bottles are wasted as they 

exceed the expiry date, as very few people visit 

their for the purpose of treatment and mostly its 

visited for purpose of vaccination and minor 

injuries & illness. The waste collected from the  

Gupta and Jaswal 
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Table 1: Showing average solid waste generation (gm/day) generation & composition at different Sites (I, II, 

III, IV) in the study area, Muthi.  

  

Categories  Average Standard deviation Range 

SITE I   Primary health centre 

Biodegradable 5787.52 2388.24 3209.54 -9771.2 

Non-biodegradable 10210.13 2230.81 6947.1-15370.4 

Inert & miscellaneous 4043.9 786.23 3000-5626.2 

Total 20040.69 2206.15 16014.6-22505.07 

SITE II   School 

Biodegradable 15792.48 
  

1669.56 
 

13300-18290 

Non-biodegradable 4563.12 449.85 3042.0-5042.0 

Inert & miscellaneous 4491.78 994.05 2948.4-6045 

Total 24847.32 2010.50 21313.72-28140 

SITE III  Main bazaar 

Biodegradable 11485467.5 2259815.16 8970016.8-15960000 

Non-biodegradable 1835142.56 1105039.96 651027.5-1372006.6 

Inert & miscellaneous  990361.7 412908 382209.2-1798003.4 

Total 14287718   2084339 11160101.9-17332227 

SITE IV  Minibus stand 

Biodegradable 50078.16 46401.22 26123.7-195350.53 

Non-biodegradable 28685.33 5601.24 20399.1-41863.02 

Inert & miscellaneous 27863.12 8271.5 18298.06-45024.0 

Total 106626.6 48039.56 71025-249996.43 

    

 

municipal limits is commonly disposed off by 

open dump method. The temporary dumping site 

are near the pond in Muthi village, vacant plots, 

streets adjacent to roads, at the bank of canal, in 

Muthi nullah and near a community handpump in 

Muthi camp from the temporary dumping sites 

only a fraction of waste is being collected every 

week on Wednesday, rest remains unattended. 

The final disposal site is the bank of river Tawi. 

This presents a clear picture of ill management of 

waste generated in Muthi.  
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Fig.1. Pie diagrams showing percentage of different 

components of solid waste at different study sites 
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