
Journal of Environmental Research And Development Vol. 3 No. 3, January-March 2009 

840 

 

MANAGEMENT PRACTICES AND BACTERIAL 
CHARACTERISTICS OF HOSPITAL WASTES  

IN JABALPUR (INDIA) 
 

Mahendra K. Gupta1 and Pradeep K. Singhal*2 

 
1. Department of Botany and Microbiology, St. Aloysius’ College, Jabalpur (INDIA) 
2. Department of Biological Sciences, Rani Durgawati University, Jabalpur (INDIA) 

 
 
 

Received October 06, 2008 Accepted January 29, 2009 
 

ABSTRACT 
 

The government and private hospitals in Jabalpur (India) have followed the 
prescribed statutory waste treatment provision only in part for the solid wastes and 
disposed the liquid wastes largely without any suitable treatment. The average rates 
of solid waste generation ranged from 0.06 to 0.7 kg wet weight bed-1 d-1. The 
bacterial load was about 6.0 to 6.5 log cfu mL-1 from the liquid wastes and 3.15 to 
5.0 log cfu g-1 wet weight from the solid wastes.  The bacterial variety and the load 
did not differ significantly between the liquid wastes of the hospitals.  A majority of 
the isolated bacteria were Gram negative, motile rods that were able to ferment 
sugars, hydrolyze amylose, gelatin, urea, casein and had the alpha (α) hemolytic 
activity. The occurrence of such known opportunistic human pathogenic bacteria in 
the hospital wastes as Enterobacter cloacae, Klebsiella oxytoca, Micrococcus, 
Proteus mirabilis, Proteus vulgaris, Pseudomonas aeruginosa, Pseudomonas 
cepacia, Pseudomonas stutzeri, Serratia plymuthica and Vibrio alginolyticus clearly 
demonstrated that these wastes may pose a greater health hazard to the human 
society if not managed properly.  

Key Words : Hospital waste management, Bacterial load, Pathogenic bacteria, 
Biochemical characteristics, Growth media 

 

INTRODUCTION 
Hospitals, providing short- and long- 

term medical care, generate a diverse array 
of liquid and solid wastes through diagnostic, 
treatment, immunization and research 
activities. These wastes may include human 
organs and tissues, contaminated bandages 
and swabs, blood and its products, lab 

cultures, sharps, etc. Improper handling of 
such a waste profile may pose threats not 
only to the hospital staff but also to the 
neighbouring and scavenger cohorts of 
human population. The bacteria thriving in 
such wastes may cause nosocomial 
infections, facilitating morbidity, mortality 
and incapacitating illness. The discarded 
sharps may cause physical injuries, thereby 
enabling entry by virulent bacteria into the * Author for correspondence 
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human body. In order to avoid the potential 
risks by these wastes, the Government of 
India has promulgated management and 
handling rules of biomedical wastes in 19981. 

Despite the implementation of such 
statutory provisions, there are reports of 
unsafe disposal of hospital wastes in the 
developing countries. Such practices have 
been documented and reported from Indian 
cities of Chandigarh2, New Delhi3, Manipal4, 
as well as from rural areas of Gujarat5. There 
is no authentic information available about 
management practices of the hospital wastes 
from the city of Jabalpur, which houses 
about 75 hospitals catering to nearly 2 
million people. The present study, therefore, 
has been conducted to document the existing 
practices of waste management by 
government and private hospitals in Jabalpur 
and to quantify the bacterial load present in 
such wastes.   

MATERIAL AND METHODS 
The prevailing practices of waste 

management were documented for 14 
hospitals in the city of Jabalpur (23o6’ to 
23o10’ N, 79o53’ to 80o6’ E and 397 m 
AMSL). These included 8 government 
hospitals, namely, Netaji Subhash Chandra 
Bose Medical College (NSCB), Seth Govind 
Das Victoria (Victoria), Rani Durgavati 
Chikitsalaya (Lady Elgin), Railway, Vehicle 
Factory Jabalpur (VFJ), Gun Carriage 
Factory (GCF), Ordnance Factory Khamaria 
(OFK) and Motilal Nehru, and 6 private 
hospitals, namely, Jabalpur, Samadhan, 
Jaamdaar, Hindustan, Paul and Mannulal. 
The authentic information about number of 
beds and its occupancy, number of surgeries, 
amount of wastes being generated, and 
pretreatment, segregation, storage, treatment, 
and disposal of the wastes was collected 
from each of the hospitals. 

Two government hospitals, namely, 
Victoria and Lady Elgin, were selected to 
analyze their liquid (drain) and solid (cotton 

swabs) wastes for quantification, isolation 
and identification of the bacteria present 
therein. The drain samples were collected 
from the open sewer lines coming out from 
the hospitals, while the cotton swabs were 
provided by the staff of Elgin hospital on 
request from its operation theatre, as this was 
the only hospital that was disposing off such 
wastes in open. The sampling was performed 
on at least 3 dates. The sampling and 
processing of the samples were done by the 
standard methods6. The controls were always 
used with each sample, and if there was any 
contamination in any of the controls the 
whole sampling was repeated on another 
sampling date. A total of 6 growth media 
were used to quantify and isolate bacteria 
from the samples. These were Nutrient agar 
(NAM), Glutamate Starch Phenol red agar 
(GSP), Eosin Methylene Blue agar (EMB), 
MacConkey agar, Xylose Lysine 
Deoxycholate agar (XLD), and Thiosulphate 
Citrate Bile salt Sucrose agar (TCBS). The 
tared portions of the sampled cotton swabs 
were homogenized thoroughly in sterilized 
distilled water using sterilized pastle and 
mortar. On each sampling date, the 
appropriately diluted aliquots of the raw 
drain samples and the aqueous homogenate 
of the cotton swabs were inoculated in 
separate quadruple sets of petriplates 
containing the growth medium. The 
inoculated plates were incubated at 37ºC for 
24 to 48 h. Thereafter, the bacterial colony 
forming units (cfu) were counted to get the 
bacterial load as log cfu mL-1 from the drain 
and log cfu g-1 wet weight from the cotton 
swabs. The data of each sampling date was 
presented as mean ± standard error based on 
4 replicates. 

The distinct bacterial colonies from each 
growth medium on each sampling date were 
isolated, purified and tested for various 
characteristics to identify them. The 
characteristics used for identification were 
Gram staining, motility, growth at different 
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temperatures on NAM, carbohydrate 
fermentation, H2S production, IMViC test, 
catalase, amylase, nitrate reductase, 
gelatinase, caseinase, urease, and blood 
hemolysis. The bacteria were identified by 
using a PIB software7. The isolate was 
considered as identified if the identification 
score for one taxon was equal to the 
threshold value of 0.98, though the accepted 
range was from 0.95 to 0.99. An 
identification score of 0.6 or more did not 
confirm the identification of the isolate but 
specified its most likely taxon. The bacterial 
load as obtained from various growth media 
on different sampling dates was compared 
using one- and two- way ANOVA and 
Duncan’s New Multiple Range tests.       

RESULTS AND DISCUSSION 
NSCB was the largest hospital with 740 

beds, 23 surgeries d-1, and 325 kg wet weight 
d-1 of waste being generated on an average 
(Table 1). The smallest hospital was Paul 
with 10 beds, 2 surgeries d-1, and 2.5 kg wet 
weight d-1 of waste being generated on an 
average. A minuscule number of hospitals 
like NSCB, OFK, Railway, VFJ and Victoria 
pretreated their solid wastes with the 
chemicals such as calcium chloride, 
formalene, hydrochloric acid, lysol, savalon 
or/and sodium hypochlorite, whereas the 
others did not provide any pretreatment to 
their solid wastes. All the hospitals except 
for Elgin had followed the prescribed colour-
coding scheme for segregation of the solid 
wastes before treatment. However, Elgin sent 
only its human anatomical waste for 
incineration at NSCB and dumped all the 
other wastes in open municipal bins without 
any pretreatment. The storage of solid wastes 
for prolonged periods of time within the 
hospital premises or/and its disposal in open 
without any pretreatment may lead to rapid 
multiplication of pathogenic and some 

multidrug resistant bacteria under a 
predominantly organic environment, which 
may cross the confines of the hospital and 
expose the society to health hazards8, 9. 

The average rates of solid waste 
generation by the government and private 
hospitals ranged between 0.1 to 0.7 and 0.06 
to 0.4 kg wet weight bed-1 d-1, respectively. 
These estimates were much lower than that 
reported from other parts of the world which 
ranged between 0.8 to 1.7 in Bangladesh10, 1 
to 1.5 in Japan and Nigeria11, 1.5 to 2.0 in 
India12, and 1 to 4.5 kg wet weight bed-1 d-1 
in U.S.A.10. It is a widely held belief that the 
affluent societies throughout the world 
generate higher volumes of wastes than the 
poor societies. The low value of waste 
generation by the hospitals in Jabalpur may 
be linked to the relatively less affluent status 
of its society. Incineration was the most 
widely adopted treatment strategy of solid 
wastes by the hospitals.  A few hospitals like 
GCF, NSCB, OFK and VFJ had their own 
incinerators, whereas the others were 
required to get their wastes incinerated at 
hospitals which had an incinerator or at a 
centrally located private incineration plant. 
Such hospitals included Elgin, Railway, 
Victoria (NSCB), Motilal Nehru (Military 
hospital), and all the private hospitals. These 
hospitals stored their wastes within their 
premises up till the time of its transportation, 
which was usually 24 h. Such storage of 
solid wastes without any pretreatment may 
further facilitate the spread of nosocomial 
infections and other health risks among the 
associated human cohorts. Plastic wastes 
were buried in the soil within the premises 
by the hospitals like OFK, VFJ and Victoria, 
while the others incinerated their plastic 
wastes, emitting a large number of pollutants 
in the air like acids, gases, toxic metals, toxic 
organic compounds, products of incomplete 
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combustion such as dioxin, furans, CO, 
sulphur and nitrogen oxides13. None of the 
hospitals appropriately treated its liquid 
wastes. The common management strategies 
for the liquid wastes were its disposal either 

through septic tank or directly into the 
municipal drains, which may be a source of 
surface and sub-surface water contamination 
and may further spread nosocomial and other 
infections14. 

Table 1. Profile of selected hospitals in Jabalpur (India) 

 Nu: Number of beds; Su: Average surgeries d-1; Wa: Average waste production (kg wet 
weight d-1); Pr: Pretreatment; Sg: Segregation; Tr: Treatment 

Name of 
hospital Nu Su Wa Solid waste Liquid waste 

Pr Sg Tr Pr Tr 

Elgin 150 18 11 Nil Non-
standard 

Human 
waste 

incinerated, 
rest in open 
municipal 

bins 

Nil Municipal 
drain 

GCF 75 6 5.5 Nil Standard Incineration Nil Septic tank 

Hindustan 100 4 3.5 Nil Standard Incineration Nil Municipal 
drain 

Jaamdaar 107 7 5 Nil Standard Incineration Nil Septic tank 

Jabalpur 200 18 22.5 Nil Standard Incineration Nil Septic tank 

Mannulal 100 3 7.5 Nil Standard Incineration Nil Municipal 
drain 

Motilal 
Nehru 44 3 5.5 Nil Standard Incineration Nil Septic tank 

NSCB 740 23 325 Chemical Standard Incineration Nil Septic tank 

OFK 100 8 7.5 Chemical Standard 
Plastic waste 
buried, rest 
incinerated 

Nil Septic tank 

Paul 10 2 2.5 Nil Standard Incineration Nil Septic tank 

Railway 125 6 8.5 Chemical Standard Incineration Nil Municipal 
drain 

Samadhan 46 3 4.5 Nil Standard Incineration Nil Septic tank 

VFJ 75 7 5.5 Chemical Standard 
Plastic waste 
buried, rest 
incinerated 

Nil Municipal 
drain 

Victoria 275 11 40 Chemical Standard 
Plastic waste 
buried, rest 
incinerated 

Nil 
Septic 

tank, open 
OT drain 
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The mean bacterial load of the drain 
samples from Elgin on three sampling dates 
ranged between 5.74 to 5.98 on NAM, 4.7 to 
5.24 on EMB, 4.62 to 4.89 on GSP, 4.38 to 
5.57 on XLD, 4.21 to 5.43 on TCBS and 
4.91 to 5.15 log cfu mL-1 on MacConkey 
(Fig. 1). All the media showed no significant 
differences between the three dates, except 
for TCBS and XLD where the load on first 
two sampling dates was significantly higher 
than that obtained on the third date. 

The mean bacterial load of the drain 
samples from Victoria had also followed a 
similar pattern as that from Lady Elgin  
(Fig. 2). The mean bacterial load on three 
different sampling dates from Victoria 
ranged between 6.39 to 6.62 on NAM, 4.69 
to 5.26 on EMB, 4.69 to 5.38 on GSP, 4.61 
to 4.8 on XLD, 4.23 to 4.87 on TCBS and 
4.46 to 5.13 log cfu mL-1 on MacConkey. 
The bacterial load from Victoria did not 
differ significantly between the sampling 
dates on all the growth media (Fig. 2).  

The mean bacterial load of the cotton 
swabs from Lady Elgin on three sampling 
dates ranged between 4.17 to 5.12 on NAM, 
4.09 to 4.31 on EMB, 4.34 to 4.46 on GSP, 
3.73 to 4.24 on XLD, 3.17 to 4.4 on TCBS 

and 3.94 to 4.02 log cfu g-1wet weight on 
MacConkey (Fig. 3). All the media showed 
no significant differences between the three 
sampling dates, except for NAM and TCBS 
where the load on NAM was higher on the 
last two sampling dates than that obtained on 
the first date, and on TCBS it was higher on 
first and third sampling dates (Fig. 3). 

The bacterial load from the drain as well 
as the cotton swabs was always the 
maximum on NAM as compared with that 

obtained on the other selective media 
(Fp<0.05; Table 2). This was obviously 
owing to the fact that the selective media 
used in the study generally supported only 
the Gram negative enteropathogens. The 
EMB agar was used to isolate Enterobacter 
and Escherichia coli; GSP agar for species of 
Aeromonas and Pseudomonas; XLD agar for 
species of Salmonella and Shigella; TCBS 
agar for cholerae and non-cholerae strains of 
Vibrio; and MacConkey agar for members of 
enterobacteriaceae, Klebsiella and 
Salmonella. The bacterial load among the 
selective media did not differ significantly 
(Fp > 0.05; Table 2), highlighting that 
different types of enteropathogens were 
present in the wastes in comparable loads. 
The bacterial loads from the drain samples 

 
Fig. 1 : Mean (± 1 se) bacterial load from drain samples from Elgin hospital [any 2 means with 

similar alphabets are considered equal (Fp > 0.05)] 



Journal of Environmental Research And Development Vol. 3 No. 3, January-March 2009 

845 

 

were comparable between the two hospitals 
on NAM as well as the selective media with 
few exceptions (Fp>0.05; Table 2). It may 
denote that the bacterial diversity and risk 
potential of the liquid wastes did not vary 

between the hospitals. The cotton swabs 
supported a relatively lesser bacterial load 
than that from the drain on all the growth 
media, though the differences were hardly 
significant (Fp>0.05; Table 2). 

Table 2 : Comparison of mean bacterial load (log cfu mL-1 or g-1 wet weight) among 
different growth media and samples 

Growth media Samples 
Drain from Elgin Drain from Victoria Cotton swabs from Elgin 

NAM 5.83 ± 0.11 c 6.50 ± 0.14 d 4.70 ± 0.15 a 
B C B 

EMB 4.95 ± 0.11 bc 5.05 ± 0.13 c 4.22 ± 0.13 a 
A A AB 

GSP 4.74 ± 0.11 ab 5.13 ± 0.15 b 4.41 ± 0.13 a 
A A AB 

XLD 5.08 ± 0.17 b 4.69 ± 0.12 b 4.03 ± 0.14 a 
A A A 

TCBS 4.87 ± 0.18 b 4.61 ± 0.12 ab 3.95 ± 0.20 a 
A A A 

MacConkey 5.01 ± 0.12 c 4.87 ± 0.14 bc 3.99 ± 0.12 a 
A A A 

mean ± se was obtained from 12 observations, i.e., 4 replicates and three sampling dates. 
Small case alphabets compare only the means in a row; capital case alphabets compares only  
the means in a column only; any two means with similar alphabets are considered equal (Fp>0.05). 

 
 

Fig. 2 : Mean (± 1 se) bacterial load from drain samples from Victoria hospital [any 2 means with 
similar alphabets are considered equal (Fp > 0.05)] 
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A total of 25 bacterial strains were 
isolated from the wastes, 15 from the drain (8 
from Elgin and 7 from Victoria) and 10 from 
the cotton swab samples. Among the isolated 
bacteria, majority were Gram-negative 
motile rods that were able to grow at 37 as 
well as 420 C, ferment any or all the sugars 
(dextrose, lactose and sucrose), hydrolyze 
amylose and urea, produce catalase, and 
reduce nitrate. These characteristics clearly 
illustrated that that these bacteria were 
facultative anaerobes with them being natural 
human symbionts. The isolates DS3, DS5, 
DS8, VD1, CS2, CS4, CS7 and CS8 showed 
proteinases activity and non-characteristic 
results on IMViC, indicating that such 
isolates were not the commonly known 
human pathogens (Table 3). The isolates 
DS9, VD2, CS1 and CS10 exhibited 
characteristic results on IMViC, denoting 
that these strains were the known human 
pathogens.  The remaining bacterial strains 
did neither have the proteinases nor showed 

typical IMViC results, denoting that these 
strains may not be the human pathogens.  A 
few strains like DS2, DS4, DS7, DS9, VD5 and 
VD6 were able to grow at 8, 37 as well as 
42ºC but failed to hydrolyze any of the 
proteins and record typical IMViC results, 
implying that these may not be the natural 
human symbionts. 

Out of a total of 25 strains, 16 were α-
hemolytic and thus could partially degrade 
the heme protein, and 9 were γ-hemolytic 
and were not able to degrade the heme 
protein15, 16. A total of 11 isolates were 
identified with a score of ≥ 0.95, whereas the 
remaining 12 remained as probably identified 
and 2 remained unidentified (Table 4).  Out 
of the 11 identified bacteria, 9 showed α 
hemolysis indicating their pathogenic 
potentials. These were not the primary 
pathogens but were reported as opportunistic 
human pathogens capable of causing 
nosocomial infections in immuno-
compromised patients. For example, 

 
 

 
 
 
 

Fig. 3 : Mean (± 1 se) bacterial load from cotton swabs [any 2 means with similar alphabets are 
considered equal (Fp > 0.05)] 
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Micrococcus luteus caused endocarditis17, 
Proteus sp. caused urinary track infections18, 
Providencia caused bacterial 
gastroenteritis19, Pseudomonas sp. caused 
pneumonia20, and Vibrio sp. caused chronic 

diarrhea21. This implied that α hemolytic 
bacteria were potential human pathogens 
initiating infections in the skin, mucous 
membrane and any other opening in the host. 

Table 3 : Biochemical characterization of the isolated bacteria 

Isolate GS Shape Mo 
Growth (ºC) Fer 

H2S 
IMViC 

CA AM UR NR GL CS 
8 37 42 D L S In MR VP Ci 

DS2 – Rod + + + + + + + – + – + + + + + – – – 

DS3 + Rod – – + + + + + – + – – + + + – + + – 

DS4 – Rod + + + + + + + + + – + + + – + – – – 

DS5 – Rod – – + + + – – + + – – + + – + + + + 

DS6 – Rod + – + + + + + – + – + + + + + – – – 

DS7 – Rod + + + + + + + – + – + + + + + – – – 

DS8 – Rod + – + + + + + + + – + + + + + – + + 

DS9 – Rod + + + + – – – – – – + + + + – + – – 

VD1 + Cocci + + + + + – – – – – – + + – – – + + 

VD2 – Rod + + + + – – – – – – + + + + – + – – 

VD3 – Rod + – + + + + + – + – + + + + + – – – 

VD4 – Rod + – + + + + + – + – + + + + + – – – 

VD5 – Rod + + + + + + + – – – – + + – – + – – 

VD6 – Rod + + + + – – – – + – – – + – – + – – 

VD7 – Rod + – + + + + + – + – + – + – – – – – 

CS1 – Rod + – + + + + – – + + – – + + + – + – 

CS2 – Rod + – + + – – – + – – – + + + + – + + 

CS3 – Rod + – + + + – – + – – – + + + + – + + 

CS4 – Rod + – + + + – – + – – – + + + + – + + 

CS5 – Rod + – + + + + + – + – + + + + + + – – 

CS6 – Rod – – + + + – – – + + – + + – + + – – 

CS7 + Cocci + – + + + + – + – – – + + – + – + + 

CS8 – Rod + – + + + – – + – – – + + + + – + + 

CS9 – Rod + – + + + + – + – + – + + – + + – – 

CS10 – Rod + – + + + + + – – – + + + – + + – – 

DS : Drain samples from Lady Elgin; VD : Drain samples from Victoria; CS  : Cotton swabs from 
Lady Elgin; GS : Gram staining; Mo : Motility; Fer : Fermentation; D : Dextrose; L : Lactose; S : 
Sucrose; In : Indole; MR : Methyl red; VP : Voges-Proskauer; Ci : Citrate; CA : Catalase; AM : 
Amylase; UR : Urase; NR : Nitrate reductase; GL : Gelatinase; CS : Caseinase 
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Table 4. Hemolytic activity and identification of the isolated bacteria 

Ha : Hemolytic activity; ID : Identification score 
 

CONCLUSION  
The hospitals in Jabalpur implemented 

the statutory waste management provisions 
only partially. Some hospitals stored and 
dumped the infectious solid waste within or 
outside their premises without any 
pretreatment, thereby facilitating the spread 
of nosocomial infections and other health 
risks. These hospitals did not provide any 
suitable treatment to their liquid wastes.  The  

solid wastes including the plastic wares were 
treated through incineration. Incineration of 
plastic wastes may lead to the emission of 
toxic pollutants in the air.  The high load of 
opportunistic pathogenic bacteria in the 
hospital wastes clearly demonstrated that 
such wastes may be potentially dangerous for 
human society if not managed and handled 
properly. 

Isolate code Isolates Ha ID 

DS2 Enterobacter cloacae Γ 0.95 
DS3 Klebsiella oxytoca γ 0.97 
DS4 Unidentified α 0.37 
DS5 Pseudomonas sp. α 0.92 
DS6 Pseudomonas cepacia α 0.79 
DS7 Enterobacter cloacae γ 0.94 
DS8 Vibrio alginolyticus α 0.97 
DS9 Pseudomonas stutzeri α 0.85 
VD1 Micrococcus sp. α 0.92 
VD2 Pseudomonas stutzeri α 0.99 
VD3 Enterobacter cloacae α 0.80 
VD4 Enterobacter sp. γ 0.92 
VD5 Pseudomonas putida γ 0.70 
VD6 Plesimonas sp. γ 0.85 
VD7 Photobacterium sp. γ 0.66 
CS1 Unidentified α 0.32 
CS2 Pseudomonas sp. α 0.88 
CS3 Providencia pseudomallei α 0.99 
CS4 Pseudomonas aeruginosa α 0.99 
CS5 Vibrio proteolyticus α 0.96 
CS6 Proteus vulgaris γ 0.99 
CS7 Micrococcus luteus 3 α 0.95 
CS8 Proteus mirabilis α 0.99 
CS9 Vibrio fischeri α 0.82 
CS10 Enterobacter cloacae γ 0.95 
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SAVE THE ENVIRONMENT 
 

Good Environment 
is good health 

 
Air Pollution causes 

health hazards 
 

Recycle  

every drop of Water 


