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Abstract Fire can be especially dangerous when it occurs

in hospitals because many patients in any typical hospital

are not physically fit enough to quickly respond to emer-

gency measures, especially evacuation calls. The present

paper reports an in-depth assessment of the factors which

have led to major fire accidents in Indian hospitals. The

study reveals that several building safety codes, acts and

guidelines are available, not only to prevent accidental fires

but also to minimize harm when such fires do take place.

However, observance of the stipulations is very lax, and

seems to be exercised more in breach than in compliance.

The study reveals that hospitals have zones like the

intensive care units which are not only more prone to

accidents than other zones but can also cause greater loss of

lives due to the presence of critically ill patients, or persons

who are extremely vulnerable (for instance newborn

babies). Special codes and practices need to be framed for

such zones. The study has also identified and catalogued a

series of measures which must be implemented in future to

prevent accidental fires in hospitals. The study is with

reference to accidents that have occurred in India from

2010 to the present but is representative of the situation

prevailing in most developing countries.
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Introduction

Fire protection in hospital is critically important since it

predominantly houses people who are sick, elderly, dis-

abled and need outside assistance for evacuation in case of

an emergency [1, 2]. Before 1950, no automatic fire sys-

tems had been installed in the Indian hospitals—which was

how it was in most of the developing world. It led to

several instances when fires caused heavy casualties in

hospitals, especially the multi-storied ones [3]. Then, by-

and-by, safety systems, codes, and practices were intro-

duced to minimize fire accidents from occurring in

hospitals as also mitigate them. Despite this, fire accidents

have continued to occur frequently in hospitals across

India. Indeed, the worst-ever hospital fire accident in India

has happened as recently as in the previous decade. It

occurred at one of the AMRI (Advanced Medical Research

Institute) group of hospitals in Kolkata in 2011, killing

ninety-three persons [4]. It has exposed most poignantly

the poor conditions of the Indian hospitals in terms of fire

safety. Even though over a decade has elapsed since that

disaster, no lessons seem to have been learnt because the

frequency with which accidental fires keep breaking out in

hospitals has not reduced.

The present study has been carried out to make a

quantitative assessment of the causes of hospital accidents

in India and the factors which prevented them from being

controlled before they had caused serious harm. An attempt

has also been made to identify measures with which acci-

dental fires can be prevented in hospitals. The study is with

reference to accidents that have occurred in India from

2010 to the present but is representative of the situation

prevailing in most developing countries.
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A Past Accident Analysis of Hospital Fires in India

To obtain a quantitative assessment of the number and type

of fire accidents that have occurred in Indian hospitals,

their extents, and the factors that had triggered or accel-

erated them, data was acquired for the period 2010-present.

It was culled from scholarly articles, other reports, news-

paper articles, and various sources available in social

media and on the internet. Pie charts were then developed

to show the relative frequencies of different causes and

effects. A chart was also developed on the fraction of

hospitals that had lacked legal non-compliance. A com-

parison was made between fire accidents occurring in

private hospitals and government hospitals.

Given that no bias has been allowed in data acquisition

vis a vis locations, categories, causes, and effects, the

present study is representative even if it may have missed

those instances which were not reported in the media.

Results and Discussion

Results at a Glance

A summary of all the reported hospital fire accidents that

have occurred in India since (and including) 2010 is pre-

sented in Table 1. The locations of all accidents, the nature

of hospital ownership, the accident triggers, the number of

casualties, and the aspects of negligence on the part of the

hospital management are given in Table 1.

Figure 1 provides an assessment of the frequency with

which hospital fire accidents have been occurring in India

since (and including) 2010. Even as the number of acci-

dents has been per year fluctuating, the statistical trend line

indicates a sharply rising frequency.

Nearly as many accidents have occurred in privately

funded hospitals as in the government funded ones (Fig. 2).

Short circuit was the major cause of the fire accidents,

contributing to 89% of the total outbreaks. Flammable

chemicals were the next biggest trigger, causing 4% of the

accidents (Fig. 3).

Half of all the hospitals were not compliant of safety

requirements (Fig. 4).

A Summary of Representative Accidents

A study of detailed reports pertaining to representative fire

accidents, from among the ones listed in Table 1, brings to

light several surprising findings.

The law requires that all hospitals should obtain cer-

tificates of compliance from all regulatory agencies on

different aspects of safety and disaster management. But

the present study revealed that in practice gadgets for fire

prevention and control are often installed simply to get the

necessary permission to function. Subsequently there is

little or no follow-up to keep the gadgets in fully functional

condition, nor keep the staff adequately trained [62]. For

instance, in PBM (Prince Bijay Singh Memorial Men’s)

Hospital, Bikaner, a short circuit occurred due to faulty

electrical wires which were very old and lacked proper

insulation [57]. The aged wires could not carry the load

which had been increasing with time. A tripping point

reached when indiscriminate use of air conditioners,

medical equipment, computers, etc., overloaded the wires

because there had been no mandatory inspection of the

power supply system.

India’s worst-ever hospital fire accident, which occurred

at AMRI, Kolkata, in 2011, killing ninety-three people,

was escalated by the illegally stored flammable material

stored in the hospital’s upper basement floor which was

originally made for car parking [4]. The centrally air-

conditioned hospital did not have the provision for

mechanical ventilation. Consequently, several persons

were suffocated to death in the smoke that was formed.

Other reasons identified which caused the casualties to

increase was the poor emergency preparedness of hospital

staff. Due to it one and a half hours elapsed before the fire

brigade could start its firefighting measures. The mal-

functioning and non-functional smoke detectors and alarms

contributed to the slowness of the emergency response.

A fire at the ESIC (Employees’ State Insurance

Scheme of India) hospital in Mumbai, witnessed in 2018,

exemplifies the consequences of breach of norms caused

when hospital premises are used to keep forbidden inven-

tories. An illegal canteen had stored twenty liquid

petroleum gas (LPG) cylinders in the hospital’s ground

floor [62]. The fire was not only initiated there but esca-

lated quickly due to the illegally stored fuel. Another

typical episode of accidental fire involved the intensive

care unit (ICU) of Shrey hospital in Ahmedabad, which

killed 8 patients [24]. There were no fire extinguishers

provided inside the ICU ward and those which were out-

side the ICU could not be operated by the hospital staff

because they were not trained to handle and use the

extinguishers.

A reconnaissance by the present authors indicated that

the catastrophic fires referred above could have been pre-

vented if there were adequate fire prevention and control

facilities in place or if the staff had been trained to enable it

to ensure compliance with the codes and standards.

Instances were also found when the license-to-operate of

the hospitals had expired, yet the hospitals continued to

function, leading to major outbreaks of fire [33].

The study reveals that many hospitals do not even have

the basic fire protection measures in place. When fire

started in the Murshidabad Hospital in West Bengal, the

J Fail. Anal. and Preven.

123



T
a

b
le

1
P
as
t
fi
re

ac
ci
d
en
ts

in
h
o
sp
it
al
s
ac
ro
ss

In
d
ia
:
2
0
1
0
-p
re
se
n
t

Y
ea
r,
ci
ty
/s
ta
te
s

H
o
sp
it
al

G
o
v
er
n
m
en
t/
p
ri
v
at
e

A
cc
id
en
t
tr
ig
g
er

N
eg
li
g
en
ce

id
en
ti
fi
ed

N
u
m
b
er

o
f
d
ea
th
s
(d
)

R
ef
er
en
ce

2
0
2
3
,
D
h
an
b
ad
,
Jh
ar
k
h
an
d

R
.C
.H
az
ra

M
em

o
ri
al

H
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it

F
ir
e
sa
fe
ty

sy
st
em

n
o
t
in
st
al
le
d

‘‘
N
o
o
b
je
ct
io
n

ce
rt
ifi
ca
te
’’

n
o
t
o
b
ta
in
ed

N
o
fi
re

al
ar
m
s

5
[5
]

2
0
2
3
,
A
h
m
ed
ab
ad
,
G
u
ja
ra
t

H
o
n
ey

C
h
il
d
re
n
’s

h
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

1
[6
]

2
0
2
2
,
H
y
d
er
ab
ad
,
T
el
an
g
an
a

S
ri
V
an
i
h
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[7
]

2
0
2
2
,J
ab
al
p
u
r,
M
ad
h
y
a
P
ra
d
es
h

N
ew

L
if
e
M
u
lt
is
p
ec
ia
lt
y

h
o
sp
it
al

P
ri
v
at
e

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

O
n
ly

o
n
e
em

er
g
en
cy

ev
ac
u
at
io
n
ro
u
te

�
3
.6

m
si
d
e
sp
ac
e
fo
r
th
e

m
o
v
em

en
t
o
f
fi
re

en
g
in
es

w
as

n
o
t
p
ro
v
id
ed

8
[8
]

2
0
2
2
,
M
u
m
b
ai
,
M
ah
ar
as
h
tr
a

N
o
w
ro
sj
ee

w
ad
ia

ch
il
d
re
n
’s

h
o
sp
it
al

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[9
]

2
0
2
2
,
D
el
h
i

B
ra
h
m

S
h
ak
ti
H
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it

E
x
it
b
lo
ck
ed

F
ir
efi
g
h
ti
n
g
sy
st
em

n
o
t
in

w
o
rk
in
g
co
n
d
it
io
n
s

1
[1
0
]

2
0
2
1
,
H
y
d
er
ab
ad
,
T
el
an
g
an
a

G
an
d
h
i
H
o
sp
it
al

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[1
1
]

2
0
2
1
,
N
ag
p
u
r,
M
ah
ar
as
h
tr
a

W
el
l
T
re
at

H
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it
in

th
e
A
C

in

IC
U

w
ar
d

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

4
[1
2
]

2
0
2
1
,
U
jj
ai
n
,
M
ad
h
y
a
P
ra
d
es
h

P
at
id
ar

H
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it
in

IC
U

F
ir
e
h
y
d
ra
n
t
li
n
e
w
as

re
d
u
n
d
an
t

In
ad
eq
u
at
e
n
u
m
b
er

o
f
fi
re

ex
ti
n
g
u
is
h
er
s

N
il

[1
3
]

2
0
2
1
,
D
el
h
i

S
af
d
ar
ju
n
g
H
o
sp
it
al

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it
in

v
en
ti
la
to
r

m
ac
h
in
e
in
si
d
e
th
e
IC
U

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

[1
4
]

2
0
2
1
,
M
u
m
b
ai
,
M
ah
ar
as
h
tr
a

S
u
n
ri
se

H
o
sp
it
al

(L
o
ca
te
d
in
si
d
e

D
re
am

s
m
al
l)

P
ri
v
at
e

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
o
n
-f
u
n
ct
io
n
al

fi
re
fi
g
h
ti
n
g
sy
st
em

In
su
ffi
ci
en
t
D
u
ct
s

F
ir
e
N
O
C

n
o
t
o
b
ta
in
ed

1
1

[1
5
]

2
0
2
1
,
N
o
id
a,

U
tt
ar

P
ra
d
es
h

E
S
IC

H
o
sp
it
al

G
o
v
er
n
m
en
t

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

F
ir
e
N
O
C

n
o
t
o
b
ta
in
ed

N
il

[1
6
]

J Fail. Anal. and Preven.

123



T
a

b
le

1
co
n
ti
n
u
ed

Y
ea
r,
ci
ty
/s
ta
te
s

H
o
sp
it
al

G
o
v
er
n
m
en
t/
p
ri
v
at
e

A
cc
id
en
t
tr
ig
g
er

N
eg
li
g
en
ce

id
en
ti
fi
ed

N
u
m
b
er

o
f
d
ea
th
s
(d
)

R
ef
er
en
ce

2
0
2
1
,
C
u
tt
ac
k
,
O
d
is
h
a

S
ar
d
ar

V
al
la
b
h
b
h
ai

P
at
el

P
o
st
-G

ra
d
u
at
e

In
st
it
u
te

o
f
P
ed
ia
tr
ic
s

(S
h
is
h
u
B
h
aw

an
)

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[1
7
]

2
0
2
1
,
C
u
tt
ac
k
,
O
d
is
h
a

S
u
n
H
o
sp
it
al

P
ri
v
at
e

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

F
ir
e
N
O
C

n
o
t
o
b
ta
in
ed

N
il

[1
8
]

2
0
2
1
,
B
h
an
d
ar
a,

M
ah
ar
as
h
tr
a

B
h
an
d
ar
a
D
is
tr
ic
t

G
en
er
al

H
o
sp
it
al

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it
in

ra
d
ia
n
t

w
ar
m
er
’s

co
n
tr
o
l
p
an
el

in
S
N
C
U

u
n
it

(s
ic
k

n
ew

b
o
rn

ca
re

u
n
it
)

N
o
fi
re
fi
g
h
ti
n
g
sy
st
em

in

S
N
C
U

F
ir
e
N
O
C

n
o
t
p
ro
cu
re
d

1
0

[1
9
]

2
0
2
0
,
U
lh
as
n
ag
ar
,
M
ah
ar
as
h
tr
a

M
ax
li
fe

H
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it
in

A
C

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[2
0
]

2
0
2
0
,
R
aj
k
o
t,
G
u
ja
ra
t

U
d
ay

S
h
iv
an
an
d
H
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it
in

v
en
ti
la
to
r
in

IC
U

w
ar
d

N
o
fi
re

si
g
n
s
d
is
p
la
y
ed

S
p
ri
n
k
le
r
sy
st
em

n
o
t
in
st
al
le
d

S
ta
ff

n
o
t
tr
ai
n
ed

F
ir
e
d
o
o
rs

n
o
t
co
n
st
ru
ct
ed

as

p
er

n
o
rm

s

5
[2
1
]

2
0
2
0
,
M
u
m
b
ai
,
M
ah
ar
as
h
tr
a

A
p
ex

H
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it
in

th
e
g
en
er
at
o
r

an
d
g
en
er
at
o
r
o
v
er
h
ea
ti
n
g

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

1
[2
2
]

2
0
2
0
,
V
ad
o
d
ar
a,

G
u
ja
ra
t

S
ir
S
ay
aj
ir
ao

G
en
er
al

H
o
sp
it
al

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it
in

v
en
ti
la
to
r
in

th
e
IC
U

w
ar
d

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[2
3
]

2
0
2
0
,
A
h
m
ed
ab
ad
,
G
u
ja
ra
t

S
h
re
y
H
o
sp
it
al

(C
O
V
ID

-1
9

d
es
ig
n
at
ed

h
o
sp
it
al
),

A
h
m
ed
ab
ad

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it
in

th
e
IC
U

u
n
it

Il
le
g
al

co
n
st
ru
ct
io
n

8
[2
4
]

2
0
2
0
,
N
o
id
a,

U
tt
ar

P
ra
d
es
h

E
S
IC

H
o
sp
it
al

G
o
v
er
n
m
en
t

B
at
te
ri
es

in
se
rv
er

ro
o
m

at

b
as
em

en
t
ca
u
g
h
t
fi
re

d
u
e
to

sh
o
rt
ci
rc
u
it

F
ir
e
N
O
C

n
o
t
o
b
ta
in
ed

N
il

[2
5
]

2
0
1
9
,
A
lw
ar
,
R
aj
as
th
an

G
ee
ta
n
an
d
C
h
il
d
re
n
H
o
sp
it
al

G
o
v
er
n
m
en
t

F
ir
e
in

o
x
y
g
en

p
ip
el
in
e

co
n
n
ec
te
d
to

ra
d
ia
n
t
w
ar
m
er

d
u
e
to

sh
o
rt
ci
rc
u
it

M
in
ia
tu
re

ci
rc
u
it
b
re
ak
er

(M
C
B
)
n
o
t
in
st
al
le
d

N
il

[2
6
]

2
0
1
9
,
M
u
m
b
ai
,
M
ah
ar
as
h
tr
a

K
E
M

H
o
sp
it
al

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[2
7
]

2
0
1
9
,
H
y
d
er
ab
ad
,
T
el
an
g
an
a

S
h
in
e
C
h
il
d
re
n
’s

H
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it
in

re
fr
ig
er
at
o
r

N
o
fi
re

sa
fe
ty

al
ar
m

L
ac
k
o
f
v
en
ti
la
ti
o
n

1
[2
8
]

2
0
1
9
,
S
il
ig
u
ri
,
W
es
t
B
en
g
al

N
o
rt
h
B
en
g
al

M
ed
ic
al

C
o
ll
eg
e
an
d
H
o
sp
it
al

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it
in

v
en
ti
la
to
r
in

cr
it
ic
al

ca
re

u
n
it
(C
C
U
)

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

1
[2
9
]

J Fail. Anal. and Preven.

123



T
a

b
le

1
co
n
ti
n
u
ed

Y
ea
r,
ci
ty
/s
ta
te
s

H
o
sp
it
al

G
o
v
er
n
m
en
t/
p
ri
v
at
e

A
cc
id
en
t
tr
ig
g
er

N
eg
li
g
en
ce

id
en
ti
fi
ed

N
u
m
b
er

o
f
d
ea
th
s
(d
)

R
ef
er
en
ce

2
0
1
9
,
D
el
h
i

A
ll
In
d
ia
In
st
it
u
te
O
f
M
ed
ic
al

S
ci
en
ce
s
(A

II
M
S
)

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it

6
m

ro
ad

sp
ac
e
fo
r
fi
re

te
n
d
er

m
o
v
em

en
t
n
o
t
av
ai
la
b
le

N
il

[3
0
]

2
0
1
9
,
D
el
h
i

L
o
k
N
ay
ak

Ja
i
P
ra
k
as
h

N
ar
ay
an

H
o
sp
it
al

G
o
v
er
n
m
en
t

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
O
C

n
o
t
o
b
ta
in
ed

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

[3
0
]

2
0
1
9
,
D
el
h
i

A
ll
In
d
ia
In
st
it
u
te
O
f
M
ed
ic
al

S
ci
en
ce
s
(A

II
M
S
)

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it
d
u
e
to

le
ak
ag
e

in
o
x
y
g
en

su
p
p
ly

p
ip
e
b
eh
in
d

th
e
m
an
if
o
ld

6
m

ro
ad

sp
ac
e
fo
r
fi
re

te
n
d
er

m
o
v
em

en
t
n
o
t
av
ai
la
b
le

N
il

[3
0
]

2
0
1
9
,
Ja
ip
u
r,
R
aj
as
th
an

S
M
S
H
o
sp
it
al

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it

N
O
C

n
o
t
o
b
ta
in
ed

F
ir
efi
g
h
ti
n
g
eq
u
ip
m
en
t
n
o
t

in
st
al
le
d

N
il

[3
1
]

2
0
1
9
,
C
u
tt
ac
k
,
O
d
is
h
a

S
C
B

M
ed
ic
al

co
ll
eg
e
an
d

H
o
sp
it
al

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it
in

th
e
A
C

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

[3
2
]

2
0
1
9
,
N
o
id
a,

U
tt
ar

P
ra
d
es
h

M
et
ro

H
o
sp
it
al

an
d
H
ea
rt

In
st
it
u
te

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it
in

w
at
er

h
ea
te
r

in
si
d
e
re
co
v
er
y
ro
o
m

O
cc
u
p
an
cy

ce
rt
ifi
ca
te

an
d

F
ir
e
cl
ea
ra
n
ce

ce
rt
ifi
ca
te

n
o
t

o
b
ta
in
ed

N
il

[3
3
]

2
0
1
9
,
B
h
u
b
an
es
h
w
ar
,
O
d
is
h
a

A
p
o
ll
o
H
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it
in

th
e
b
at
te
ry

ro
o
m

n
ea
r
IC
U

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[3
4
]

2
0
1
9
,
B
il
as
p
u
r,
C
h
h
at
ti
sg
ar
h

C
h
h
at
ti
sg
ar
h
In
st
it
u
te

o
f

M
ed
ic
al

S
ci
en
ce
s

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[3
5
]

2
0
1
8
,
K
o
lk
at
a,

W
es
t
B
en
g
al

C
al
cu
tt
a
M
ed
ic
al
C
o
ll
eg
e
an
d

H
o
sp
it
al

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it
in

re
fr
ig
er
at
o
r
in

la
b
o
ra
to
ry

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[3
6
]

2
0
1
8
,
M
u
m
b
ai
,
M
ah
ar
as
h
tr
a

E
S
IC

K
am

g
ar

H
o
sp
it
al

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it

S
p
ri
n
k
le
r
sy
st
em

an
d
fi
re

d
et
ec
ti
o
n
sy
st
em

n
o
t

fu
n
ct
io
n
in
g

F
ir
e
N
O
C

n
o
t
o
b
ta
in
ed

8
[3
7
]

2
0
1
8
,
K
o
lk
at
a,

W
es
t
B
en
g
al

C
h
it
ta
ra
n
ja
n
N
at
io
n
al

C
an
ce
r

In
st
it
u
te

(C
N
C
I)

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it
in

ai
r-

co
n
d
it
io
n
er

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[3
8
]

2
0
1
8
,
C
al
cu
tt
a,

W
es
t
B
en
g
al

C
al
cu
tt
a
S
ch
o
o
l
o
f
T
ro
p
ic
al

M
ed
ic
in
e

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it
in

A
C

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[3
9
]

2
0
1
8
,
H
y
d
er
ab
ad
,
T
el
an
g
an
a

A
p
o
ll
o
H
o
sp
it
al
,
Ju
b
il
ee

H
il
ls

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[4
0
]

2
0
1
8
,
D
el
h
i

S
af
d
ar
ju
n
g
H
o
sp
it
al

G
o
v
er
n
m
en
t

O
v
er
h
ea
ti
n
g
o
f
ch
em

ic
al
/

sp
ir
it

F
ir
e
N
O
C

n
o
t
o
b
ta
in
ed

N
il

[3
0
]

2
0
1
8
,
B
ar
ei
ll
y
,
U
tt
ar

P
ra
d
es
h

S
ai

H
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it
in

IC
U

w
ar
d

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

2
[4
1
]

J Fail. Anal. and Preven.

123



T
a

b
le

1
co
n
ti
n
u
ed

Y
ea
r,
ci
ty
/s
ta
te
s

H
o
sp
it
al

G
o
v
er
n
m
en
t/
p
ri
v
at
e

A
cc
id
en
t
tr
ig
g
er

N
eg
li
g
en
ce

id
en
ti
fi
ed

N
u
m
b
er

o
f
d
ea
th
s
(d
)

R
ef
er
en
ce

2
0
1
8
,
G
o
ra
k
h
p
u
r,
U
tt
ar

P
ra
d
es
h

B
R
D

H
o
sp
it
al

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[4
2
]

2
0
1
7
,
D
el
h
i

M
et
ro

H
o
sp
it
al

an
d
C
an
ce
r

In
st
it
u
te

P
ri
v
at
e

F
ir
e
st
ar
te
d
in

A
C

v
en
t

F
ir
e
N
O
C

n
o
t
o
b
ta
in
ed

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

[4
3
]

2
0
1
7
,
L
u
ck
n
o
w
,
U
tt
ar

P
ra
d
es
h

S
co
p
e
H
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it
in

U
P
S
in

th
e

re
ce
p
ti
o
n
ar
ea

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

[4
4
]

2
0
1
7
,
L
u
ck
n
o
w
,
U
tt
ar

P
ra
d
es
h

K
in
g
G
eo
rg
e
M
ed
ic
al

U
n
iv
er
si
ty

T
ra
u
m
a
C
en
te
r

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it
in

st
o
re

ro
o
m

F
ir
e
al
ar
m

an
d
w
at
er

sp
ri
n
k
le
rs

n
o
t
fu
n
ct
io
n
al

N
o
em

er
g
en
cy

ev
ac
u
at
io
n

p
la
n

M
o
ck

d
ri
ll
s
n
o
t
co
n
d
u
ct
ed

N
il

[4
5
]

2
0
1
7
,
C
o
im

b
at
o
re
,
T
am

il
N
ad
u

G
em

H
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[4
6
]

2
0
1
7
,
A
h
m
ed
ab
ad
,
G
u
ja
ra
t

S
A
L
H
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it
in
si
d
e
th
e
st
o
re

ro
o
m

o
f
th
e
h
o
sp
it
al

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[4
7
]

2
0
1
7
,
M
ee
ru
t,
U
tt
ar

P
ra
d
es
h

M
o
o
lc
h
an
d
S
h
ar
b
at
i
D
ev
i

H
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it
in

A
C

in

o
p
er
at
io
n
th
ea
te
r

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[4
8
]

2
0
1
7
,
V
ij
ay
aw

ad
a,

A
n
d
h
ra

P
ra
d
es
h

S
en
ti
n
i
S
u
p
er

S
p
ec
ia
lt
y

H
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[4
9
]

2
0
1
6
,
B
h
u
b
an
es
h
w
ar
,
O
d
is
h
a

S
U
M

H
o
sp
it
al

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it

F
ir
e
N
O
C

n
o
t
o
b
ta
in
ed

fr
o
m

fi
re

d
ep
ar
tm

en
t

2
2

[5
0
]

2
0
1
6
,
B
er
h
am

p
o
re
,
W
es
t
B
en
g
al

M
u
rs
h
id
ab
ad

M
ed
ic
al
co
ll
eg
e

an
d
h
o
sp
it
al

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it
in

th
e
ai
r

co
n
d
it
io
n
er

M
ai
n
em

er
g
en
cy

ex
it
g
at
e

lo
ck
ed

5
0

[5
1
]

2
0
1
6
,
L
u
d
h
ia
n
a,

P
u
n
ja
b

M
o
h
an
d
ai

O
sw

al
C
an
ce
r

H
o
sp
it
al

P
ri
v
at
e

C
h
em

ic
al

re
ac
ti
o
n
at

th
e

la
b
o
ra
to
ry

in
th
e
b
as
em

en
t
o
f

th
e
h
o
sp
it
al

b
u
il
d
in
g

L
P
G

cy
li
n
d
er
s
st
o
re
d
in

th
e

b
as
em

en
t

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

[5
2
]

2
0
1
5
,
C
u
tt
ac
k
,
O
d
is
h
a

S
is
h
u
B
h
av
an

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it
in

th
e
IC
U

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

N
il

[5
3
]

2
0
1
5
,
C
u
tt
ac
k
,
O
d
is
h
a

A
ch
ar
y
a
H
ar
ih
ar

R
eg
io
n
al

C
an
ce
r
C
en
tr
e

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it
in

th
e
d
ia
ly
si
s

O
p
er
at
in
g
th
ea
te
r

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

1
[5
4
]

2
0
1
5
,
M
u
m
b
ai
,
M
ah
ar
as
h
tr
a

S
u
ra
n
a
S
et
h
ia

h
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it
in

th
e
A
C
in

th
e

IC
U

ro
o
m

F
ir
efi
g
h
ti
n
g
eq
u
ip
m
en
t
n
o
t

fu
n
ct
io
n
in
g
p
ro
p
er
ly

N
il

[5
5
]

2
0
1
3
,
M
u
m
b
ai
,
M
ah
ar
as
h
tr
a

G
o
k
u
l
H
o
sp
it
al

P
ri
v
at
e

S
h
o
rt
ci
rc
u
it
in

th
e
m
et
er

b
o
x

N
o
in
fo
rm

at
io
n
av
ai
la
b
le

1
[5
6
]

2
0
1
3
,
B
ik
an
er
,
R
aj
as
th
an

P
B
M

H
o
sp
it
al

G
o
v
er
n
m
en
t

S
h
o
rt
ci
rc
u
it
d
u
e
to

fa
u
lt
y

el
ec
tr
ic

w
ir
es

in
n
u
rs
er
y
w
ar
d

O
ld

an
d
fa
u
lt
y
el
ec
tr
ic

w
ir
es

w
it
h
o
u
t
in
su
la
ti
o
n

N
il

[5
7
]

J Fail. Anal. and Preven.

123



emergency exit gate was closed, the fire alarm and the

elevator were non-functional, and hospital lacked the basic

firefighting infrastructure like fire extinguishers [51]. The

fire that raged in the DGH (District General Hospital),

Bhandara, in 2021, burnt to death 10 babies because the

hospital did not have the mandatory fire extinguishers and

the staff was not trained to use whatever equipment that

was available [19]. Sunrise Hospital, which is situated on

the 3rd floor of Dreams Mall in Bhandup, Maharashtra, was

given provisional occupational certificate to run COVID-19

center. March 2021, the hospital witnessed a fire outbreak

which took a toll of 11 people [15]. The audit report of the

hospital reveals that major firefighting appliances like riser

system, pumps, sprinkler system, underground water stor-

age tanks and hydrant system had been installed but none

was functional.

After the DGH Bhandara tragedy mentioned above, 484

government hospitals situated in the Indian state of

Maharashtra were assessed for fire safety. It was found that

in more than 80% institutions, fire safety audit had never

been carried out and less than 50% hospitals had conducted

mock drills in past. Barring a few, none had obtained fire

safety certificates from the concerned agency [63].

That a general laxity prevails in terms of appreciation of

the fire hazard and in taking steps toward risk minimization

comes out strongly from these illustrative assessments. One

more dimension of the problem has been highlighted by

Kodur et al. [64], which relates particularly to the post-

modern buildings in which there is liberal use of plastic-

based material in lieu of metal or concrete-based systems

used earlier. This presents a major hazard, the risk from

which is exacerbated by the generally cavalier attitude of

the building managers toward fire safety.

It has also been brought out [65], that intensive care

units (ICUs) of the hospitals pose special risk due to the

presence of greater levels of oxygen in their atmosphere.

This happens from the inevitable leaks of oxygen occurring

from patients put an oxygen support system. It enhances

the flammability of the air in the ICU, enhancing the

probability of accidental fires.

The Major Lacunae in Hospital Safety

Lack of Compliance with the Safety Norms

The problem begins with the hospitals bypassing, in part or

full, the norms, codes, and practices relating to fire safety.

This leads to serious hazards of (a) ever-present triggers of

likely fires; (b) difficulties in the evacuation of patients and

staff in the event of fires; (c) presence of substances—used

in building construction, furnishings, and hospital prac-

tices—in a manner that fire gets escalated and aggravated;

(d) delays in beginning the firefighting measures; and (e)T
a
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discoordination and lapses in the course of firefighting and

evacuation.

Laxity in Surveillance and Control

There is laxity in the surveillance system which fails to

serve renewal notices upon hospitals when the hospital’s

license-to-function has expired. This has resulted in

hospitals continuing without auditing and renovating their

safety equipment and practices—eventually leading to

disastrous fires.

Profusion of Inherently Hazardous Substances Specific

to Hostels Which Need Special Care

Hospitals use many patient-care items and chemicals which

are highly flammable and tend to escalate fires once fires

break out. Bedding, PVC (polyvinyl chloride) tubes,

paper/plastic disposables, alcohol-based chemicals, and

other volatile organics—all highly flammable—are

deployed in profusion. Then there are oxygen cylinders

which are a part and parcel of patient care, especially in the

intensive care units (ICUs). Despite all precautions oxygen

dispensers leak oxygen leading to the ICUs having higher

concentration of oxygen in the air than elsewhere. In this

manner fuels and oxidizers abound in hospital rooms.

There is also presence of potential ignition sources or

triggers in the form of heated probes, air conditioners, and

other appliances prone to generating sparks. Hospitals have

been found to even use the highly hazardous open coil

heaters to keep the patients warm during winters.

Fig. 1 Number of hospital fire

accidents that have occurred

since 2010. The figure for 2023

is based on the projection that if

two accidents occur per quarter

(as happened during January–31

March 2023), there may be

eight in 2023

Fig. 2 Proportion of fires in government hospitals in comparison with

private hospitals

Fig. 3 Cause of fire incidents in the hospitals

Fig. 4 Proportion of hospitals that showed legal compliance and non-

compliance
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Apathy of Top Management

Instances have been reported wherein the hospital staff had

been conscious of safety concerns and had been urging the

top management to provide the required alarms, controls,

and emergency response systems. But the top management

had not been responsive [8, 10, 15, 21].

Measures Suggested for Preventing Hospital Fires

and Managing Them When They Do Occur

(i) All relevant laws, standards, codes, and reg-

ulations need to be taken into consideration,

without exception, during the design stage of

the buildings. There should be unwavering

compliance.

(ii) Collaboration between engineers and fire

safety professionals is needed during the

planning of building design. The structure

and the design of the building should be such

that it causes minimum damage to life and

property in case of any emergency.

(iii) A proper schedule of housekeeping should be

maintained. Flammable items like organic

chemicals, cotton, bedding, and disposables,

should be kept in dedicated storerooms which

should be made fire-proof. Flammable or

combustible material should not be stored in

the basement.

(iv) Firefighting appliances must be in place and

must be in always working condition. Alarm

system should be kept fully functional round

the clock. The staff need to be adequately

trained for emergencies. Mock drills and fire

safety audits should be conducted at regular

intervals.

(v) All corridors and exit routes should be kept

free of obstruction.

(vi) There should be standard operating proce-

dures for fire management which must be duly

followed.

(vii) Electrical equipment should be well main-

tained to prevent sparking.

(viii) No building should start operating unless the

fire clearance certificate has been obtained

from the concerned authority/department.

Such certificates should be renewed before

they expire. Approval certificates should also

be obtained for the electrical fittings and

installations in the buildings.

(ix) Proper estimation of the present and projected

fire load should be made at the design stage

itself and appropriate buffer should be

provided before the building starts to function.

Too many modifications and changes should

not be done in the electric circuit connections.

If any change is done, wire capacity should be

kept in mind.

(x) Proper emergency preparedness plan should

be made, and staff and other occupants should

be properly trained as per that.

(xi) Auxiliary power backup should be available

when emergency occurs.

(xii) Links should be made with the nearby hospi-

tals to provide quick medical attention to

critical patients.

(xiii) Indoor split ACs should not be placed near

oxygen cylinders, oxygen lines or any point

near the administration of oxygen. Distance of

at least 4–5 m should be provided between

them. Central air-conditioning should be

preferred.

(xiv) Spark producing machines should also be kept

4–5 m away from the point of administration

of oxygen. Smoking should be strictly

prohibited.

(xv) Proper color coding of wires, simple and clear

layout of the electrical wire connections,

adequate insulations are among the safe

practices that must be followed.

(xvi) Oxygen monitors should be installed.

(xvii) Oxygen and nitrous oxide pipelines should be

properly color coded (as per the national

standard) and should contain very few joints

to prevent leakage. Periodic inspection should

be done to check for leakage.

(xviii) An alternative emergency exit door should be

made available in each ward.

(xix) Concepts of inherently safe design, accident

forecasting, and vulnerably assessment should

be employed to minimize the risk [66–72].

Summary and Conclusion

An assessment of hospital fires occurring in India has been

presented. It is based on accident data spanning 2010-

present. Based on frequency analysis it is seen that elec-

trical short circuit is the most common cause of fires in

hospitals; accounting for as many as 89% of the fire out-

breaks. Flammable material including chemicals catching

fire due to causes other than short—circuiting contributed

to 4% of the accidents. A slightly larger fraction (54%) of

all the fire accidents occurred in Government hospitals

while 46% took place in private hospitals. In at least 50%
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of the hospitals, legal non-compliance was reported. It is

seen that timely safety audit can help identify the vulner-

abilities in hospitals so they can be addressed in time.

Imparting proper training and conducting mock drills at

regular intervals can help the staff to remain prepared for

emergencies. The paper identifies the challenges faced by

hospitals from fire hazards and makes recommendations on

how to meet those challenges.
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