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Abstrac t  :  The  ob jec t ives  o f  the  p resen t  s tudy  were  to  s tudy  the  ( i )
p reva lence  o f  hyper tens ion  and  hea r ing  impa i rment  in  i ron  and  s t ee l
indus t ry  worker s ,  ( i i )  a s soc ia t ion  be tween  hyper t ens ion  and  hea r ing
impa i rment ,  ( i i i )  a s soc ia t ion  be tween  hyper tens ion  and  hea r ing
impairment, with duration of exposure, and (iv) correlation between levels
of sound and noise induced health problems viz. hypertension and hearing
impairment in a cross sectional study involving Workers working in iron
and  s tee l  indus t ry  a t  Nagpur .  Of  a  to ta l  o f  804  workers ,  770  workers
par t ic ipated in  the s tudy.  There  were f ive sect ions  in  the factory;  Steel
mel t ing  sec t ion  (SMS) ,  ro l l ing  mi l l  s ec t ion  (RMS) ,  qua l i ty  con t ro l
depar tment  (QCD) ,  ma in tenance  depar tment  (MD)  and  admin i s t ra t ion
depar tmen t  (AD) .  Workers  work ing  in  SMS,  RMS,  & QCD fo rmed  a
con t inuous ly  exposed  g roup  (CEG) ;  worker s  o f  MD and  AD fo rmed
intermit tent ly exposed group (IEG).  Workers  were interviewed,  examined
and information was col lected in  a  pre- tested pro-forma.  Blood pressure
was measured,  and tuning fork tests  were done to assess hearing abil i ty.
Prevalence of hypertension among CEG (25.51%) was significantly higher
than  IEG (14 .05%) .  (X 2-14 .28 ,  d f -1 ,  P<0 .001) .  There  was  pos i t ive
association between duration of exposure and prevalence of hypertension.
The  p reva lence  o f  hea r ing  impa i rment  was  s ign i f i can t ly  more  in  CEG
(20.5%) as compared to IEG (8.91%). (X2-11.69, df-1, P<0.001). Occurrence
of  hear ing impairment  was  a lso  di rect ly  propor t ional  to  the  durat ion of
exposure .  The  corre la t ion  between level  of  sound exposure  and hear ing
impairment  was found to be s ignif icant  (r=0.98;  P<0.05),  the correlat ion
be tween  leve l  o f  sound  and  hyper tens ion  was  found  to  be  s ta t i s t i ca l ly
ins ignif icant  ( r=0.84;  P>0.05) .  The resul ts  of  the  present  s tudy indicate
tha t  hyper tens ion  and  hea r ing  impa i rment  a re  commoner  in  workers
continuously exposed to high levels  of  occupational  noise.

Key words  : hyper tens ion hear ing  impa i rment occupa t iona l  d i sease

of the world’s most important industries ever
since it was first founded. Simon1 stated that
the  i ron  and  s tee l  indus t ry  i s  a  “heavy
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INTRODUCTION

The steel and iron industry has been one
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industry”, in addition to the safety, hazards
are inherent because of giant plants, massive
equipments  and movement  of  la rge  masses
of  mater ia ls .  Workers  are  exposed to  h igh
level of noise,  temperatures up to 1,800°C,
toxic or corrosive substances, and respirable
a i r -borne  contaminants  (1) .

Steel manufacturing is one of the noisiest
indus t r ies .  The  major  source  of  no ise
inc ludes  fume ex t rac t ion  sys tem,  vacuum
sys tems  us ing  s team e jec tors ,  e lec t r i ca l
t rans formers  and  the  a rc  p rocess  in
electrical arc furnaces, rolling mills and the
large fans used for ventilation. The National
Insti tute for Occupational safety and health
(NIOSH)  has  s ta ted  tha t  no ise  induced
hear ing  loss  i s  one  of  the  mos t  p reva len t
occupat ional  heal th  hazards  facing workers
today (2).  Approximately 30 mill ion people
are exposed to hazardous level  of  noise at
thei r  work s i tes .  9  mil l ion are  repor ted to
have  occupa t iona l  hea l th  i l lnesses .  70%
people suffer  from hearing loss by the age
of 60 years (2). Mortality morbidity weekly
repor t  (MMWR) s ta ted  tha t  no i se  i s  a
wor ldwide  prob lem tha t  has  subs tan t ia l
impac t  on  the  p reva lence  of  hear ing  loss
among the  working  popula t ion  (3) .  Recent
es t imates  ind ica te  tha t  be tween  8  and  10
million people work at sites where the level
of  noise is  85 decibels  (dB) or  higher and
they  presen t  wi th  increase  r i sk  o f  no ise
induced hearing loss (3).

Noise  induced  hear ing  loss  i s  mos t
commonly observed condition in the workers
of  i ron  and  s tee l  indus t ry  (4 ) .  Indus t r ia l
noise  pol lu t ion  produces  loud noise  which
tends to last much longer, 52 to 60% of all
industrial workers get exposed to noise level
of 85 dB or more for 8 hours a day (4). It

may be associated with impaired hearing by
directly involving internal ear circulation by
render ing  workers  ear  more  suscept ib le  to
noise (4). Long-term exposure to occupational
noise is itself a risk factor for occupational
hypertension (5) .  The present  s tudy,  which
was carried out in the largest iron and steel
industry of  Nagpur was an at tempt  to  f ind
out  the  assoc ia t ion  be tween  hyper tens ion
and  hear ing  impai rment  in  these  workers ,
and  a l so  to  s tudy  d i s t r ibu t ion  of  these
problems in  a  cont inuous ly  exposed  group
(CEG) and an intermit tent ly exposed group
(IEG).

M E T H O D S

Study  p lace  :– I ron  and  S tee l  Indus t ry ,
N a g p u r .

Study  des ign  :– Cross  sect ional  s tudy.

Study  per iod  :– 1s t  Apr i l  2001  to  31s t
March 2002.

Study  subjec t s  :– Al l  804  workers  o f  the
fac tory  were  inc luded  in
the  s tudy .

Of these 770 workers participated in the
s tudy .  Thus  the  response  ra te  was  95 .7%.
Wri t ten  permiss ion  was  ob ta ined  f rom the
competent  authori ty  of  the  factory and the
ins t i tu t iona l  E th ica l  commit tee  o f  Ind i ra
Gandhi  Govt .  Medica l  Col lege ,  Nagpur
cleared the s tudy protocol .

For  ana lys i s  and  in te rna l  compar i son ,
S tee l  mel t ing  sec t ion  (SMS) ,  ro l l ing  mi l l
sec t ion  (RMS)  AND qua l i ty  con t ro l
depar tment  (QCD)  were  taken  toge ther  as
cont inuous ly  exposed  group  (CEG) ,  as
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workers  work ing  in  these  sec t ions  were
exposed to working environment continuously
dur ing  the i r  work ing  hours .  Whi le
main tenance  depar tment  (MD)  and
adminis trat ion department  (AD) were taken
as  in te rmi t ten t ly  exposed  group  ( IEG)  as
workers  work ing  in  th i s  sec t ion  v i s i t  the
manufac tur ing  un i t  in te rmi t ten t ly .  The
factory works continuously round the clock
in three shifts  of eight hours each. Posting
of  worker  in  par t i cu la r  sec t ion  was  of
permanent  na ture .  The  sh i f t s  o f  workers
were changed in rotat ion at  the interval  of
one month. The workers working in AD have
work ing  schedule  f rom 9  AM to  6  PM.
Protective devices like apron, shoes, helmets;
goggles,  hand gloves and masks were made
available for workers in al l  sections.

All the workers who participated in this
s tudy  were  examined  in  the  fac tory
dispensary  wi th  a  pr ior  appointment .  Each
worker  was  in te rv iewed  and  examined .
Informat ion  was  co l lec ted  in  a  p re tes ted
proforma that was finalised after conducting
a pilot study on a group of randomly selected
100 workers .

Blood pressure  was measured in  supine
position by using mercury sphygmomanometer.
Hearing ability was assessed by tuning fork
tes t s  v iz .  Rinne’s  t es t ,  Weber ’s  t es t  and
absolute  bone conduct ion tes t .

Stat i s t i ca l  t e s t  :–  X 2 t es t  and  coef f ic ien t  o f
correlat ion were used as  a  s tat is t ical  tests .
P value <0.05 was accepted as  s ignif icant .
Chi square test and tests of correlation were
used .  P  va lue  <0 .05  was  accep ted  as
s ign i f ican t .

R E S U L T S

Table I  shows sect ion wise dis t r ibut ion
of sound level .  I t  was observed that  sound
leve l  was  more  than  permiss ib le  l eve l  in
QCD,  RMS,  and  SMS.  In  th i s  s tudy
morbidity associated with exposure to noise
l ike  hear ing  impai rment  and  hyper tens ion
was found to be significantly more in SMS,
RMS and QCD.

TABLE I : Sect ion  wise  d is t r ibut ion  of  sound level .

S e c t i o n Sound leve l  in  dB

Stee l  Mel t ing  Sec t ion 1 1 0
Roll ing Mill  Section 1 0 6
Qua l i ty  Con t ro l  Depar tmen t 9 8
Main tenance  Depar tment 6 6
Admin i s t ra t ive  Depar tment 3 8

Table II  shows section wise distribution
of  workers  and  assoc ia t ion  be tween
hyper tens ion  and  dura t ion  of  exposure .  I t
was observed that prevalence of hypertension
was  pos i t ive ly  associa ted  wi th  dura t ion  of
exposure in all the sections of the industry.
This association was found to be statistically
s ign i f ican t  (X2–15.73 ,  d f=2 ,  P<0 .001) .  I t
was  a l so  observed  tha t  p reva lence  of
hyper tens ion  was  more  among workers  o f
CEG (25.51%) as compared to workers of IEG
(14.05%). This association was found to be
s ta t i s t i ca l ly  s ign i f ican t .  (X2–14 .28 ,  d f=1 ,
P<0.001).

Table III shows section wise distribution
of workers and association between hearing
impairment and duration of exposure. It was
observed  tha t  p reva lence  of  hear ing
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was  observed  tha t  workers  wi th  hear ing
Impai rment  have  s ign i f ican t ly  more

impai rment  was  d i rec t ly  assoc ia ted  wi th
dura t ion  of  exposure .  This  assoc ia t ion
was  found  to  be  s ta t i s t i ca l ly  s ign i f ican t
(X2–20.27 ,  d f=2 ,  P<0 .001) .  I t  was  a l so
observed  tha t  p reva lence  of  hear ing
impai rment  was  more  among workers  o f
CEG (20.5%) as compared to workers of IEG
(8.91%).  This  associa t ion was found to  be
s ta t i s t i ca l ly  s ign i f ican t .  (X2–11 .69 ,  d f=1 ,
P<0.001).

Table  IV shows  assoc ia t ion  be tween
hear ing  impai rment  and  hyper tens ion .  I t

TABLE II : Sec t ion  wise  assoc ia t ion  be tween  dura t ion  of  exposure  and  hyper tens ion .

Durat ion of  exposure S M S R M S Q C D M D A D T o t a l
in  years (n=114) (n=157) (n=129) (n=140) (n=230) (n=770)

< 1 0 6(5.26)* 6(3.82) 3(2.32) 3(2.14) 3(1.30) 21(2.72)
10–20 19(16.66) 16(10.19) 8(6.26) 6(4.28) 10(4.34) 59(7.66)

> 2 0 18(15.78) 14(8.91) 12(9.30) 10(7.14) 20(8.69) 74(9.61)
T o t a l 43(37.71) 36(22.92) 23(17.82) 19(13.57) 33(14.34) 154(20.00)

SMS–Stee l  Mel t ing  Sec t ion .
RMS–Roll ing Mil l  Sect ion.
QCD–Qual i ty  Con t ro l  Depar tmen t .
MD–Main tenance  Depar tment .
AD–Admin i s t ra t ive  Depar tment .
Data  in  ce l l s  represen t  number  of  sub jec t s  wi th  hyper tens ion .
*Figures  in  parenthesis  show percentage of  ‘n’ .

TABLE II I : Sec t ion  wise  assoc ia t ion  be tween  dura t ion  o f  exposure  and  hear ing  impa i rment .

Durat ion of  exposure S M S R M S Q C D M D A D T o t a l
in  years (n=114) (n=157) (n=129) (n=140) (n=230) (n=770)

< 1 0 5(4.38)* 4(2.54) 3(2.32) 1(0.71) 2(0.86) 15(1.94)
10–20 13(11.40) 13(8.28) 10(7.75) 2(1.42) 5(2.17) 43(5.58)

> 2 0 15(13.15) 8(5.09) 11(8.52) 4(2.85) 19(8.26) 57(7.40)
T o t a l 33(28.94) 25(15.92) 24(18.60) 7(5.0) 26(11.30) 115(14.93)

SMS–Stee l  Mel t ing  Sec t ion .
RMS–Roll ing Mil l  Sect ion.
QCD–Qual i ty  Con t ro l  Depar tmen t .
MD–Main tenance  Depar tment .
AD–Admin i s t ra t ive  Depar tment .
Da ta  in  ce l l s  r epresen t  number  o f  sub jec t s  wi th  hear ing  impa i rment .
*Figures  in  parenthesis  show percentage of  ‘n’ .

TABLE I V : Assoc ia t ion  be tween  hear ing  impai rment
and  hyper t ens ion .

Hearing Hypertensive N o n Total
impairment hypertensive

Presen t 78(67.82%) 37(32.17%) 115(14.93%)
Absent 76(11.60%) 579(88.39%) 655(85.06%)
Total 154(20%) 616(80%) 770

*Figures  in  pa ren thes i s  show percen tage .
X 2 = 193.26,  df = 1,  P<0.001.
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hyper tens ion  than  workers  wi th  normal
hear ing .  This  assoc ia t ion  was  found to  be
s ta t i s t i ca l ly  s ign i f ican t .  (X 2–193 .26 ,  d f=1 ,
P<0.0001).

Table V shows association between level
of sound and noise induced health problems
l ike  hyper tens ion  and hear ing  loss .  I t  was
observed that hypertension and hearing loss
were more common in sections having high
levels of sound viz. SMS, RMS and QCD as
compared  to  MD and  AD where  leve l  o f
sound was  low.  When cor re la t ion  be tween
leve l  o f  sound  and  no ise  induced  hea l th
problems was s tudied in  four  sect ions  viz .
SMS,  RMS,  QCD and MD,  the  corre la t ion
be tween  leve l  o f  sound  and  hear ing
impai rment  was  found  to  be  s ign i f ican t
( r=0 .98 ;  P<0 .05) ,  the  cor re la t ion  be tween
level  of  sound and hypertension was found
to  be  s ta t i s t i ca l ly  ins ign i f ican t  ( r=0 .84 ;
P>0.05) .

D I S C U S S I O N

NIOSH (6) predicted that one out of every
four workers exposed to noise level of 90 dB
or more during lifetime will  develop noise
induced hearing impairment. Kryter GKD (7)
carried out study in Sweden and identified 44
male workers aged 41–66 years who had severe
noise induced hearing loss (defined as a 65 dB
or greater reduction in threshold at 3000, 4000
or 6000 Hz) and who experienced noise
exposure during their past employment.
Compared to this group of 44 workers with 74
men having normal hearing, <20 dB mean
hearing threshold at  any testing frequency
from the same industrial  population,
the author observed that the prevalence
of high blood pressure (defined as greater
than 160/100 mm of Hg) in the hearing loss
group was 22% to 1% in those with normal
hearing (7).

It  was found that occupational noise
induced hearing loss was most frequent among
all occupational diseases. The incidence of this
condition is 16 per 100000 populations
annually from 1971 to 1979 (2). It was also
stated that noise induced hearing loss is one
of the most prevalent occupational health
hazards today (2).

Barr Thomas compared 100 boiler makers
with 100 iron moulders and postmen. Three
quarters of the boilermaker, had difficulty in
hearing in Churches or in the public but only
12% of the iron moulders and 8% of the
postmen had the same difficulty (8). Podoshin
et al  (9) in a study of 59 subjects with
myocardial infarction compared with age-
matched control found a significantly higher
auditory threshold at 4 and 8 KHz in the study

TABLE V : Assoc ia t ion  be tween  l eve l  o f  sound  and
no i se  induced  hyper tens ion  and  hea r ing
impa i rment  in  each  sec t ion .

Sound level No. of workers No. of workers
Section in dB wi th with hearing

hypertension impairment

Steel Melting
Section 110 43(37.71) 33(28.94)
Rolling Mill
Section 106 36(22.92) 25(15.92)
Quality Control
Depar tment 98 23(17.82) 24(18.60)
Maintenance
Depar tment 66 19(13.57) 7(5.0)
*Administrative
Depar tment 38 33(14.34) 26(11.30)

•F igures  in  pa ren thes i s  deno te  pe rcen tage .
•Hear ing  Impa i rment ;  r=0 .98 ;  t=6 .28 .
•Hyper tens ion ;  r=0 .84 ;  t=2 .14 .
*Not  inc luded  in  the  ana lys i s  o f  coe f f i c i en t  o f

co r r e l a t i on .
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group. They also noted a higher incidence of
hypertension in the study group.

Talbot noted that subjects with a severe
noise related hearing loss <65 dB HL averaged
over 3.4 and 6 KHz had a greater likelihood of
hypertension and suggested that this could be
result of long term noise exposure (10). In a
study carried out on foundry workers Koshela
et al found that systolic and diastolic blood
pressure were slightly higher in exposed
workers than workers who were unexposed
(11). Tarter and Robins studied prevalence of
hypertension and mean blood pressure in 150
white men and 119 black men exposed to
industrial  noise of 85 dB or greater for a
minimum of 5 years.  It  was observed that
hearing loss at 4000 Hz and years worked in
high noise departments were significantly
associated with mean blood pressure and
hypertension among the black workers
(12).  Talbot noted a marginally significant
relationship between severe noise related
hearing impairment and the prevalence of
hypertension in subjects above the age of 64
years in a study of 245 retired workers in
heavy industry (13). Noise induced hearing loss
is the second most self reported occupational
illness or injury among American workers (14).
According to NIOSH (1999) construction
employees and fire fighters were all exposed
to unsafe noise at different times during their
work shifts (14). It  has been estimated that
hearing related workers’ compensation costs
from 1984 to 1993 amounted to $ 3.4 billion
(14).

Talbot et  al  observed no significant
relationship between level of noise and

hypertension in group of 197 workers working
in a noisy environment (>89 dB) and another
group of 169 workers working in less noisy
environment (<81 dB); however they reported
a strong relationship between severe noise
induced hearing loss (>65 dB loss at 3, 4 or 6
KHz) and a high blood pressure (>90 mmHg
diastolic or treatment with blood pressure
medication) in 56+ age group in both the above
mentioned groups (15).

Although hearing loss was diagnosed on
the basis of tuning fork tests,  a audiometry
would have been more sensitive and specific
test for diagnosis of noise induced hearing loss.
Also, in the present study, data related to body
mass index, alcohol intake and other potential
confounders were not collected. Nevertheless,
results of the present study indicate that
hypertension and hearing loss are significantly
associated with duration of exposure.  Both
noise-induced health problems were
significantly more common in CEG workers as
compared to IEG workers. Also it was found
that hypertension was more common in
workers with hearing impairment.  Definite
correlation was found between levels of sound
in different sections and noise-induced health
problems. This correlation was prominently
seen in CEG workers working in SMS, RMS
and QCD and exposed to higher than
permissible level of sound.
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