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ABSTRACT

Aim: India is one of the largest producers and exporter of iron; however limited infor-
mation is available about prevalence of iron ore dust exposure related health problems.  
Reports from some agencies indicated high prevalence of health disorders among pop-
ulation residing in nearby area of tribal district of West Singhbhum in Jharkhand state. 
Hence this study was undertaken in the twin township of Meghatiburu and Kiriburu 
iron ore mining area of West Singbhum district to determine health status evaluation of 
workers and nearby population.
Method: Cross Sectional Study involving 102 male mine workers, 138 general population 
and 126 school children from Meghatiburu & Kiriburu mining area of West Singhbhum 
district of Jharkhand was conducted. The medical examination included general physi-
cal examination, chest x-ray, spirometry, audiometry, vision screening and biochemical 
parameters for Hb (gm%), blood sugar, etc.
Results: The findings of the mine worker group study showed that 3.4% had pneumoco-
niosis and suspected pneumoconiosis each. Audiometry results showed 23.8% workers 
having noise induced hearing loss. In general population group 24.2% were undernour-
ished with 85% suffering from anemia of which more than 50% were suffering from 
moderate to severe anemia with female predominance. Among school children 55% 
were undernourished and 92.8% had anemia with more than 70% girls suffering from 
moderate to severe anemia.
Conclusion: Undernutrition and anaemia are prevalent among population residing 
nearby iron ore mines in West Singbhum district of Jharkhand state.
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Introduction

Mining is one of the most hazardous occupations. 
It not only affects the workers who are actively en-
gaged in mining activities but also the environment 
which may cause its adverse effects on the health of 
the population residing in its vicinity. The most com-
mon health hazards are caused due to exposure to 
dust, noise, vibration etc. of these Pneumoconioses 
and Noise induced hearing loss are notifiable dis-
eases under Mines Act 1952. India is among the 
leading producer as well as exporter of iron ore in 
the world. Jharkhand ranks second among all states 
with 26% of the total iron ore (hematite) reserves 

in the country [1]. West Singhbhum is largest and 
one of the tribal district in the Jharkhand state with 
large deposits of iron. The ore is of high grade with 
about 90% iron. There were about 41 mines and 
more than 200 legally and illegally run crusher 
units in this iron ore mining hub spread over south-
west Jharkhand to south-eastern Orissa [2].

There were reports from some agencies indicating 
that there was high prevalence of health disorders 
among population residing in nearby area in West 
Singbhum district. There also had been press reports 
and complaints from NGOs aboutpeople especially 
children suffering from various diseases in this area 
due to prevalent iron ore pollution in surroundings 
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of iron ore mines [2]. As there is limited information 
available related to health hazards due to iron ore pol-
lution, this study was undertaken in the twin township 
of Meghatiburu and Kiriburu iron ore mining area of 
West Singbhum district to generate information about 
the health status of mine workers involved in the min-
ing activities and the population residing in the vicini-
ty of the mines.

Materials & Methods
It was a pilot study and mine workers were random-
ly selected as made available by the mine manage-
ment. As mining causes environmental pollution in 
nearby areas where general population and school-
children were residing they were included on their 
voluntary participation. Accordingly, the study in-
cluded representative samples involving 102 male 
mine workers, 138 general population and 126 
school children from Meghatiburu & Kiriburu min-
ing area of West Singhbhum district of Jharkhand 
was completed in the year 2014.

Institutional Ethics Committee approved the 
study. Informed written consent was obtained from 
each study subject before recruitment to the study. 
In case of school children <16 yrs, additional con-
sent of their parent was obtained. Sample size of 
each individual test varies as per participation of 
the study subject. 

The study subjects underwent general physical 
examination along with following parameters.

Body mass index (BMI)

BMI was included as one of the parameters of health 
status evaluation for nutrition. Body composition 
analyzer scale was used for BMImeasurement. 
The adult study population was classified as 
Underweight, Normal, Overweight and Obese as 
per WHO criteria [3]. BMI categorization for school 
children was done as per the Centers for Disease 
Control and Prevention recommendations [4].

Chest X-rays (CXR)

A Postero-Anterior (PA) CXR of each person was 
obtained. School children were excluded. All chest 
x-rays were evaluated as per ILO Classification 
2000 [5].

Spirometry

Spirometry was conducted following standard 
procedure. Three readings were obtained for each 
individual and the best reading was taken for re-
porting and analysis. The results were interpreted 

as normal, restrictive, obstructive or mixed impair-
ment [6].

Audiometry test

Evaluation for hearing capability was measured for 
air conduction by audiometric test. The audiome-
try was conducted in a small closed room having 
minimal background noise for sound frequencies 
ranging from 0.5 KHz to 8 KHz and the minimum 
intensity for measurement was from 15 dB(A).  
Audiogram of mine workers were evaluated as per 
WHO recommendations for classification on the 
basis of pure tone audiogram evaluating the thresh-
olds of hearing for frequencies of 500, 1000, 2000 
4000, 6000 and 8000 Hz. The principle criteria for 
diagnosis of occupational NIHL was (i) History of 
exposure to excessive noise levels (ii) Bilateral sen-
sorineural hearing loss showing similar pattern 
in both ears (iii) The difference between two ears 
should not exceed 15 dB at 500, 1000 and 2000 Hz 
and 30 dB at 3000, 4000 and 6000 Hz. (iv) Sign of 
“notching” in the audiogram at high frequencies of 
3000, 4000 or 6000 Hz with recovery at 8000 Hz 
[7].

Biochemical parameters

Auto analyzer was used for estimation of various 
parameters like Hb (gm%), blood sugar, etc. Grades 
of anemia were categorized into mild, moderate 
and severe as per WHO criteria [8].

Statistical analysis

Percentage, mean and standard deviation was cal-
culated. The chi sqaure test and two tailed paired t 
test was used for statistical analysis.

Results 
Normal working hours was 8 hours per day for six 
days a week. The mean age of mine workers was 45.97 
± 9.66 and the mean age of general population was 
39.56 ± 13.79 [Table 1]. In school children group the 
mean age was 14.37 ± 1.99 [Table 2]. The mean work 
exposure of mine workers was 18.56 ± 9.70.

Body mass index (BMI)

BMI was calculated to study the nutritional status 
of the study groups [Table 3]. The mean BMI was 
compared between mine workers and men from 
general population, it was observed that there is 
statistically significant difference (P < 0.001) be-
tween the groups. However the difference was 
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statistically insignificant among male and female 
from general population and school children group.

Chest X-ray

Chest x-rays of 88 mine workers and 106 gener-
al population were evaluated [Table 4]. Among 
mineworkers, 3 (3.4%) x-rays showed the pres-
ence of small opacities with profusion 1/1 i.e cat-
egory 1 Pneumoconiosis while 3 (3.4%) x-rays 
showed 1/0 profusion of small opacities i.e. sus-
pected silicosis. The opacities were q/q type. The 
other x-ray findings include 3 x-rays with thick-
ened interlober fissure i.e. pi and 2 x-rays with 
cg i.e. calcified non pneumoconiotic nodules. The 
x-ray findings of the persons from general popu-
lation showed no evidence of pneumoconiosis. 1 
x-ray showed the presence of tubercular shadow 
while 4 had pi.

Pulmonary function test

The finding of Spirometry showed 3 mine workers, 
6 general populations and 1 school children had 
mild restriction [Table 5].

Audiometry

The finding of the audiometric evaluations is de-
picted in Table 6. Relation of NIHL to duration of 
work among mine workers was also studied; the 

data was analysed using Chi-square test and it was 
observed that there was statistically significant 
corelation between duration of exposure and NIHL.

Biochemical parameters

The mean Hb (gm%) of men and women from gen-
eral population was 10.7 ± 2.0 and 9.0 ± 1.3 respec-
tively. The mean Hb (gm%) in mine workers was

 

Table 1. Distribution of mine workers according to age.

Age (yrs) Mine Workers (n = 
102)

General Population (n 
= 138)

18-30 9 (8.8) 46 (33.3)

31-40 19 (18.6) 34 (24.6)

41-50 33 (32.3) 34 (24.6)

51-60 40 (39.2) 14 (10.1)

>60 1 (0.9) 10 (7.2)
Figures in parenthesis indicate percentage.

Table 2. Distribution of School Children according to 
age and sex.

Age (yrs.) Boys (n = 63) Girls (n = 63) Total (n = 126)

8-10 7 (11.1) 3 (4.7) 10 (7.9)

11-13 6 (9.5) 17 (26.9) 23 (18.2)

14-16 50 (79.3) 43 (68.2) 93 (73.8)
Figures in parenthesis indicate percentage.

Table 3. Distribution of study subjects according to BMI.

Mine General Population School Children

BMI Category Workers Men Women Boys Girls

(n = 97) (n = 60) (n = 76) (n = 63) (n = 63)

Underweight 1 (0.9) 16 (26.6) 17 (22.3) 38 (60.3) 31 (49.2)

Normal 4 (42.5) 33 (55.0) 32 (42.1) 23 (36.5) 30 (47.6)

Overweight 48 (47.5) 8 (13.3) 17 (22.3) 1 (1.5) 1 (1.5)

Obese 5 (4.9) 3 (5.0) 10 (13.1) 1 (1.5) 1 (1.5)

Mean BMI 25.4 ± 3.30 21.8 ± 4.09 23.2 ± 6.13 18.5 ± 3.01 18.7 ± 3.04
Figures in parenthesis indicate percentage.

Table 4. Findings of chest x-rays among study groups.

Mine workers General Population

(n = 88) (n = 106)

Normal 82 (93.1) 106 (100)

Suspected Pneumo-
coniosis (1/0)

3 (3.4) 0

Pneumoconiosis (1/1) 3 (3.4) 0
Figures in parenthesis indicate percentage.

Table 5. Findings of Spirometry among different study 
groups.

Mine workers General Popu-
lation School Children

(n = 88) (n = 113) (n = 118)

Normal 85 (96.6) 107 (94.6) 117 (99.2)

Mild Restriction 3 (3.3) 6 (5.3) 1 (0.8)
Figures in parenthesis indicate percentage.
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11.51 ± 1.3. The mean Hb (gm%) of boys and girl 
students was 10.4 ± 1.5 and 9.3 ± 1.2 respectively. 
On the basis of hemoglobin gm% study population 
was classified as mild, moderate and severe ane-
mia. The distribution of anemia among the study 
groups is shown in Table 7. The grade of anemia 
was studied with the gender and it was observed 
that there was statistical significance impact of 
gender in general population as well as in school 
children group for occurrence of anemia. The grade 
of anemia was also studied with the male gender in 
general population to that of mine worker, however 
the difference was statistically insignificant.

Discussion

This is probably the first study conducted to study 
the effect of iron ore mining on the persons resid-
ing in nearby areas in tribal district of Jharkhand 
with the objective to study the adverse health ef-
fects of iron pollution both in mine workers and the 
general population residing nearby.

Anthropometric measurements

The basic objective of anthropometric assessment 
was to determinethe nutritional statues of study 
population. The majority of mine workers were in 
40+ age group having >20yrs of exposure to the 
iron ore mining. It was observed that the majority 
of workers were either overweight (52.4%) or nor-
mal weight (42.5%). It can be infered that as these 
workers had regular source of income and as ex-
pected the nutritional status was good. These find-
ings are in line with the studies conducted by NIMH 
at other PSUs/Private sector mines. 

In comparison to the mine workers the overall 
nutritional status of the general popualtion and 
the school children was poor with 24.2% of gen-
eral popualtion and 54.7% of the school children 
were found to be underweight. Males in both gen-
eral popualtion and the school children were found 

to be more undernourished as compared to their 
female counterparts. With 26.6% men compared 
to 22.3% women in general popualtion and 60.3% 
of boys as compared to 49.2% girls in the school 
children were undernourished. The overall prev-
alence of overweight in general population was 
27.5% which is lower than that of mine workers. 
These findings are in line with the NFHS-3 survey 
which showed 43% women and 33% men are un-
derweight in state of Jharkhand [9]. Another sur-
vey conducted by National Nutrition Monitoring 
Bureaus (NNMB) showed that about 35% each of 
the men and women had chronic energy deficiency 
(BMI < 18.5) i.e. underweight, also had the similar 
findings [10].

Chest X-ray

Long term exposure to iron dust results in depo-
sition of iron in the lung which causes condition 
known as Siderosis which is generally assumed to 
be a benign condition usually not associated with 
respiratory symptoms. Few surveys have been con-
ducted to study the effect of iron dust on the lung, 
which showed the prevalence of pneumoconiosis 
around 42%, however these studies were con-
ducted in underground mines and the effects may 
also be attributed to smoking and silica present in 
the dust [11]. In the present study, x-rays of mine 
workers showed evidence of 3.4% each for pneu-
moconiosis and suspected pneumoconiosis which 
is much lower than the earlier reported studies; it 
might be attributed to the better mining condition 
or to smaller sample size. Evaluation of the x-rays 
of general population did not show evidence of 
pneumoconiosis.

Pulmonary function test

Exposures to iron dust on longer duration may 
have effect on respiratory function as that of smok-
ing, iron has also been shown to cause fibrosis in 
some cases. Small functional changes of restriction 
and loss of lung compliance are also reported due 
to iron exposure [12]. The spirometry findings of 
the mine workers showed 3.3% had mild restric-
tion; however these persons did not have the histo-
ry of cigarette smoking. The persons detected with 
suspected pneumoconiosis / pneumoconiosis had 
normal FVC and FEV1. Spirometric evaluations of 
the general population revealed 5.3% having mild 
restrictive impairment; whereas only 1 school chil-
dren had mild impairment.

Table 6. Findings of audiometry evaluations among 
study groups.

Mine Workers General Population

(n = 92) (n = 119)

Normal 51 (55.4) 93 (78.1)

NIHL 22 (23.8) 0

Bilateral Hearing Loss 9 (9.7) 18 (15.1)

Unilateral Hearing Loss 10 (10.8) 8 (6.7)
Figures in parenthesis indicate percentage.
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Audiometry

Noise induced hearing loss (NIHL) isone of the 
common occupational health hazard of mining op-
erations. Surveys conducted by DGMS and other 
institutions have shown high levels of noise in drill-
ing, blasting, screening, use of heavy earth moving 
machineries, etc. The present study showed that 
the about 45% mine workers were having some 
form of hearing impairment of which 23.8% was 
attributed to NIHL and remaining 21% were due 
to the other factors. The prevalence of NIHL was 
in line with similar trend observed in the studies 
conducted by NIMH at different mining compa-
nies. The studies conducted by NIMH have shown 
the prevalence of NIHL ranging from 20% to 30% 
[13-15]. Audiometric findings suggested that the 
prevalence of NIHL is directly proportional with 
duration of exposure. The findings showed that 
5.2% of workers were having NIHL who had expo-
sure of <10 yrs whereas in 11 to 20 yrs of exposure 
it was 25.9% and in 21 to 30 yrs exposure it was 
27.7% and with exposure >30 yrs it was 30.0% . 
The association of NIHL with increase in dura-
tion of exposure was statistically significant (p < 
0.001). The audiometric findings of the general 
population suggested that about 15.2% had bilat-
eral hearing loss mostly age related with 14.7% in 
age group of 41 to 50, 50% in the age group of 51 
to 60 and 62.5% in the age group of >60. 4.1% of 
subjects had unilateral hearing loss because of var-
ious reasons.

Biochemical parameters

The results showed that about 64% of mine work-
ers were suffering from anemia of which 14% had 
moderate anemia which is serious as the job pro-
file of mine workers requires strenuous physical 
hard work and this anemia will result in decreased 
physical output causing tiredness/weakness. The 

earlier studies conducted by NIMH had shown the 
prevalence of anemia between 20–25% among 
mine workers [13-15]. However, there are no oth-
er reported studies regarding anemia among mine 
workers. 

The status of anemia was more severe among 
general population; of 138 persons about 85% of 
the population was suffering from anemia of which 
46% were suffering from moderate and 6.4% from 
severe anemia. About 72.5% of the women were 
suffering from moderate and 5.2% from severe 
anemia. Among the 126 school children, the re-
sults showed that 62 girls out of 63 and 55 boys 
out of 63 had anemia. Overall 96% of the school 
children had anemia with 69.8% girls and 28.5% 
boys had moderate anemia. It is being reported 
by World Health Organization that about 50% of 
Indian women are suffering from anemia [16]. The 
National Family Health Survey, India reported that 
Jharkhand has the highest rate of anaemia among 
women of 15-49 years (70%) and one of the high-
est rate of anaemia among adolescent girls of 15-19 
years (67%) as compared to the national average of 
52% [9]. Rate of anaemia among adolescent boys 
of 15-19 years is 41% according to the same sur-
vey and about 30% suffer from moderate to severe 
anemia as compared with 17% for India as a whole. 
Jharkhand Rural Health Society has also depicted 
that anemia is a major health problem in Jharkhand 
state and 70 percent of women in Jharkhand are 
anemic. More than one third of men (37%) are 
also anemic. Data collected under District Level 
Household Survey of the Reproductive and Child 
Health Project showed that prevalence of anemia 
was observed among 99.9% girls of 15 to 19 years 
in Jharkhand [17].

The prevalence of anaemia was compared be-
tween mine workers and men from general pop-
ulation; it was observed that the findings were 

Table 7. Distribution of grades of Anemia among study groups.

Variable Normal Anaemia Total p value (Chi 
square Test)

Mild Moderate Severe

Gender (School 
Children)

Girls 1 (1.5) 17 (27.0) 44 (69.8) 1 (1.6) 63
<0.0001 (HS)

Boys 8 (12.7) 35 (55.5) 18 (28.5) 2 (3.1) 63

Gender (General 
Population)

Female 1 (1.3) 16 (21.0) 55 (72.3) 4 (5.2) 76
<0.0001 (HS)

Male 18 (29.0) 30 (48.3) 9 (14.5) 5 (8.0) 62

Mine Worker Male 38 (37.6) 50 (49.4) 13 (12.8) 0 101 0.3414 (NS)

HS- Highly Significant, NS- Non Significant.
(Figures in parenthesis indicate percentage).
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statistically insignificant. However, when the prev-
alence of anaemia was compared between the 
gender of general population and school children 
group, the association was found to be statistically 
significant thereby indicating the role of gender in 
causing anaemia.

The present study also showed that the prob-
lem of anaemia is much more serious in Jharkhand 
state. Numerous factors, such as the lack of educa-
tion, poor exposure to information, limited role of 
women in decision-making, and last but not least, 
social stereotypes and social economics contrib-
ute being held responsible for the scenario. Along 
with these factors, the anaemia might be attribut-
ed to other causes like prevalent falciparum ma-
laria in the Jharkhand state and may also to sickle 
cell disease. A detailed study in this matter is re-
quired.

Limitation

The study could not conclude any relation between 
iron ore mining and anaemia due to presence of 
many confounding factors. Under nutrition is well 
documented in that area and it may be attributed 
to nutritional status. Hence further investigation is 
required.

Conclusion
The study showed NIHL and anaemia as major 
health effects among mine workers in open cast 
iron ore mining. The major findings of the study 
were high prevalence of anemia and under nutri-
tion among general population well above nation-
al status but in line with the status of anemia in 
Jharkhand state. The study being a pilot project for 
determination of health hazards caused due to iron 
ore mining included less number of study subjects 
and thus the findings may not be representative of 
the real status caused due to iron pollution in West 
Singhbhum District of Jharkhand. Hence, it is rec-
ommended to conduct a large scale epidemiologi-
cal study for determination of the real health status 
in the area affected by iron ore mining.
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