WORLD JOURNAL OF PHARMACEUTICAL RESEARCH

SJIF Impact Factor 8.074
Volume 7, Issue 9, 1252-1263. Research Article ISSN 2277-7105

ASSESSMENT AND EVALUATION OF PULMONARY FUNCTION
PARAMETERS IN UNDERGROUND COAL MINERS OF
TELANGANA STATE

Mohammad Younus Mohiuddin, Sandeep B., Nethaji M., Sudheer Kumar D. and
Kishore P.*

Department of Pharmacy Practice, Care College of Pharmacy, Oglapur (V), Damera (M),
Warangal (Rural), Telangana- 506006, India.

: : ABSTRACT
Article Received on
12 March 2018, The purpose of this study is to evaluate the pulmonary function
Revised on 03 April 2018, . . . .
Accepted on 24 April 2018 parameters using portable electronic spirometer in underground coal
DOI: 10.20959/wjpr20189-12192 miners and to compare the obtained results with the equal number of

*Corresponding Author

general population (Control). The assessed spirometry parameters
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underground coal miners. We noted that 93% underground coal miners

had FVVC abnormality compared to 4% in general population and
12.5% underground coal miners had severe FVC deficit whereas there was no severe FVC
deficit in general population. Among coal miners, factors such as age and work experience
lead to a gradual decline in FVVC. Our spirometry analysis suggests that the FVVC deficit has
an impact in inducing deficiency of other pulmonary function parameters such as FEV,, PEF
and FEFs.7s.
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INTRODUCTION

Coal is a combustible black or brownish-black sedimentary rock composed of carbon-75%,
Ash-9%, Oxygen-8%, Hydrogen-5%, Nitrogen-2%, Sulfur-1%.™ Underground soft rock
mining is a group of underground mining techniques used to extract coal minerals. There are
two primary mining techniques used to mine coal: they are underground mining and surface

mining.™

Pollutants produced by coal dust act on the respiratory system to cause a variety of
obstructive and restrictive lung diseases. Coal dust most potently causes restrictive lung
diseases. Restrictive disease is a condition marked by a reduction in total lung capacity. A
restrictive ventilatory defect may be caused by a pulmonary deficit, such as coal workers

pneumoconiosis, pulmonary fibrosis.™!

Coal Workers Pneumoconiosis (CWP) can be defined as the accumulation of coal dust in the
lungs and the tissue's reaction to its presence; it is also known as black lung disease, it is
caused by long term exposure to coal dust. It is common in coal miners and others who work
with coal. Inhaled coal dust progressively builds up in the lungs and cannot be removed by
the body, this leads to inflammation, fibrosis, and in worse cases, necrosis."

MATERIALS AND METHODS

This study was conducted in Collieries located in towns of Godavarikhani and Srirampur,
Telangana, India between February - September, 2017. Three hundred underground coal
miners were enrolled in this study. Miners above the age of 28 years, having minimum work
experience of 5 years were included, because they have sufficient exposure to acquire
pulmonary dysfunction. These miners work for at least 8 hours per day and 6 days a week
without following any self-protective measures. Miners of age above 60 years, work
experience less than 5 years were excluded. Informed consent was obtained from each
participant prior to collection of data from each participant. Data was collected through direct
personal communication. The type of data collected from each participant includes:
demographic data such as age, past medical history, co-morbid conditions, and social habits
etc. It must be noted that the study included only male participants. Spirometry analysis was
performed using a portable electronic Spirometer (Model- Contec SP 10) to measure the
pulmonary function and the readings were noted. The data obtained from the spirometry

analysis was then compared to an equal number of unexposed general population (control
group).
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Smoking pack-years has been calculated based upon the following formula:

pack.

Pack-years = No. of cigarettes smoked per day x No. of years smoked + No. of cigarettes in a

RESULTS

The results have been divided into two groups and they are as follows

Group I: Underground coal miners

Group II: Control

Group I: Underground (300).

Table. 1: Severity wise distribution of spirometry parameters.

Parameter Normal Mild Moderate Severe
FVC 21 (7 %) 150 (50 %) 92(30.6 %) 37(12.5 %)
FEV; 53 (17.6 %) 134 (44.6 %) 71(23.6 %) 42(14 %)
PEF 76 (25.3 %) 77 (25.6 %) 64(21.3 %) 83(27.6 %)
FEF;5.75 148 (49.3 %) 65 (21.6 %) 47(15.6 %) 40(13.3 %)
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Figure. 1: Age wise distribution.
Table. 2: Age wise distribution of different grades of FVC.
Age group (years) | Normal Mild Moderate | Severe
<30 9 16 2 1
31-35 2 46 5 1
36-40 2 28 10 0
41-45 3 18 12 6
46-50 1 15 36 3
51-55 3 15 15 8
56-60 2 11 12 18
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Figure. 2: Age wise distribution of different grades of FEV;.

Table. 3: Duration of exposure wise distribution.

Exposure duration (years) | Number of individuals
6-10 88
11-15 43
16-20 53
21-25 48
26-30 51
>30 17

Table. 4: Distribution of different grades of FVVC according to duration of exposure.

Exposure duration (years) | Normal | Mild | Moderate | Severe
6-10 12 63 11 2
11-15 2 29 12 0
16-20 2 22 21 8
21-25 1 14 25 8
26-30 4 15 20 12
>30 1 6 3 7
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Figure. 3: Distribution of different grades of FEV; according to duration of exposure.
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Social history wise distribution

Smoking: Total number of smokers = 81 (27 %).

Table. 5: Smoking (pack year) wise distribution of different grades of FVC.

Pack year Normal Mild Moderate Severe
0-3 3 19 11 2
>3-6 2 9 6 3
>6-9 0 9 8 9

Table. 6: Smoking (pack year) wise distribution of different grades of FEV1.

Pack year Normal Mild Moderate Severe
0-3 18 15 8 4
>3-6 1 4 7 8
>6-9 1 5 7 13

Co-morbid conditions wise distribution
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Figure. 4: Co-morbid conditions wise distribution.

FVC wise distribution of other parameters

FVC vs. FEV; distribution

Of 300 UG (UnderGround) coal miners, FVC was normal in 22 individuals, among them 8
had abnormal FEV;. Among 149 individuals with mild FVC, FEV; was abnormal in 112
(75.1%). Among 92 individuals with moderate FVC, FEV; was abnormal in 90 (97.8%).
Among 37 individuals with severe FVC, FEV; was abnormal in all individuals (100%).

FVC vs. PEF distribution: Out of 300, FVC was normal in 22 individuals, among them 13
(59%) has abnormal PEF. Among 149 individuals with mild FVC, PEF was abnormal in 96
(64.4%). Among 92 individuals with moderate FVC, PEF was abnormal in 78 (84.7%).
Among 37 individuals with severe FVC, PEF was abnormal in 37 (100%) individuals.
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FVC vs. FEF,s5.75 distribution

Out of 300, FVC was normal in 22 individuals. Among them 9(40.9 %) has abnormal FEFs.
75. Among 149 individuals with mild FVC, FEF,s.75 was abnormal in 53(35.5 %) individuals.
Among 92 individuals with moderate FVC, FEF,s.75 was abnormal in 55(59.7 %) individuals.

Among 37 individuals with severe FVC, FEF,s5.75 was abnormal in 35(94.5 %) individuals.

Body Mass Index (BMI) wise distribution
Underground mean BMI was 23.78 £ 1.17

BMI wise distribution of FVC

Out of 300 individuals, 260 (86.6 %) had normal BMI (BMI 18.5 - 25), among them FVC
was abnormal in 243 (93.4 %). Of 40 (13.3 %) individuals who were overweight (BMI > 25),
35 (87.5 %) individuals had abnormal FVC.

BMI wise distribution of FEV;

Out of 300 individuals, 260 (86.6 %) were having normal BMI, among them FEVj;was
abnormal in 215 (82.6 %). 40 (13.3 %) were overweight, among them FEVjiwas abnormal in
32 (80 %) individuals.

BMI wise distribution of PEF

Out of 300 individuals, 260 (86.6 %) were having normal BMI, among them PEF was
abnormal in 197 (75.7 %). 40 (13.3 %) were overweight, among them PEF was abnormal in
27 (67.5 %) individuals.

BMI wise distribution of FEF5.75

Out of 300 individuals, 260 (86.6 %) were having normal BMI, among them FEF5.75 was
abnormal in 135 (51.9 %). 40 (13.3 %) were overweight, among them FEF 575 was abnormal
in 17 (42.5 %) individuals.

Group 11: Control (300)

Table. 7: Severity wise distribution of spirometry parameters.

Parameter Normal Mild Moderate Severe
FvC 288 (96%) 11 (3.6%) 1 (0.3%) 0 (0%)
FEV, 295 (98.3%) 4 (1.3%) 1 (0.3%) 0 (0%)
PEF 283 (94.3%) 13 (4.3%) 1 (0.3%) 4 (1.3%)
FEF,s5.75 296 (98.6%) 0 (0%) 4 (1.3%) 0 (0%)
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Table. 8: Statistical analysis of obtained results. (Using Graphpad Prism 7)

Underground vs. Control P Value R® t 95 % CI

FVC 0.025 0.0083 2.247 -5.436 to0 -0.3651

FEV, <0.0001 0.702 37.53 -1.865 to -1.68

PEF <0.0001 0.4349 21.45 -3.565 to -2.967

FEF25.75 <0.0001 0.5133 25.11 -2.633 t0 -2.251
DISCUSSION

Underground coal miners: In a study conducted by Wang et al 2013, the restrictive
impairment in underground coal miners was noted to be 6.4%. In contrast, we found that
restrictive lung function was 93 % and obstructive lung function 2.3%. This disparity is due
to the enforcement of US Coal Mine Health and Safety Act, which became a law in 1969,
establishing an enforceable federal limit on the exposure of underground miners to respirable
coal mine dust. In the first 30 years of enforcement of this law, 89% decline was observed in
the prevalence of restrictive lung disease and coal worker’s pneumoconiosis. Where as in
India, there is no such law enforcement to reduce the risk and limit of dust exposure in coal

miners. Hence lung function was compromised in 93% of underground coal miners.

a) Forced Vital Capacity (FVC): It is the amount of air which can be forcibly exhaled from
the lungs after taking the deepest possible inhalation. FVC is used to determine both the
presence and severity of restrictive lung diseases. In this study, 12.5% of the participants
were found to have severe FVC deficit, whereas 32% had moderate, and 50% individuals had
mild FVC deficits. Various factors which impact pulmonary condition among underground

coal miners are as follows.

Duration of exposure: Individuals with work exposure of 21-25 years had 97.9% FVC
deficit and the severity was found to be increasing significantly from 16-30 and above years
of work exposure (15% to 41.1%). This may be because of exposure tenure and FVC deficit

which has a direct proportionality.

Age: In a study conducted by Wang et al 2013 the mean age was found to be 46.5 years +
10, with an age range of 18-74 years. Similarly, we noticed that mean age was 43.62 years *
9.52, age range was < 30-60 years. 98.1% of the underground coal miners had abnormal lung
function in the age group of 46-50, which was highest compared to the other age groups. The

severity was found to be increasing gradually in the age groups between 46- 60 years. The
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above observation reveals that severity was seemed to be increasing with age. Since, age is

related to exposure tenure, FVC deficit was increasing proportionately.

Smoking: In a study conducted by Wang et al 2013%, total number of smokers was found to
be 22 %. In comparison, our study had 27% smokers. Among these, highest degree of FVC
abnormality was noted in > 6-9 pack year interval individuals. Of which 34.6%, 30.7%,
34.6% had a mild, moderate and severe deficit in FVC respectively. This deficit in FVC was
may be due to combined effect of smoking accompanied with underground coal mining.
Other social habits such as alcohol intake and tobacco chewing have no conclusive evidence

in the incidence of deficit in pulmonary function.

BMI: In a study conducted by Blackley et al 2014, they found that the BMI of underground
coal miners was 30.1 + 5.1. In our study, we observed BMI as 23.78 + 1.17. Of 300
individuals, 260 had normal BMI. Among them, FVC was abnormal in 93.4%. Of 40
individuals who were overweight, 87.5% had abnormal FVC. There was a slight difference
noticed in FVC abnormality among the individuals with normal and abnormal BMI. Our

study suggests that the effect of BMI in inducing FVVC deficit is unclear in coal miners.

b) Forced Expiratory Volume in 1st second (FEV,): It is the volume of air forcefully

exhaled in the 1st second of total expiratory time.

A study conducted by Blackley et al 2014 found 13.5 % of underground coal miners had
abnormal spirometry in large mines and 40 % abnormality in small mines. In contrast, we
noticed that 82.3% underground coal miners had FEV; abnormality. Among the total, 44.6%,
23.6% and 14% had mild, moderate and severe FEV; deficit respectively. As stated
previously, this dissimilarity is due to the enforcement of US Coal Mine Health and Safety
Act 1969, establishing an enforceable federal limit on the exposure of underground miners to
respirable coal mine dust. Where as in India, there is no such law enforcement to limit the
dust exposure in coal miners. Hence lung function was compromised in 82.3% of

underground coal miners.

Duration of exposure: Individuals with work exposure of 16-20 years had 94.3% FEV;
deficit and the severity was found to be increasing significantly from 11- 30 years and above
of work exposure (2.3% to 35.2%). This may be due to the direct proportionality between
degree of exposure and FEV1 deficit.
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Age: In a study conducted by A E Raju et al 20141"), the mean age was observed to be 40
years. Similarly, we observed the mean age as 43.62 + 9.52. 95.1% underground coal miners
had abnormal FEV; in the age group of 51-55 years. The severity was found to be increasing
gradually from 9% to 39.5 % in the age groups between 46-60 years. The above observation
reveals that severity seemed to be increasing with age. Since, age is associated to exposure

tenure, FEV1 deficit was increasing proportionately.

Smoking: In a study conducted by Soutar and Hurley et al 1986, total number of smokers
in their study were found to be 63% and average estimated effect of smoking was to reduce
FEV:1 more than FVC and to reduce FEV1/FVC ratio. In comparison, our study had 27%
smokers. Among these, highest abnormality was noted in > 6-9 pack year interval as 96.1%,
of which 20%, 28%, 52% had a mild, moderate and severe deficit in FEV; respectively. This
observation reveals that smoking induces a deficit in FEV; more than other parameters.

BMI: A study conducted by Guangxing Xu et al 2012"!, found that the BMI of coal miners
was 24.1 + 4.1. In our study, we observed BMI as 23.78 + 1.17. Of total individuals, 260 had
normal BMI, among them FEV; was abnormal in 82.6%. Of the 40 overweight individuals
FEV: was abnormal in 80%. Our study suggests that there is an unclear association between
BMI and FEV; deficit.

c) Peak Expiratory Flow (PEF): It is the maximal flow/peak (or speed) achieved during the

maximal forced expiration. It is mostly dependent on person’s force of exhalation.

In this study, out of 300 underground coal miners, 74.6% had abnormal PEF. Of all the
participants tested, 25.6%, 21.3% and 27.6% had mild, moderate and severe PEF deficit
respectively. PEF depends upon the individual force of expiration; hence it could not be used

as an absolute determinant in governing the lung function.

d) Forced Expiratory Flow (FEF..75): Forced expiratory flow (FEF) is the flow of air
coming out of the lung during the middle portion of a forced expiration. The usual intervals
are 25% and 75% of FVC.

In this study, of 300 underground coal miners, 50.6% had FEF,s.75 abnormality. Among the
total 21.6%, 15.6 % and 13.3% had mild, moderate and severe FEF,s.75 deficit respectively.
We observed a decline in FEF,s.75 which might be due to a greater decline in FVC.
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Co-morbid conditions: In a study conducted by Zheng et al 20171'% 60.8% were
Hypertensive, 14% were Diabetic with a mean age of 65.15 + 8.86. In our study, we found
that 20% underground coal miners had past medical history. Hypertension was the most
observed co-morbidity which constituted up to 13.6%, followed by Diabetes mellitus.
Hypertension and Diabetes mellitus are most frequently seen co-morbidities globally. The
higher percentage in their study was due to variance in the mean age, as the age increases the

chance of developing these diseases increases.

FVC vs. Other parameters: (Underground coal miners)

FVC vs. FEV;: FVC was normal in 22 and abnormal in 278 individuals. Among the
individuals with abnormal FVC, 88.8% individuals had abnormal FEV3, of these 46.7% had
mild FEV deficit, 24.8% had moderate FEV; deficit and 14.3% individuals had severe deficit
in FEV:. Among the individuals with normal FVC, 36.3% had abnormal FEV;. We observed
that FEV; deficit was more in the individuals with abnormal FVC. This might be due to the
longitudinal decline in FVC for a prolonged time which may have caused a decline in FEV;.

FVC vs. PEF: FVC was normal in 22 and abnormal in 278 individuals. Among the
individuals with abnormal FVC, 75.8% individuals had abnormal PEF, out of these 26.6%,
20.8% and 28.4% individuals had a mild, moderate and severe decline in PEF respectively.
Among individuals with normal FVC, 59% had abnormal PEF. We observed that PEF deficit
was more in individuals with abnormal FVC. The relation between FVC and PEF is
insignificant as the PEF varies from person to person based on individual force of expiration.
FVC vs. FEF,.75: FVC was normal in 22 and abnormal in 278 individuals. Among the
individuals with abnormal FVC, 51.4% individuals had abnormal FEF,5.75, out of these
21.5% had mild FEFs.75 deficit, 16.1% had moderate FEF,5.75 deficit and 13.6% had severe
deficit in FEF,5.7s. Among the individuals with normal FVC, 40.9% had abnormal FEF;s.75.
We observed that FEF.5.75 deficit was more in the individuals with abnormal FVC. The

observed decline in FEF .75 is due to a greater decline in FVC.

Control group
Among 300 control group 4% had restrictive lung function and 1.3% had obstructive lung
function. Deficit in lung function is very mild in control group because they are general

population who has almost no exposure to occupational dust pollution.

Underground coal miners — Control
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Wide difference was observed in the lung function between underground coal miners and
control group. 93% underground coal miners had abnormal FVC compared to 4% in the
control group. 82.3% underground coal miners had abnormal FEV; compared to 1.6% in the
control group. 74.6% underground coal miners had abnormal PEF compared to 5.3% in the
control group. 50.6% underground coal miners had abnormal FEF;5.7;5 compared to 1.3% in
the control group. This difference is due to negligible dust exposure among the control group
which is insignificant compared to mammoth coal dust exposure among underground coal

miners.

CONCLUSION

Our study indicates that underground coal miners have extreme risk of acquiring restrictive
lung diseases. The conclusion is based on evidence gathered during the study wherein we
noted that as the age and experience of the miners who participated in the study increased, the
observed FVC levels decreased. Results of our study do not align with those of other studies
conducted in other parts of the world, perhaps because of the preventable measures enforced
by the respective governments where the studies were conducted in order to limit coal

miners’ exposure to dust and reduce the overall risk of lung diseases.

Given the fact that restrictive lung disease cannot be reversed and that they can only be
treated symptomatically, coal miners need to take extreme precautions so that they don’t
acquire the disease. Measures such as use of dust preventive face masks, lifestyle
modifications etc. are highly recommended. Additionally, regular analysis of pulmonary
function and early detection of restrictive lung disease can go a long way in not only reducing
the progression of the disease, but also improving its prognosis. A clinical pharmacist can
play a crucial role in regard to counseling these individuals concerning the use of different

preventive measures which can aid in prevention and progression of the disease.

REFERENCES

1. Stephen Tangwe, Michael Simon and Edson Meyer. Evaluating energy efficiency on a
coal power plant performance; November 20th, 2014,
http://www.ee.co.za/article/evaluating-energy-efficiency-coal-power-plants
performance.html.

2. The Coal Resource: A Comprehensive Overview of Coal World Coal. Coal Mining,
World Coal Institute. Revised on 10" March 2009,

WWW.Wjpr.net Vol 7, Issue 9, 2018. 1262



http://www.ee.co.za/article/evaluating-energy-efficiency-coal-power-plants%20%20performance.html
http://www.ee.co.za/article/evaluating-energy-efficiency-coal-power-plants%20%20performance.html

Kishore et al. World Journal of Pharmaceutical Research

10.

https://www.worldcoal.org/sites/default/files/resources_files/coal_resource_overview_of
coal_report%2803 06 2009%29.pdf.

Johns Hopkins School of Medicine's Interactive Respiratory Physiology, Restrictive
Ventilatory Defect. Retrieved on February 25, 2010.

Morgan WK, Seaton A. Occupational Lung Diseases. Philadelphia, Pa: WB Saunders,
1975; 149-210.

Mei Lin Wang, MD, MPH, Lu-Ann Beeckman-Wagner, PhD, Anita L. Wolfe, BA, Girija
Syamlal, MBBS, MPH, and Edward L. Petsonk, MD. Lung-Function Impairment Among
US Underground Coal Miners, 2005 to 2009: Geographic Patterns and Association With
Coal Workers' Pneumoconiosis. J Occup Environ Med., 2013 July; 55(7): 846-850.
Blackley Dj, Halldin CN, Wang ML, Laney AS. Small mine size is associated with lung
function abnormality and pneumoconiosis among underground coal miners in Kentucky,
Virginia and West Virginia. Occup Environ Med., Oct., 2014; 71(10): 690-4.

Annepaka Eliya Raju, Jhansi. K, Amruta.K, Rasool Sayaad, Munisekhar K. A study on
pulmonary function tests in coal mine workers in Khammam district, Telangana-India. Int
J Physiother Res., 2014, 2(3): 502-06.

C A soutar and J H Hurley. Relation between dust exposure and lung function in miners
and ex-miners. British Journal of Industrial Medicine, 1986; 43: 307-320.

Guangxing Xu, Dong Pang, Fengying Liu, Desheng Pei, Sheng Wang and Liping Li.
Prevalence of low back pain and associated occupational factors among Chinese coal
miners. BMC Public Health, 2012; 12: 149.

Yao Zheng, Lirong Liang, Tianbang Qin, Guang Yang, Shasha An, Yang Wang, Zhifang
Li, Zhongda Shao, Xiuping Zhu, Taicheng Yao, Shouling Wu and Jun Cai. Cross-section
analysis of coal workers’ pneumoconiosis and higher brachial-ankle pulse wave velocity
within Kailuan study. BMC Public Health, 2017; 17: 148.

WWW.Wjpr.net Vol 7, Issue 9, 2018. 1263



https://www.worldcoal.org/sites/default/files/resources_files/coal_resource_overview_of_coal_report%2803_06_2009%29.pdf
https://www.worldcoal.org/sites/default/files/resources_files/coal_resource_overview_of_coal_report%2803_06_2009%29.pdf
http://oac.med.jhmi.edu/res_phys/Encyclopedia/RestrictVentDefect/RestrictVentDefect.HTML
http://oac.med.jhmi.edu/res_phys/Encyclopedia/RestrictVentDefect/RestrictVentDefect.HTML
https://www.ncbi.nlm.nih.gov/pubmed/25052085

