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Abstract
Our respiratory system is a primary target of the harmful effects of poor indoor 
and outdoor air quality, therefore, the present study was undertaken in rural 
settings of Solan district of HP on 23 Pulmonary tuberculosis patients diagnosed 
at the Secondary Care level hospital of Solan in 2018 and 2019. Their lung 
function assessment was undertaken with Spirometry at the beginning and after 
six months of anti-tubercular treatment (ATT). Accordingly, air quality (indoor 
and outdoor) was assessed and the Air Quality Index (AQI) was computed.  
In total 300 participants in ten villages of the selected patients were selected to 
create awareness vis a vis literacy on the significance of air quality management 
for ensuring human health, especially tuberculosis management. Air pollution-
abating plants were introduced in residential settings (indoor and outdoor)  
of selected patients. The study indicated that per unit AQI improvement of 16.6,  
11.86 and 13.91 due to created literacy and environmental amelioration by 
introducing plants and enhancing air circulation/ventilation resulted per unit 
increase in the lung health index of tubercular patients with each of 0.0005 units  
of improvement in air quality. Capacity building on air quality management 
improved air quality as well as lung health of tubercular patients.
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Introduction
Globally, polluted air is the largest environmental 
health risk factor leading to respiratory diseases, 
both obstructive and restrictive in nature. Every 
year 4.3 and 3.7 million people die across the world 
due to polluted ambient and indoor air respectively.1 
Tuberculosis (TB) is the world’s second leading 
cause of death from a single infectious agent.2 India 
ranks amongst the six countries which share 60 % 
of the global burden of the disease.3 Henceforth, 
the elimination of the disease from the world 
largely depends on the preventive and curative 
care adopted in the country.4,5 Gasses such as O3, 
NO2, SO2, VOC, CO and other pollutants such as 
particulate matter enhance the susceptibility of the 
lung parenchyma to tuberculosis development.6,7

Maintaining ambient air quality by ameliorating 
environmental determinants has been reported to  
improve respiratory health and decrease in the 
incidence of TB infection.8 Whereas, ambient and indoor  
air pollution may lead to millions of deaths annually 
across the world.9

Numerous case studies, ecological analysis and 
animal experiments have evinced that the pollutants 
such as PM2.5 and PM10, gases such as O3, NO2, SO2, 
VOC, and CO may alter the functions of macrophages 
by decreasing the interferon-gamma and tumour 
necrosis factor levels, may lead to decreased 
immunity and increased chances of developing 
the tubercular disease. The poor air quality  
has been reported to result in decreased lung 
compliance as indicated by total lung capacity, 
inspiration capacity, expiratory reserve volume 
and residual volume. Therefore, the present 
study was undertaken to work out ways to end 
the TB epidemic to achieve the Sustainable 
Development Goals globally10 and the WHO targets 
to decrease TB incidences by 80% by the end of 
2030 in comparison to 2015.11 Scientific experts 
have emphasised adopting a holistic approach 
to eliminating tuberculosis by educating different 
stakeholders and incorporating the promotive, 
preventive and curative sciences.12,-14

Under the domain of the Stop TB strategy, the 
vulnerable population is being protected from 

developing TB. Persons living in polluted air areas 
(both rural and urban) are a vulnerable group. In 
India, 68.84% of the population lives in rural areas, 
mostly villages15 and there is a scarcity of healthcare 
facilities in the countryside regions.16 Moreover, 
social stigma and taboos associated with TB still 
exist in these rural settings of Indian society and here 
it is a neglected disease.17 Therefore, the present 
study was undertaken to assess the relationship 
between the air quality and the lung health of Tb 
patients along with an assessment of the effect of 
air pollution mitigation on the air quality index (AQI).

Materials and Methods
Study Design
A prospective cohort interventional study was 
undertaken.

Study Population
The study participants were the pulmonary tubercular 
patients diagnosed in the Designated Microscopy 
Centre (DMC) of the secondary care hospital of the 
district, Regional Hospital Solan and the residents 
of those villages to which the diagnosed tubercular 
patients belonged.

Study Area
The awareness camps and air quality assessments 
were undertaken in the ten villages of Solan, an 
industrializing region in northern India.

Study Period
The study was conducted during the years 2018-2020.  
The assessments of air quality, lung health, 
knowledge and practice attributes of participants 
were undertaken during the years 2018-2019.

Sample Size
To achieve the objectives twenty-three diagnosed 
tubercular patients, residents of ten villages of Solan 
district of HP were enrolled in the study (Figure 1).

Inclusion Criteria
The study group included all those TB patients 
who successfully completed the anti-tuberculosis 
treatment regimen in 2018, for drug-sensitive TB, 
for six months and did not consume any r medicine 
other than that of anti-TB drugs.
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The study also included the first 30 villagers 
(age > 18 years) who gave voluntary consent for 
participation in the study, from each of the 10 resident 
villages (N=300) of the TB patients.

Baseline knowledge and practice attributes about 
the environmental determinants and mitigation of 
air pollution were assessed for these 300 villagers 
at the beginning of the study by using a pilot-tested 
standardized questionnaire. Awareness camps 
for the mitigation of air pollution were organized 
for these study participants. Simultaneously, the 
baseline lung volume status of the diagnosed 
tubercular patients (N=23) was also measured at the 
start of anti-tubercular treatment. The Lung Health 
Index was calculated. The baseline ambient AQI of 
these 10 villages was also calculated.

Awareness camps were organized in the selected 
villages for enrolled participants (N=300) at the time 
of the start of the anti-tubercular treatment of the 
selected TB patients.

The following intervention steps were taught to the 
study participants (N=300) by means of awareness 
camps.
• Adoption of scientific waste disposal methods 

and avoiding improper, unscientific waste 
disposal.

• Stopping littering around the residential regions. 

• Not following stubble burning by farmers, 
advocating burial methods for stubble disposal.

• Avoiding waste burning in the region, adopting 
scientific waste disposal.

• Stopping indoor mud cook stove burning and 
usage of liquefied petroleum gas (LPG) as fuel 
for cooking alternatively.

• Industries if any in the village, to monitor and 
ameliorate all the untreated industrial emissions.

• Adoption of cross-ventilations in residential and 
industrial premises.

• Adopting various architectural changes to 
ensure cross ventilation.

• Adoption of air pollution abating plants at (Indoor 
and outdoor) 

The respondents were encouraged to grow the 
following pollution-abating plants inside their housing 
settings and as well.

Indoor Plants
Justiciaadhatoda (Basuti), Murrayakoenigii 
(Kadipatta), Catharanthusroseus (Chinesesa-
dabahar), Spathiphyllumwallissi (Peace lily), 
Chamaedoreaseifrizii (Bamboo palm), Rhapis- 
excelsa(Rafiz palm), Philodendron scandens 
(Philodendron), Ficuselastica(Rubber plant), 
Dypsislutescens (Areca palm), Ficusbenjamina 
(Weeping fig), Salvarosmarinus(Rosemary),
Dracaena trifasciata (Snake plant), Gerbera 

Fig. 1:  Map of the study area



1272SINGH et al., Curr. World Environ., Vol. 19(3) 1269-1278 (2024)

jamesonii(Gerbera jedi), Dendrathemagrandiflora 
(Guldaodi), Hedera helix(English ivy) and Aloe vera 
(Aloe-vera), Epipremnumaureum (Golden pothos),  
Tabernaemontanadivaricata (Chandni) and 
Chlorophytumcomosum (Spider plant).

Outdoor Plants
Jasminumgrand i f lo rum  (Whi te  chamel i ) , 
Ficusreligiosa (Peepal), Terminaliabellerica(Bajeda), 
Bauhinia variegata (Kachnaar), Syzygiumcuminii 
(Jamun), Cassia fistula(Amaltaas), Emblicaofficinalis  
(Amla), Azadirachtaindica(Neem), Ficusbenghalensis  
(Bargad), Millettiapinnata (Karanj), Cascabelathevetia  
(Peetkaner), Cestrum nocturnum (Raatki rani),  
Terminaliaarjuna (Arjun) and Jatrophacuracas 
(Jetropa),

To determine the impacts, the knowledge and 
practice attributes about air pollution mitigation 
were again assessed after a span of six months. 
Lung volumes were also repeated by spirometry 
and Lung Health Indices. AQI of the of the selected 
housing settings was computed by measuring all 
its indicators.

Pilot pilot-tested standardized questionnaire 
(Interviewer administered) was employed to elicit 
knowledge and practice attributes of the rural 
population about maintaining good air quality indoors 
as well as outdoors.

Calculation of AQI
Ambient air quality assessment by monitoring four 
important criteria of air pollutants was conducted in 
the selected ten villages by employing a Respirable 
Dust Sampler (Cat. No MBLRDS-002) and Fine 
Dust Sampler (DFPM 2.5 SAMPLER). The samplers 
were employed for two days at each of the ten sites. 
Further analysis was done by gravimetric (particulate 
matter) and volumetric (gaseous pollutants) 
methods18

Method for Analysis of Air Quality Index
The AQI was calculated from the observed NO2, 
SO2, PM10 and VOC, values by using the following 
formulae.19

Where:
IPM, ISO2, INOX and Ivoc in equation (1) are individual 
values of particulate matter, sulphur dioxide, 

oxides of nitrogen and volatile organic compounds, 
respectively. SPM10, SSO2, SNOX and Svoc are standards 
of ambient air quality with concentration values 
in ambient air (µg/m3) as 100, 60, 80 and 80 
respectively.

Statistical Analysis Plan
Principal Component Analysis (PCA) was used for 
the analysis of the following parameters among the 
study participants (N=300)

• Knowledge of eight factors determining the 
quality of the environment like scientific waste 
disposal, littering, stubble burning, waste 
burning, etc.

• Adoption and practicing the eight methods 
which ameliorate the environment by mitigation 
of air pollution.

Under the method PCA, principal components 
were derived such that their number was equal to 
the number of determinants of the environment. 
Principal component 1 (PC 1) carried the highest 
variation among all the principal components. 
Henceforth, PC 1 was employed to assign the weight 
for each environmental determinant.

PC1= b1x1 + b2x2  +···… .bnxn………  ...(2)

Where b denoted each component’s coefficient.
The weights were calculated as the proportion of the 
coefficient of each parameter in equation (1) in such 
a manner that the sum of the weights equalled to 1.

The next step involved the process of standardization 
of parameters which was achieved by using the 
formulae.

Actual value - minimum value / maximum value – 
minimum value

Each individual/village index values were then 
calculated as

x11 w1+ x11 w2+x13 w3 …….+ x1n wn  ...(3)

Where x1n denoted the standardized values of the nth 
parameter of individual/village 1 and wn represented 
the weight of the nth parameter calculated by PCA.
It was assumed that value 1 of the principal 
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knowledge index inferred no knowledge and value 
0 as high knowledge. For the principal practice 
index, the values 1 and 0 referred to not practicing 
and practicing the environmental amelioration steps 
respectively.

Thereafter, all the index values were calculated 
i.e., the principal knowledge index and the principal 
practice index were computed using methods 
of simple linear regression and two-way ANOVA 
by using Statistical Package for Social Sciences 
(SPSS), version-21 software.

Results and Discussion 
The mean age of the tubercular patients (N=23; 
males = 46.7%; females = 53.3%) was 26.58 ± 6.89 
years. 68.9% of patients were from rural and 31.1% 
from urban areas. 88.9% were employed and only 
2.2% of the patients had education below the primary 
level of education i.e. fifth standard.  28.9% had an 
education level between the primary and secondary 
level of school education. The majority of the patients 
were graduates (68.9%).

The principal knowledge index was calculated for 
every 30 participants selected out of 10 villages 
of the Solan district of HP. In total, there were 300 
respondents (N=300) from five villages each in the 
year 2018 and 2019 respectively. This was calculated 
before and after the organization of the environment 
amelioration awareness camp (Supplementary 
Tables 1 and 2). The average principal knowledge 
index ranged from 0.59 in village number 3 to 0.82 
in village number 7 before the organization of the 

camps whereas it varied from 0.08 in village number 
7 to 0.19 in village number 6 after the camps.

Similarly, the Principal Practice index was calculated. 
Supplementary Tables 3 and 4 depicted the values of 
all the respondents before and after the organization 
of camps. It was from 0.52 in village number 4 to 
0.70 in village number 8 before the camps and from 
0.14 in village number 3,4,5 and 6 to 0.70 in village 
number 8.

Analysis by Two-way ANOVA inferred (Table 1) that 
the highest knowledge (0.08) was observed in village 
7 during the post-camp period. The knowledge 
about the eight environmental parameters varied 
significantly with the pre- and post-organization of 
the awareness programmes amongst the villagers. 
The highest knowledge (0.14) was observed post 
the organization of the camps (values being closer 
to 0, which we had assumed as inferring: having 
the knowledge). This was in comparison to low 
knowledge (0.73) prevailing before the organization 
of the camp (value closer to 1, which we had 
assumed that 1 inferred having no knowledge). 

The study also evinced that during the post-camp 
period i.e. after six months of the organization of 
sensitization camps, the practice of adopting the 
environmental ameliorating steps of mitigating air 
pollution was more by the village residents (0.17, 
which is closer value to 0 and we had assumed 0 
as the presence of the practice of the environmental 
parameters).

Table 1: Two-way analysis of variance of knowledge and practice about environmental 
ameliorative parameters in the rural settings of Solan District of HP

  
Parameter Individual Village  Knowledge Index  Practice Index
 parameter No.
 weight  Pre- Post- Mean Pre- Post- Mean
   training training  training training

a. Scientific 0.12 1 0.12 0.44 0.63 0.19 0.41 0.30
waste disposal 
b. Harmful health 0.14 2 0.75 0.11 0.43 0.57 0.17 0.37
effects of littering
c. Harmful health 0.14 3 0.59 0.17 0.38 0.64 0.14 0.39
effects due to
stubble burning
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d. Harmful health 0.14 4 0.71 0.18 0.44 0.52 0.14 0.33
effects of waste 
burning
e. Harmful health 0.12      5 0.77 0.17 0.47 0.59 0.14 0.36
effects of indoor 
mud cookstove 
burning
f. Harmful health 0.09 6 0.78 0.19 0.48 0.62 0.14 0.38
effects of untreated 
industrial emission
g. Knowledge of 0.12 7 0.82 0.08 0.45 0.64 0.15 0.40
indoor cross- 
ventilation
h. Harmful health 0.13 9 0.73 0.11 0.42 0.62 0.19 0.41
effects of waste 
burning
i. Harmful health 0.11 10 0.68 0.14 0.41 0.62 0.19 0.40
effects of indoor 
mud cook-stove 
burning
Mean   0.73 0.14  0.62 0.17 
CD Camp 0.03 0.04
Villagex Camp 0.07 0.09
Village  0.13 0.13

The individual weights of the four different types 
of lung volumes of the study participants were 
calculated. Thereafter respective individual principal 

components were calculated by the PCA statistics 
(Table 2).

Table 2: Principal component values of the four lung volumes

Parameter Individual  Principal component value
 parameter 
 weight

FVC 0.11 0.84 0.20 0.48
FEVI 0.62 0.62 0.19 0.40 -0.65
Ratio 0.52 0.52 -0.49 0.38 0.58
PEFR 0.58 0.58 0.07 -0.81 0.08

Table 3 depicted the lung volumes of the study 
participants during pre- and post-organisation  
of awareness camps. The table also illustrates 
the overal l  pr inc ipal  lung volume index.  
During the pre-organization of the camps,  
the principal lung volume index ranged from 0.36 
in the village no 3 to 0.73 in the village no 2.  

The index also varied from 0.25 in village number 4 
to 0.73 in village no 1.

Regression Statistics Analysis 
The air quality index of the villages improved 
significantly (p<0.05) after the people were educated 
regarding the role of air quality and its relationship 
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Table 3: Effects of awareness programmes on lung volumes in rural settings of Solan district of HP

Village FVC  FEV1  Ratio  PEFR             Principal Lung
No.                     Volume Index

 Pre Post Pre Post Pre Post Pre Post Pre Post
 -camp -camp -camp -camp -camp -camp -camp -camp -camp -camp

1 70.50 76.00 77.50 87.00 111.00 114.00 39.50 48.50 0.64 0.73
2 102.00 120.00 101.00 87.50 100.00 73.50 45.00 37.50 0.73 0.58
3 82.00 84.00 51.00 58.50 61.50 69.00 26.00 27.00 0.36 0.41
4 107.00 81.00 107.00 42.00 100.00 52.00 34.00 17.00 0.68 0.25
5 79.50 106.00 61.50 65.00 77.00 62.00 34.50 39.00 0.48 0.49
6 78.50 91.50 68.00 76.50 87.00 81.00 29.50 31.00 0.49 0.52
7 67.33 102.67 70.00 73.17 101.67 76.00 35.83 31.00 0.57 0.50
8 66.33 104.67 67.67 87.67 103.00 83.33 29.33 35.00 0.53 0.59
9 59.00 75.00 63.00 72.00 107.00 97.00 28.00 27.00 0.51 0.51
10 75.50 114.50 87.00 59.50 116.50 45.00 34.50 40.50 0.66 0.44
Mean  78.77   95.53   75.37  70.88  96.47  75.28  33.61  33.35  0.56  0.50
± Std Dev ±15.29 ±16.21 ± 17.88 ± 14.93 ±  16.70 ±  20.40 ± 5.73 ±  8.77 ±0.11 ±  0.12

with human health. The AQI had dropped by 26.8 
units after the six months of interventions taken 
up by village administrative bodies as trained. The 

improvement in air quality through education and 
amelioration of indoor air quality by introducing 
pollution-abating plants has also been reported.17, 20
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The increase in the knowledge of rural people was 
noticed to improve the AQI. Significant improvement 
of AQI by about 45.32 units may be attributed to 
increased literacy of the rural people with respect 
to air quality and its management. AQI improved 
by 61.55 units with the adoption of practices like 
enhancing air circulation in the housing settings and 
growing pollution-abating plants on the premises and 
indoors as well as outdoors. Although there was no 
significant effect observed in the lung health index 
in relation to the changes observed in the AQI, there 
was a per unit increase in the lung health index with 
0.0005 units improvement in Air Quality and lung 
health index by 0.06 with the per unit of training 
organised. A positive correlation (r = 0.31) was 
inferred between the organization of the awareness 
camps and AQI improvement. A positive correlation, 
although mild, has also been observed similarly 
between the improvement in the knowledge base 
and air quality (r = 0.25). Lung health improvement 
showed a positive correlation (r = 0.17) with the 
improved AQI and the awareness created (r = 0.25). 
The results are in line with the findings which have 
also advocated a positive relationship between the 
awareness level of the community about air quality 
and its impact on human health.21,22 Further, they 
have also indicated the positive influence of air 
quality improvement on human health. Similarly, 
another study also demonstrated the positive 

effect of air quality improvement on lung health 
maintenance.23 The importance of creating literacy 
among people on air quality maintenance and 
environmental amelioration in the management of 
tuberculosis has also been highlighted by the World 
Health Organization.24 The need for environmental 
parameter assessment had been similarly studied 
by Sharama and Dikshit in 2012.25

Conclusion
Exposure to PM10, SO2 or NO2 in the long term in 
indoor and outdoor environments is associated with 
increased odds of tuberculosis. It is evident that 
better air quality at both indoor and outdoor levels 
may ease the burden of this disease. Maintaining 
air quality through capacity building of tuberculosis 
patients on various management options proved 
effective in improving ambient and indoor air quality 
in rural settings vis a vis tuberculosis patient’s 
health in the Solan district of HP. In rural areas, the 
introduction of pollution-abating plants indoors and 
outdoors along with the improvement of ventilation in 
housing settings improved the air quality index and 
overall respiratory health of the tubercular patients. 
The enhanced knowledge of the patients regarding 
the significance of air quality in tuberculosis 
management especially in rural settings of mountain 
regions may help in the sustainable management 
of the disease and will contribute to achieving the 

Fig. 2: Relationship of awareness programmes, change in knowledge, practices 
and lung health index with air quality index
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sustainable development goal four at the global 
level. Therefore. findings need to be replicated in 
other parts to eliminate the TB disease by putting 
more efforts on enhancing the knowledge base  
of the rural people.
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