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Abstract

The study assessed indoor air quality, cell features of Enugu prison and lifestyle characteristics of inmates to ascertain
their possible contributions to the prevalence of some respiratory diseases and symptoms among the inmates. The prison
cells recorded poor indoor air quality. Cells with 4 windows had highest concentration of the indoor air pollutants
[formaldehyde (0.20£0.07 mg/m3), total volatile organic compounds (0.79+0.37 mg/m3), and particulate matter, PM;
(71.03+41.09 pg/m3), PM25 (89.00+49.66 pg/m3) and PMjo (107.40+61.86 pg/ms3)], as well as highest incidence of the
symptoms/infections [cough (62.5%), wheeze (37.5%), chest pain (41.7%), pneumonia (25.0%) and bronchitis (33.3%)]
than the cells with < 4 windows and > 4 windows. All smokers had symptoms of respiratory tract infections. Cell features
and lifestyle characteristics were contributing factors in the air pollution and the prevalence of some respiratory tract
diseases/symptoms. The findings can be useful in non-medical intervention towards proper management of the inmates’

respiratory health.
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Introduction

Rumchev, et al. reported that the World Health
Organization (WHO) ranked indoor air quality as the
eighth most important risk factors contributing to the
global burden of disease and responsible for 2.7% of the
global burden of disease [1]. Poor indoor air quality is
implicated in many diseases and is recognized as a
significant risk factor for respiratory health, especially in
lower income countries and vulnerable population
including prison inmates. Prison inmates spend
substantial proportion of their time indoors and may
become exposed to elevated levels of air pollutants.
Multiple factors which may be described as macro- and
micro-environmental determinants influence level of
exposure to indoor air pollution. While housing
characteristics are considered as micro-environmental
determinants, demographic and socioeconomic factors
constitute macro-environmental determinants [2].
Housing characteristics that may contribute to indoor air
pollutants include structural features, fomites and
occupants’ activities such as tobacco smoking, snuffing,
and cooking. Smoking is considered as one of the most
common indoor air pollutants which expose non-smokers
to second-hand smoke.

Particulate matter (PM) is a complex mixture of
extremely small particles and liquid droplets in which
primary particles are emitted directly into the
atmosphere such as diesel soot, while secondary particles
are created through physicochemical transformation of
gases such as nitrate and sulfate formation from gaseous
nitric acid and sulfur dioxide, respectively. PM can be
divided into coarse (10-2.5 um; PMjio-25), fine (<2.5 pm;
PM;;5), and ultrafine (<0.1 pm; PMy1) particles [3]. Of
particular interest are PM;sand PMy1 because they are
the PMs that ultimately enter the lungs, although the
chemical components from bigger PM could also be
deposited in the alveolar cavities and penetrate into
circulation [4]. PMs of aerodynamics diameter 10 pm and
less, cause serious damage to tracheo-alveolar structure,
often leading to hypoxia and metabolic defects.

Volatile organic compounds (VOCs) comprise of a wide
spectrum of chemical compounds that may pose public
health challenges. Assessment of health effects of
individual volatile organic compounds is not always
feasible because of the complexity of chemical compounds
that are involved. Consequently, the sum of the
concentrations of the individual compounds referred to as
total volatile organic compounds (TOVCs) is used as an
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indicator for the concentration of VOCs. Anthropogenic
activities such as tobacco smoking, cooking, burning of
organic materials and use of personal care products
contribute to indoor VOCs concentration.

Over the last two decades, indoor air quality (IAQ) has
caused increasing concern due to the adverse effects that
it may have on human health. Most inmates in the prisons
spend up to 90% of their time in an indoor environment
because of security reasons. Several effects on the
respiratory system have been associated with exposure to
indoor air pollution (IAP). These include acute and
chronic alterations in pulmonary function, more incidence
and prevalence of respiratory symptoms, exacerbation of
pre-existing respiratory symptoms, and sensitization of
the airways to allergens present in the indoor
environment. The overcrowded prison cells create
smaller indoor-air mixing volumes that allow infectious
diseases to spread more easily from one person to the
next. Despite the growing body of literature addressing
the wide range of health impacts associated with poor
indoor air quality, there is no study to our knowledge that
investigated the health impact of indoor air quality and
housing features on respiratory health of prison inmates
in Nigerian prisons.

Materials and Methods

Study Population

One hundred and twenty one (121) inmates of Enugu
prison consisting of 109 males, 11 females and 1
unspecified sex participated in the study. Protocol for the
study was as previously reported [5].

Data Collection

Data collection involved two stages. In stage one a
standardized health and life style survey was conducted
through face-to-face interviews between researchers and
inmates according to the method of the American
Thoracic Society with some questions modified to reflect
the local lifestyle and settings of the prison environment.
Questions were structured to include demographic data,
life style characteristics, and symptoms (recurrent cough,
chest pain, wheeze, and breathlessness) associated with
respiratory diseases, experienced in the last six months.
Stage two involved indoor air quality monitoring of the
prison cells.

Indoor Air Quality Assessment of the Prison
Cells
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A quantitative assessment of indoor concentrations of
particulate matters (PMi; PM;s, PMig), total volatile
organic compounds (TOVCs) and formaldehyde (HCHO)
was made. Measurements were conducted in the cells for
approximately 8 hrs according to the method as reported
by Otuu, et al. with slight modifications [6]. The
monitoring equipment was positioned at about 1 m above
the ground. An air quality and pollution monitor (EGVOC-
180, was used for monitoring of fine particles (PM;, PM;s,
PMjo), total volatile organic compounds (TOVCs) and
formaldehyde (HCHO). The monitor was calibrated
following manufacturer’s instructions prior to
measurements.

Statistical Analysis

Statistical analysis was performed using the IBM SPSS
Version 21.0 for windows (IBM SPSS Statistics for
Windows, Version 21.0 IBM Corp. Armonk, NY, USA). The
critical level of significance of 5% for all statistical tests
(two-tailed) was used in this study. Since the study
focused on respiratory symptoms for the inmates, binary
variables (0 = had no symptoms, 1 = had symptoms) were
used in the assessment of respiratory disease symptoms
(a runny nose and coughs, wheeze, shortness of breath,
asthma, chest pain, and bronchitis).

Independent/exposure variables, including
demographic factors, life style characteristics, cell
environment conditions (number of windows) and indoor
air pollution variables were recorded into binary or
categorical variables with more than two levels.

Descriptive statistics were generated for the outcome
and independent variables. Bivariate analyses, including
cross-tabulations and chi-squares tests, were performed
for assessing unadjusted associations between the
independent/exposure  variables and respiratory
symptoms as outcome variables. The study was cross-
sectional with common occurred health outcomes, we
therefore considered a multivariable Poisson regression
(MPR) analysis with robust variance estimation as ideal to
examine the adjusted association (1) between respiratory
symptoms and life style characteristics, and cell
environment conditions, controlling for confounders
(demographic factors and smoking), and (2) between
respiratory symptoms and indoor air pollution as
depicted by PM1, PM;5, PM19, TOVCs and HCHO controlling
for here to fore mentioned confounders. The
multivariable modelling was carried out at two stages,
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namely a complete and reduced modelling. In the
complete modelling, all variables describing life style
characteristics, and cell environment conditions were
included. In the supplementary reduced modelling, only
those variables found to be significantly associated with
the health outcomes in the univariate analysis with p < 0.1
were included. Backward elimination approach was
applied to get the parsimonious final model. Crude and
adjusted prevalence ratios and their 95% confidence
interval (CI) are reported. Crude prevalence ratio (CPR) is
reported when associations are significant but not
adjusted for confounders. Only variables still significantly
associated (p < 0.05 or p < 0.1) with inmates’ respiratory
symptoms after controlling for confounders in the final
model are reported as adjusted prevalence ratios (APR).

In addition, the association between cell
characteristics, life style and indoor air quality was
examined. Independent t-test or one-way ANOVA were
used to investigate the difference between cells.
Multivariable linear regression (MLR) analysis with a
backward elimination approach was conducted to
examine the effect of life style characteristics, and cell
environment conditions on indoor air pollution
concentrations.

Results

The study population was dominated by male (90.1%)
and their ages ranged between 18 and 8lyrs
(35.01+14.09). Cells with 4 windows had highest
concentration of the parameters: HCHO (0.20+0.07
mg/m3), TVOC (0.79+£0.37 mg/m3), PM; (71.03+41.09
pg/ms3), PMs (89.00£49.66 pg/m3) and PMy
(107.40+61.86 pg/m3) (Table 1). Least concentrations
were recorded in cells with < 4 windows: HCHO
(0.10+£0.05 mg/m3), TVOC (0.30%£0.25 mg/m3), PM;
(27.42+4.58 png/m3), PMy;5 (37.56+6.98 pg/m3) and PMyo
(40.86%9.7 ng/m3). Comparison of the concentrations
between cells with different number of windows revealed
significant differences (p < 0.001 for each) for all the
parameters. A post-hoc test revealed the significant
difference to have existed between each pair wise
comparison in the parameters except between cells with >
4 windows and 4 windows for the concentration of PM.
The L cells recorded the highest number of inmates with
symptoms of respiratory infections (90.0%) followed by
N ward (83.3%), H ward (66.7%), G ward (58.3%) and P
cells (56.5%).

Copyright© Otuu FC, et al.

Implications on the Prevalence of Some Respiratory Tract Diseases and Symptoms
among Inmates of Enugu Prison, Nigeria. Adv Clin Toxicol 2019, 4(3): 000163.



Advances in Clinical Toxicology

HCHO mg/m3 TVOC mg/m3 PM1pg/m3 PM; 5 nug/m3 PMopg/m3
> 4 windows 0.13+0.07 0.50+0.28 56.95+37.46 65.60£33.30 79.97+49.22
4 windows 0.20+0.07 0.79+0.37 71.03+41.09 89.00+49.66 107.40+61.86
<4 windows 0.10+0.05 0.30+0.25 27.42+4.58 37.56+6.98 40.86%9.70
Kruskal-Wallis H 48.428 49.915 66.871 44.155 56.677
p-value <0.001 <0.001 <0.001 <0.001 <0.001

Inferential Statistics Used: Kruskal Wallis H Test; Post Hoc Test: Mann-Whitney Test with Bonferroni’s Correction.
Table 1: Prison cell features and air quality profile.

Inmates in cells with 4 windows were associated with

highest proportion of symptoms/infections: cough
(62.5%), wheeze (37.5%), chest pain (41.7%), pneumonia
(25.0%) and bronchitis (33.3%) (Table 2). Cough (39.4%)

was the least reported in cell with > 4 windows, while

wheeze (16.7%), chest pain (25.0%) and pneumonia
(4.2%) were least reported in cells with <4 windows
(Table 2). All smokers (100%) had symptoms of
respiratory tract infections (Table 3).

Cell N Cough Wheeze Chest pain Pneumonia Bronchitis
> 4 windows 71 28(39.4) 16(22.2) 27(37.5) 8(11.1) 9(12.5)
4 windows 24 15(62.5) 9(37.5) 10(41.7) 6(25.0) 8(33.3)
<4 windows 24 10(41.7) 4(16.7) 6(25.0) 1(4.2) 3(12.5)
Statistic 3.963+ S 1.667+ 4.519* 5.325*
p-value 0.138 0.201 0.434 0.109 0.066
Inferential Statistics Used: Chi-Square Test for Homogeneity of Proportion (+); Fishers Exact Test (*)
Table 2: Cell Features and Respiratory Health of the Inmates.
Respiratory Tract Infection Fishers Exact RR
Smoking No Yes Total p-value 95% C.I
No 54(49.1) 56(50.9) 110 0.001 1.96
Yes 0(0.0) 11(100.0) 11 1.63-2.36

Table 3: Respiratory Tract Infection and Lifestyle Characteristics (Tobacco Smoking).

Mean HCHO

Mean TVOC

1A: HCHO concentration (mg/m?3) across the cells. 1B: Concentration of TVOCs across the cells.
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N

Mean PM1

Mean PM2E

x 2

2A: PM; concentration (pg/m3) across the cells. 2B:PM; 5 concentration (p1g/m3) across the cells.

Bhean PRI
] [

2C: PM;o concentration in (ug/m3) across the cells.
Figures 1 & 2: Air Quality Profile of the prison cells

The concentration of HCHO ranged between 0.00+0.00
mg/m3 in H ward and 0.33+0.01 mg/m3 in L2 cell (Figure
1a) while the TVOC concentration ranged between
0.00£0.00 mg/m3 in cell CC3 to 1.51+0.03 mg/m?3 in cell
L2. Other cells with relatively high concentration of
TVOCs were M1A (0.96+0.3 mg/m3), M1B (0.92+0.07
mg/m3), CC2 (0.91+0.02 mg/m3,), P3 (0.84+0.02 mg/m3)
and P2 (0.77£0.05 mg/m3), (Figure 1b). The PM;
concentration ranged between 156.11+0.78 pg/m3 in G
ward and 23.00£1.73 pg/m3 in F1 cell (Figure 2) while the
PM,5 concentration was recorded highest in MI1C
(170.14+22.66 pg/m3), followed by G ward
(126.89+16.40 pg/m3), H ward (103.44+5.05 pg/m3) and
L2 (103.00+7.16 pg/m3) (figure 1d) Cells with least
concentration were M1B (25.13+7.43 pg/m3) and F2
(28.22+2.95 pg/m3). The PMyo concentration was highest
in M1C (215.86+2.3 pg/m3), followed by G ward
(201.56+18.02 pg/m3), cells L2 (118.83+11.39 pg/m3), H
ward (115.22+3.19 pg/m3), L1 (109.14£2.12 pg/m3) and
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P2 (108.14+1.68 pg/m3). The least concentration was
recorded in cell F2 (27.67+6.75 pg/m3) (figure 1d).

Discussion

In this study we quantitatively assessed the indoor
concentrations of particulate matters (PM; PMs, and
PMi), total volatile organic compounds (TOVCs) and
formaldehyde (HCHO) by direct reading instrumentation
method using hand held Air Quality Detector (EGVOC-
180). We collected information on health status and life
style using a modified standardized questionnaire
according to the methods in American Thoracic Society
and logistic regression was used to relate [IAQ to
respiratory health among the inmates. Differences in the
number of windows were used to assess cell features and
cells were classified as 4 window cells, <4 widow cells
and > 4 window cells.
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Most of the cells recorded poor indoor air quality,
especially with respect to particulate matters where the
values exceeded the WHO regulatory standard values (25
pg/ms3 for PMys and 50 pg/m3 for PMyy). L2 cell recorded
the highest values of HCHO and TOVCs (0.33+0.01 mg/m3
and 1.51+0.03 mg/m3 respectively) and was associated
with the more incidences of respiratory disease
symptoms. This could be explained from the fact that the
cell was highly congested with some inmates staying at
the corridors. Demography and indoor anthropogenic
activities affect indoor air quality [7]. The study of Lee, et
al. implicated indoor sources as principle environmental
factors affecting VOCs and HCHO levels at the elderly care
centers in Korea [8]. In our study the cells (L2, M1A, and
CC2) that recorded higher values of HCHO and TVOCs
have contrasting features. While L2 and M1A have 4 and 6
windows respectively, and were fairly overcrowded, CC2
has only one (1) window, a female cell housing few
inmates at the time of the study. The overcrowding in
cells L2 and M1A could explain the high values recorded
in them while the lack of cross ventilation could be the
reason for the case of CC2. Overcrowding and inadequate
ventilation enhance smaller indoor mixing volumes,
allowing re-suspension of particulate matters, low
dissipation of volatile organic compounds, more inter
molecular collision of micro particles and formation of
secondary compounds as well as increasing the spread of
infectious diseases more easily from one person to the
next.

The cells (G ward and M1C) recorded the highest
concentrations of all classes of particulate matter than the
other cells, followed by N and H wards. These were
classified as > 4 window cells in our study and they were
also overcrowded at the time of the study. Overcrowding
and lifestyle characteristics seemed to be more
responsible for the poor indoor quality than the cell
features in our study. The cells with relatively more
pollution parameters were also associated with more
prevalence of the respiratory tract infection symptoms,
implicating indoor air quality in the disease prevalence.

Health effects of indoor air pollutants have been
addressed in several studies but only a few studies have
investigated such effects with respect to environmental
tobacco smoke (ETS) and structural features in the
prisons, especially in the developing countries, including
Nigeria [9-12]. Our findings demonstrated that in wards
or cells where most inmates admitted that they smoke
regularly concentrations of PM;s and other pollutants
were high. Although for some logistical reasons we were
unable to carry out full 24 h monitoring, the
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concentrations recorded often exceeded the WHO 24h
mean upper guidance limit of 25 pg/m3 (WHO, 2009).
Concentrations of pollutants in male cells where smoking
was considered a relaxation therapy were particularly
high. Since ETS contains several thousand toxins and
many carcinogens, the hazards associated with this
exposure are likely to be significant [13]. Smoking in
prisons is therefore a significant lifestyle characteristic
with potential to cause harm to the health of smokers and
non-smokers in the Enugu prison. One of the most
important types of indoor pollution is from tobacco
smoke, which contributes to levels of respirable particles,
nicotine, polycyclic aromatic hydrocarbons, carbon
monoxide, acrolein, nitrogen dioxide, N-
nitrosodimethylamine, acetone, and benzene [14]. It is
possible that the inhalation of cigarette smoke may injure
the bronchial epithelium possibly by expanding the
narrow junctions between epithelial cells, resulting in
enhanced bronchial epithelial permeability. This could
lead to increased penetration of antigen through the
epithelial layer and the sensation of irritations that may
present in different symptoms including cough and
wheeze. Passive tobacco smoke is one of the most
important types of exposure related to indoor air
pollution and in Enugu prison cells where free tobacco
abound, the health of non smoking inmates is endangered.

The finding in the present study linking the prevalence
of tobacco smoking among the inmates to the prevalence
of symptoms of respiratory diseases is in accordance with
an earlier study of acute symptoms in nurses exposed to
ETS and with several studies on ETS and chronic
respiratory symptoms in adults [10,15-18]. For the
inmates who spend more time in these cells than in
outdoor environments, exposure to 5Sthese air pollutants
could cause adverse health effects on their pulmonary and
respiratory systems. Bentayeb, et al. showed that chronic
exposure to low-level indoor air pollutants, including CO,
NOz, PMyi, PMiy and HCHO, affected the increasing
incidence of respiratory and cardiovascular diseases in
the elderly population permanently living in nursing
homes in seven European countries [19]. Tunsaringkarn,
et al. also found that among the elderly in Bangkok,
Thailand, indoor levels of HCHO and VOCs were
significantly associated with the increase of cancer risks
and respiratory disease symptoms [20]. The study of Lee,
et al. implicated indoor sources as principle
environmental factors affecting VOCs and HCHO levels at
the elderly care centers in Korea. These reports are in
agreement with our present study [8].
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Conclusion and Recommendations

This study affirms that the risk of respiratory diseases
among the Enugu prison inmates is significantly
associated with exposure to low-levels of indoor air
pollution, primarily generated from mainly the
demographic and lifestyle characteristics but least from
cell features. There is a dire need for more studies on
indoor pollution and health of the inmates, and especially
in the elderly inmates who are more at health risk due to
other confounding geriatric complications. Future studies
should address both short-term and long-term health
effects related to indoor air pollutants. Identification of
other cell features and life style characteristics within the
prison environment that may exacerbate the
susceptibility of the inmates to the adverse effects of air
pollutants will also be an important step to support
preventive measures. Few studies have evaluated the role
of indoor pollutants in determining the prognosis of pre-
existing diseases. Such studies may become an important
new area for research by those concerned with prisoners’
health and well fare, given the fact that inmates are more
often restricted to indoor environments with possible
high levels of exposure to indoor pollutants.

There is a strong need for more studies on indoor
pollutants and health in the prison, with focus on
improved exposure assessment, various types of short-
term and long-term health outcomes, and identification of
cell features and other lifestyle characteristics associated
with susceptibility to the adverse effects. Our findings
thus provide strong evidence that smoking in prisons in
Enugu is a source of high ETS exposure for both smoking
and non-smoking prisoners and therefore the need to
modify some existing policies, especially with regard to
tobacco smoking inside the cells.
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