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Abstract

Background: Good ventilation is one of the structural designs used to reduce the risk of transmission of
airborne infections in hospitals. This is, however, rarely observed in Nigeria as hospital designs used to
shut out the inclement weather in temperate countries are copied without much modification. This study
assessed the physico-chemical air quality at different areas of the University of Port Harcourt Teaching
Hospital, Port Harcourt, to ascertain the level of pollutants in the ambient air.

Methods: The study was carried out in July, 2015, in randomly selected inpatient wards, outpatient clinics
and clinical laboratories of the hospital, using the appropriate measuring equipment. The study tested for
the presence of particulate matter 2.5 (PM, ), volatile organic compounds (VOCs) and nitrogen dioxide (NO,)
in the ambient air; as well as the prevailing micrometeorological indices of relative humidity, temperature,
wind direction and speed of the study sites.

Results: A total of 36 air quality measurements were carried out in nine study sites in the hospital. The assessed
pollutants were present in the ambient air of most of the study sites but were within the regulatory limits. The
concentration of NO, in the study sites ranged from 133 yg/m’ in the immunisation clinic to 151 ug/m? in the
gynaecology ward, with a mean concentration of 141 ug/m?; while PM, . was not detected in the gynaecology
and urology wards and present in very low levels in the other study sites. There was, however, greater variability
in the levels of VOCs, ranging from 236.57 mg/m?® in the HIV clinic to 530.77 mg/m?® in the male surgical ward.
Conclusion: The levels of the assessed pollutants were within regulatory levels, even as there were evidence
of poor ventilation in several of the study sites.
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INTRODUCTION

Communicable diseases are still the most prevalent
diseases in Nigeria, despite the increasing prevalence
of non-communicable diseases.! These patients with

Access this article online

Quick Response Code:

Website:

www.phmj.org

DOI:
10.4103/0795-3038.204717

communicable diseases prefer to seek treatment in
orthodox hospitals, thus aggregating the various causative
agents of their diseases in one place, placing other patients,
visitors to the hospital and healthcare workers at risk. The
risk of infection in a hospital is further increased by the

This is an open access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and
build upon the work non-commercially, as long as the author is credited and the new creations
are licensed under the identical terms.

For reprints contact: reprints@medknow.com

How to cite this article: Emuren K, Ordinioha B. Physico-chemical
assessment of indoor air quality of a tertiary hospital in South—South Nigeria.
Port Harcourt Med J 2017;11:21-5.

© 2017 Port Harcourt Medical Journal | Published by Wolters Kluwer - Medknow | Volume 11 | Issue 1 | January-April 2017 | 21-25 21



8L+AWAOANDMMNEeAAIAVO/FONEIDVIASALLIAIPOOAEIEAHIOI/ADAU

MV TXOMADYOINXFOHISABZIYTA -+ NIOITWNOTIZTACY HIRSHA QUG AQ [wyd/woo mm| sfeulnoly:diy woyy pspeojumoq

¥202/€2/60 uo

Emuren and Ordinioha: Physico-chemical assessment of indoor air quality of a tertiary hospital

increasing number of patients with immune depression,
as a result of HIV/AIDS, and other immune-suppressing
diseases such as cancer and diabetes.”

Good ventilation is one of the structural designs used
to reduce the risk of transmission of airborne infections
in hospitals.” Studies have shown that ventilation rates
lower than two air changes per hour (ACH) are associated
with higher tuberculin skin test conversion rates among
health workers;* because a higher ventilation rate can
provide a higher dilution capability and consequently
reduce the risk of aitborne infections.” Lower ventilation
rates have also been associated with outbreaks of sick
hospital syndrome, causing headaches, fatigue, eye and
skin irritations and other symptoms.® These explain why
the WHO recommends the use of natural ventilation to
achieve a minimum of 80 1/s/patient (houtly average
ventilation rate) for airborne precaution rooms such as
theatres and a minimum of 60 1/s/patient for general
wards and outpatient departments, to reduce the risk of
airborne infections in the hospital, especially for hospitals
in developing countries.’

This is, however, not the case in many hospitals in
Nigeria as hospital designs used to shut out the inclement
weather in temperate countries are copied without much
modification and without adequate provisions to constantly
power the mechanical ventilation mechanisms required
to achieve the required number of ACH.” W, therefore,
suspect that several hospitals in Nigeria, especially the newly
constructed tertiary hospitals, have poorly ventilated wards,
clinics and laboratories and are therefore putting the health
of patients, hospital visitors and health workers at risk.
To test this hypothesis, we assessed the physico-chemical
air quality of the laboratories, wards and clinics of a
tertiary hospital in Port Harcourt, before and after the
peak working period. It is hoped that the results of this
study would help highlight the risk of poor ventilation in
hospitals, enough to elicit corrective actions.

METHODS

Study site

The study was carried out in the University of Port
Harcourt Teaching Hospital, one of the two multi-speciality
tertiary healthcare institutions in Port Harcourt, the capital
of Rivers State, South—South Nigeria. Although located
in Port Harcourt, the catchment area of the hospital
extends beyond Rivers State, to include much of the
Niger Delta region; a catchment population that can be
conservatively put at 10 million people. The hospital is an
800-bed multi-specialist teaching hospital located in a large
expanse of land, but housed in interconnected multi-storey
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buildings that occupy a small percentage of the total land
space, and ventilated by both natural and mechanical
ventilation. The hospital offers not only tertiary healthcare
services but also secondary and primary health care, due
to the near collapse of the other facilities in the State and
region. It is heavily patronised with average bed occupancy
of more than 78% and a daily average outpatient attendance
of 624. It carries out an average of 8.42 surgical operations
every day and handles an average of 9.24 deliveries each day.

A descriptive cross-sectional study design was used. The
physico-chemical air quality of randomly selected inpatient
wards, outpatient clinics and clinical laboratories of the
hospital was assessed using the appropriate measuring
equipment. The hospital has 23 inpatient wards, 17
outpatient clinics and 4 clinical laboratories; of these, only
those who attend to a minimum of 30 patients in each
service day were considered for the study. Subsequently,
four outpatient clinics (immunisation clinic, HIV clinic,
surgery outpatient clinic and antenatal clinic), three
wards (gynaecological ward, male surgical ward and urology
ward) and two laboratories (medical microbiology and
anatomical pathology) were randomly selected for the study.

The study was carried out in July, 2015, the peak of the
rainy season in the study area. The assessment of the
physico-chemical air quality of the study sites was carried
out in situ, through the measurement of particulate matter
2.5 (PM, ), volatile organic compounds (VOCs) and
nitrogen dioxide (NO,) in the ambient air, as well as the
assessment of the prevailing micro meteorological indices
of relative humidity, temperature, wind direction and speed
in the study sites. An Aeroqual environmental gas monitor
equipped with the infrared sensor was used to measure
VOCs and NO,; an Aerocet 531 particle mass monitor
,5 while an Extech portable
weather station was used to collect the meteorological
data. Measurements with the various instruments were
carried out by first warming up the instrument, for about
3 min, to burn off any contaminant on the sensor of the
instrument; and then holding the sensor at the height of
1.5 m, in the prevailing wind direction, to take the required
measurement.

was used to measure PM

The assessments were carried out in situ, twice a day,
between 9 and 11 am, at the peak of clinical activities, and
later in the day, between 4 and 6 pm, at the end of the peak
working period. A total of three weekly assessments were
carried out in each of the study sites.

The data collected during the study were recorded on a
field notebook, inputted into a database, after checking
for consistency and completeness; and then analysed.
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Summary measures were calculated for each outcome of
interest, while the test of significance was conducted using
the relevant statistical test, at 95% confidence interval,
with P < 0.05 considered statistically significant. The mean
ambientlevels of the assessed air pollutants were compared
with the relevant WHO guideline values,® to ascertain
if they met the regulatory standard; while the health
implications of the mean ambient levels were assessed by
comparing with the relevant toxicological studies.® The
guideline value of PM,, was taken as 25 ug/m’/day, while
that for NO, was taken as 200 pug/m?’ for 1 h mean.

Ethical consideration

The approval to conduct the study was sought and obtained
from the Ethical Review Committee of the University of
Port Harcourt, Port Harcourt; while informed consent
was sought and obtained from the management of the
University of Port Harcourt Teaching Hospital and the
heads of all the study sites.

RESULTS

A total of 36 air quality measurements were carried out
in nine study sites in the hospital. There was a detectable
level of the assessed pollutants in the ambient air of most
of the study sites although the levels were all within the
regulatory limits. The mean concentrations of the air
pollutants are presented in Table 1. The concentration
of NO, in the study sites ranged from 133 ug/m?’ in the
immunisation clinic to 151 pg/m?’ in the gynaecology watd,
with a mean concentration of 141 ng/m’. PM, . was not
detected in the gynaecology and urology wards and was
detected in very low levels of between 0.01 and 0.03 g/
m’ in the other study sites.

There is no statistically significant difference in the
concentration of the pollutants in the different study
sites. The mean concentration of NO, in the clinics was
137.50 pg/m?, which is comparable to 145.10 pg/m’
recorded in the laboratories and 143.33 pg/m’ recorded
in the wards (P = 0.95). There is wide variability in
the concentration of VOCs in the study sites, even as
there is no statistically significant difference in the mean
concentration of VOCs in the clinic (423.71 mg/m”’) when
compared to 487.70 mg/m’ recorded in the laboratories
and 497.22 mg/m’ recorded in the wards (P = 0.70).

The mean concentrations of the pollutants during and
after the peak working time are presented in Table 2. There
were no significant differences in the concentrations of
the pollutants during and after the peak working time.
The mean concentration of NO, in the clinics during
the peak working time was 133.33 pg/m’, which is not
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significantly different from 140.10 ug/m’ recorded after
the clinic hours. The mean concentration of PM_; in the
laboratories during the peak working time was 12.32 pg/
m’, which is not significantly different from 19.53 ug/m’
recorded after the peak working period.

The meteorological data of the study sites are presented
in Table 3. There were significant differences in the
temperature, relative humidity and wind speeds of the study
sites. The mean temperature of the study sites was 27.8°C,
ranging from 27.03°C in the HIV clinic to 28.15°C in the
antenatal care (ANC) clinic; however, the mean temperature
of the laboratories (28.11°C) is higher than 27.69°C in
the clinics and 27.85°C in the wards (P = 0.00). The mean
relative humidity in the laboratories (84.03%) is also higher.
The wind speed in the anatomical pathology laboratory
and in the ANC is the lowest at 0.07 m/s, compared to
the mean value of 0.13 m/s, and the highest of 0.27 m/s
recorded in the urology clinic. Wind speed was generally
higher in the inpatient wards (0.16 m/s).

DISCUSSION

The study showed comparable levels of NO, and PM,,
in all the study sites, wide variability in the levels of VOCs
and significantly differences in the meteorological data of
the study sites, which are all comparable to the findings of

Table 1: The mean concentrations of the air pollutants in the
study sites

Pollutant Clinics Laboratories Wards P

NO, (ug/m?) 137.50 145.10 143.33 0.95
PM, ; (ug/m3) 6.67 2.51 3.33 0.75
VOC (mg/m3) 423.71 487.70 497.22 0.70

VOC: Volatile organic compound, PM: Particulate matter,
NO,: Nitrogen dioxide

Table 2: The mean concentrations of the pollutants during
and after the peak working time

Pollutant Clinics Laboratories Wards
NO, (ug/m?)
Morning 133 147 144.67
Evening 140 148.50 134.33
PM, ; (ug/m?)
Morning 10.5 12.08 5.33
Evening 9.25 19.53 5.01
VOC (mg/m?3)
Morning 445.18 466.55 451.14
Evening 402.25 508.82 543.33

VOC: Volatile organic compound, PM: Particulate matter,
NO,: Nitrogen dioxide

Table 3: The meteorological data of the study sites

Pollutant Clinics Labs Wards Mean P

Temperature (°C) 27.69 28.11 27.85 27.83 0.00
Relative humidity (%) 83.99 84.03 82.57 83.52 0.02
Wind speed (m/s) 0.13 0.10 0.16 0.13 0.08
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other studies.” The levels of NO,and PM, , recorded in our
study are comparable to those recorded in other hospitals.’
The pollutants are often not produced by clinical activities,
as shown by the comparable levels we recorded in all the
study sites, during and after the peak working time. The
pollutants are principally generated from the burning of
hydrocarbons, mainly from sources outside the hospital.
The levels of the pollutants in hospitals are, however,
related to the outdoor air quality. Outdoor air quality at city
centres is often worse than in the suburbs.”'” The study
hospital is located more than 10 km from the city centre
and some distance from the highway, which can explain
the low levels of the pollutants recorded in the hospital.

The mean concentration of the pollutants in the study
hospital is lower than the WHO regulatory levels,®
which means they pose little hazard to health. However,
some studies suggest that NO, can cause respiratory
symptoms in children, at levels significantly lower than
the WHO guideline value, especially in the presence
of other pollutants such as PM, ..* This means that the
levels of NO, recorded in the study hospital could affect
the lung function of children and trigger off bronchitic
symptoms in asthmatic children.®

The presence of PM, _ in the ambient air of the hospital
is also not without any adverse health effect, especially as
studies have established a link between the level of PM
in the ambient air and the mortality and morbidity from
pre-existing diabetes, respiratory and cardiac diseases.'"!?
The risks of these pollutants to children, even at the levels
recorded in our study, indicate the need to install propetly
maintained filters in paediatric wards and clinics of the
hospital, especially where mechanical ventilation is used."

Wide variations in the level of VOCs were, however,
recorded in the study sites, which indicate a possible
endogenic source, unlike NO, and PM, ."* VOCs are a
wide range of organic compounds with low boiling points
such that they exist in gaseous form at room temperature.
They often accumulate in the indoor environment and
are commonly generated in the hospital in the course of
cleaning, disinfection, clinical and laboratory activities.
More than 40 different types of VOCs were found in a
teaching hospital in France, with the majority of them
alcohol, ketones and ethers that were released in the course
of carrying out different activities in the hospital."” These
explain the higher levels of VOCs recorded in our study in
the inpatient wards and the laboratories, where therapeutic,
cleaning and disinfection agents are used in greater quantity,
and where there are more procedures likely to aerosolise
the VOCs. These are consistent with the findings of a
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similar study carried out in Taiwan." The presence of
significant levels of VOCs calls for action as VOCs have
been associated with many adverse health effects including
subjective symptoms, eye and nose irritation, allergy,
liver and kidney dysfunction, neurological impairment
and cancer.'*"” Toxicological studies suggest that some
of the VOCs such as benzene, xylenes, chloroform and
formaldehyde can be carcinogenic.'>!”

There are significant differences in the meteorological data
recorded in the different study sites. This indicates possible
differences in the level of ventilation of the study sites
and confirms our study hypothesis of poortly ventilated
clinics, inpatient wards and laboratories that put the health
of patients and health workers at risk. The antenatal clinic
had the lowest wind speed but also had the highest mean
ambient temperature. This means that the clinic did not
have enough ventilation to provide thermal comfort to
the hundreds of pregnant women who attended the clinic,
resulting in increased ambient temperature. It also confirms
the inadequacy of the mechanical air conditioning used
in the clinic, a situation that is very common in hospitals
in resource poor countries' that prompted the WHO to
recommend the use of natural ventilation.”

The wind speed was also very low in the anatomical
pathology laboratory, which also explains the high mean
ambient temperature of 28.11°C recorded in the laboratory.
These also indicate that the laboratory was poorly
ventilated. While the poor ventilation in the antenatal clinic
pre-disposes the patients and health workers in the clinic
mainly to airborne infections, the situation in the anatomical
pathology laboratory, in addition, puts the health workers
in the laboratory to dangerous levels of chemicals such as
latex allergens and formaldehyde that are routinely used in
the laboratory. Several of the chemicals have been shown
to cause the sick hospital syndrome;® while latex allergens
dispersed by latex gloves have been shown to trigger
asthmatic attack in sensitive health workers."

The health hazard was posed by poor ventilation calls for
the proper maintenance of the mechanical ventilation
system of the study hospital, to ensure that it continues
to effectively serve its purpose. This would involve the
establishment of an Indoor Air Quality Management
Programme to not only ensure the proper maintenance
of the mechanical ventilation system but also coordinate
all activities required to achieve the recommended level of
air quality in all areas of the hospital."” This programme
should be headed by an engineer in the works department
of the hospital, with useful inputs from the environmental
health department.
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CONCLUSION

The levels of the assessed pollutants are within regulatory
levels, even as there are evidence of poor ventilation
in several of the study sites. An Indoor Air Quality
Management Programme is recommended to coordinate
all activities required to achieve the recommended level of
air quality in all parts of the hospital.

Financial support and sponsorship
Nil

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Murray C, Lopez A. The Global Burden of Disease: A Comprehensive
Assessment of Mortality and Disability from Disease, Injuries and
Risk Factors in 1990 and Projected to 2020. Boston, MA: Harvard
University Press, 1996.

2. World Health Organization. Current and Future Long-term Needs.
Geneva: World Health Organization, 2002.

3. Adams J, Bartem |, Chartier Y, editors. Essential Environmental Health
Standards in Health Care. Geneva: World Health Organization, 2008.

4. Menzies D, Fanning A, Yuan L, FitzGerald JM. Hospital ventilation
and risk for tuberculous infection in Canadian health care workers.
Canadian Collaborative Group in Nosocomial Transmission of TB.
Ann Intern Med 2000;133:779-89.

5. Atkinson ], Chartier Y, Pessoa-Silva CL, Jensen P, Li Y, Seto WH.
Natural ventilation for infection control in health-care settings. Geneva:
World Health Organization, 2009.

6. Brandt-Rauf PW, Andrews LR, Schwarz-Miller ]. Sick-hospital
syndrome. ] Occup Med 1991;33:737-9.

7. Ordinioha B, Sawyer W. The environmental health condition of the

Port Harcourt Medical Journal | Volume 11 | Issue 1 | January-April 2017

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

new University of Port Harcourt Teaching Hospital. Niger Health |
2012;11:117-9.

World Health Organization. WHO Air Quality Guidelines for
Particulate Matter, Ozone, Nitrogen Dioxide and Sulfur Dioxide:
Global Update 2005, Summary of Risk Assessment. Geneva: World
Health Organization, 2006.

El-Sharkawy MF, Noweir ME. Indoor air quality levels in a university
hospital in the eastern province of Saudi Arabia. ] Family Community
Med 2014;21:39-47.

ASHRAE, ANSI/ASHRAE Standard 62-2001. Ventilation for
Acceptable Indoor Air Quality. Atlanta: American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc., 2001.

Gouveia N, Fletcher T. Time series analysis of air pollution and
mortality: Effects by cause, age and socioeconomic status. ] Epidemiol
Community Health 2000;54:750-5.

World Health Organization. Air Quality Guidelines for Europe. 2 ed.
WHO Regional Publications, European Series No. 91. Copenhagen:
World Health Organization, 2000.

Leung M, Chan AH. Control and management of hospital indoor air
quality. Med Sci Monit 2006;12:SR17-23.

Jung C, Wu P, Su H. Indoor air quality varies with ventilation types
and working areas in hospitals. Build Environ 2015;85:190-5.
Bessonneau V, Mosqueron L, Berrubé A, Mukensturm G,
Buffet-Bataillon S, Gangneux JP, e a/. VOC contamination in hospital,
from stationary sampling of a large panel of compounds, in view
of healthcare workers and patients exposure assessment. PLoS One
2013;8:¢55535.

Takigawa T, Horike T, Ohashi Y, Kataoka H, Wang DH, Kira S.
Were volatile organic compounds the inducing factors for subjective
symptoms of employees working in newly constructed hospitals?
Environ Toxicol 2004;19:280-90.

US EPA. An Introduction to Indoor Air Quality: Volatile Organic
Compounds (VOCs). Washington, DC: US Environmental Protection
Agency; 2012b. Available from: http://www.epa.gov/iag/voc.html.
[Last accessed on 2015 Jun 07].

Yousef BA, Elshareef AA, Ibraheem MA, Alsayed SS. Assessment of
Indoor air quality in medical facilities in Sudan. Int ] Sci Technol Res
2013;2:92-5.

Reddy S. Latex allergy. Am Fam Physician 1998;57:93-102.

25



