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Abstract

This study presents an assessment of exposure to air pollutants in a hospital
environment using several air quality indicators commonly associated with
indoor and outdoor emission sources including carbon monoxide (CO), carbon
dioxide (CO,), fine particulate matter (PM,s), and total volatile organic
compounds (TVOC). The distribution and variation of indoor concentrations of
CO, CO,, PM,s and TVOC were examined in ten working areas of three
hospitals randomly selected in an urban and rural setting. Indoor concentrations
were then statistically correlated with outdoor sources. The results showed
higher levels of CO; (690 + 65 ppm) and TVOC (0.30 + 0.10 ppm) indoors (p <
0.05) compared to outdoors (471 + 85 ppm and 0.10 = 0.07 ppm, respectively).
A high correlation (r = 0.69) was recorded between indoor and outdoor PM, s
levels suggesting that indoor environments are directly affected by
outdoor levels. At most sampling sites, outdoor PM»s and CO concentrations
(p < 0.05) were higher than indoor levels. While the PM, s indoor/outdoor (1/0)
ratio was less than 1 indicating a cleaner indoor environment and minimal indoor
PM, s sources, indoor levels exceeded outdoor concentrations during a dust
storm and reached a 2.6 fold higher than the WHO standard. Higher PM, s and
CO levels were recorded in urban hospitals (PM,s = 81 = 12 pug/m® and CO =
4.62 + 0.71 ppm) compared to rural (PMas = 27 £ 6.5 pg/m* and CO = 1.22 +
0.43 ppm) suggesting the contribution of construction activities and vehicular
emissions to urban levels of PM,s and CO in hospitals. Although affected by
outdoor levels, most indoor PM» s and CO concentrations in both urban and rural
setting remained below standards.
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1 Introduction

Most air pollutants are encountered in the troposphere as a result of
photochemical reactions, biomass burning, vehicle and industrial emissions that
could be of natural or anthropogenic sources [1]. These pollutants are classified
as primary (emitted directly into the atmosphere including mineral dust, and
gaseous precursors such as SO,, NOx and NHj3) or secondary pollutants (formed
through chemical reactions). Other pollutants featuring CO, elemental and
organic carbon result from automotive, industrial sources and incomplete
combustion [2]. Once in the atmosphere, pollutants are subject to dispersion,
condensation, coagulation, physicochemical transformations, thus forming
secondary pollutants [1, 2]. In addition to their significant impacts on regional
and global climate change, pollutants are associated with adverse health and
environmental impacts [3—5]. Since people spend most of their times indoors the
effect of indoor air quality (IAQ) on health is invariably more pronounced than
outdoor air with IAQ in certain sensitive environments such as hospitals being
more critical to its occupants negating the purpose of the visit if IAQ deteriorates
[5, 6]. Several studies have explored the relation between hospital admissions
and atmospheric concentration of fine particulate matter and trace gaseous
species [7, 8], and have examined the impacts of haze on hospital admissions [9,
10]. On a normal day in Lebanon, between 40 and 60 patients are received at the
outpatient department (OPD) of urban hospitals, 30% (between 12 and 18) of
which are admitted to the appropriate specialty at the inpatient department (IPD)
depending on the presenting symptoms. It is also noteworthy that hospital OPD
and IPD admissions increase by about 20% during dust storm events where high
levels of fine particulate matter and gaseous species are experienced [9, 10].
Hospitals act as specific indoor environments with highly vulnerable individuals
potentially exposed to various air pollutants exacerbating health risks [11].
Therefore, this study targets the assessment of IAQ determinants in hospitals
located in congested urban areas and pristine rural areas with emphasis on
indoor-outdoor correlations and associated potential exposure.

2 Materials and methods

2.1 Hospital selection

Three hospitals (referred to as hospital A, B and C in the rest of this paper) in
Lebanon were randomly selected from urban and rural areas, and 2 to 6 sampling
sites within each hospital were chosen for [AQ monitoring during the months of
March and April 2013, and November 2014. A total of ten working areas of the
three hospitals were sampled and included clinics, clinic waiting areas, lobbies,
reception, staff offices, corridors, pediatrics patient rooms, emergency rooms
(ER), basement workshops, and meeting rooms. One to two outdoor site of each
hospital were selected to represent fresh air intake.
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2.2 Air quality monitoring

Indoor and outdoor levels of carbon monoxide (CO), carbon dioxide (COx), fine
particulate matter (PM,s), and total volatile organic compounds (TVOC) were
monitored during working hours (9:00 am—5:00 pm) at the hospitals. A Langan
L76n air quality analyser was used to measure real time CO and CO;
concentrations (ppm), temperature (°C) and relative humidity (%). Two
DustTrak™ II Aerosol Monitor (Model 8532, TSI Corporation, Shoreview,
USA) equipped with a light-scattering laser photometer to measure real-time
concentrations was used for monitoring outdoor and indoor PM, 5 concentrations
simultaneously. A real-time PhoCheck Tiger PID instrument (Ion Science Ltd,
The Way, Fowlmere, UK) was used to monitor TVOC levels (ppm).

2.3 Statistical analysis

The concentration variation of air pollutants were analysed by one-way analysis
of variance (one-way ANOVA) for different sampling sites. Pearson product-
moment correlation coefficient (PCC) (r) was also used as a measure of linear
correlation to analyse the relation between indoor levels and outdoor pollutants.
Statistical significance was set at p < 0.05.

3 Results and discussion

3.1 TAQ in different working areas

Recorded levels of CO, CO,, PM»s and TVOC were significantly different
(p < 0.05) in different working areas. The average concentrations of indoor CO
were 3.24 +0.23, 1.08 + 0.06, 1.58 £ 0.04, 2.62 = 0.19, 1.55 £ 0.05, 1.39 + 0.07,
1.65 + 0.04, 1.90 £ 0.28, 2.13 + 0.10, and 1.82 £ 0.14 ppm in the clinic, clinic
waiting area, lobby, reception, staff office, corridor, pediatrics patient room,
emergency room (ER), basement workshop, and meeting room respectively
(Table 1). At all sampling sites average indoor levels of CO (p < 0.05) were
lower than the NAQQS standards (i.e. 9 ppm for 8 hours and 35 ppm for 1 hour).
At most sampling sites, outdoor CO concentrations (p < 0.05) were higher than
indoor levels (Table 2) and also below standards indicating that although urban
hospitals are exposed to CO sources such as vehicular emissions, both indoor
and outdoor levels remained within acceptable limits. Furthermore, at higher
elevation (5" and 8" floor) CO exposure becomes minimal [12].

Indoor CO, concentrations were higher than outdoor levels (Tables 1 and 2)
due to human metabolism and breathing in indoor closed environments but
remained below the 1000 ppm limit ranging from 371 + 19.7 ppm to 690 + 65.2
ppm (Table 1). When CO; levels exceed 1000 ppm in indoor environments, it is
advisable to enhance air exchange / ventilation rates [12, 13].

Indoor PM, 5 concentrations were significantly different among sampling sites
(p < 0.05). Critical indoor environments such as pediatrics patient room (12.8 +
1.01pg/m®) and emergency room (24.0 + 4.18 pg/m?) exhibited relatively low
levels within the WHO standard (25 pg/m?®). However, at clinic, reception and
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Table 1:  Concentrations of indoor pollutants at sampled working areas.
Mean + Std.

ID Working area CO (ppm) COz (ppm) PMas (ug/m’) TVOC (ppm)

1 Clinic 324+023 690+652 90.1 £13.6% NR®

2 Clinic waiting area 1.05+£0.06 571 +38.1 22.9+1.90 0.08 +0.07

3 Lobby 1.58+0.04 447 +8.47 23.7+4.70 NR

4 Reception 2.62+0.19 604+29.8 80.8 £15.7¢ NR

5  Staff office 1.55+0.05 526+21.4 993+1.86 NR

6  Corridor 1.39+0.07 406+19.9 152+1.04 0.30+£0.10

7  Pediatrics room 1.65+0.04 497+17.6 12.8+1.01 NR

8  Emergency room (ER) 1.90+0.28 371+19.7 24.0 £4.18 NR

9  Basement workshop 2.13+£0.10 483 +10.8 11.8 £1.30 NR

10 Meeting room 1.82+£0.14 550+ 12.5 34.1+1.15 0.15+0.11
p — Value © <0.05 <0.05 <0.05 <0.05

"High levels were reported during sampling in April 2013 due to a Dust storm event. "No TVOC
levels were recorded. ‘One way ANOVA (95 % CI) for different working areas (statistical
significance was set at p < 0.05).

Table 2:  Concentrations of outdoor pollutants at fresh air intake sites.

Mean =+ Std.
ID  Working area ® CO(ppm)  CO2 (ppm)  PMas(png/m*)  TVOC (ppm)
1 1%t floor entrance 4.62+1.25 471+84.7 81.1+12.2° NR ©
2 8™ Mechanical 1.08+0.16 387+8.36 71.7+6.63 0.05+0.02
3 11% Mechanical 1.93 £ 0.06 397+7.53 20.5+1.03 NR
4 1%t floor entrance 331+0.74 377+£224 77.5+12.8Y NR
5 8™ Mechanical 2.39+0.12 443 £7.66 46.8 +6.57 NR
6 8™ Mechanical 1.02+0.12 438 +£7.21 753 +8.78 0.10+0.07
7 11" Mechanical 2.35+0.44 418 +£47.8 68.4+6.86 NR
8 ER main entrance 1.22+£0.43 288+ 4.66 26.7+6.46 NR
9 8™ Mechanical 1.28+0.05 341+8.15 46.5+4.18 NR
10 11 Mechanical 1.08+0.13 505+134 398=+1.49 0.05+0.01
p— Value ¢ <0.05 <0.05 <0.05 <0.05

*Outdoor sampling sites were conducted simultaneously with indoor measurements and were chosen
to represent fresh air intake into the indoor working areas. "High levels were reported during
sampling in April 2013 due to a Dust storm event. “No TVOC levels were recorded. ‘One way
ANOVA (95 % CI) for different working areas (statistical significance was set at p < 0.05).

meeting rooms, levels exceeded the WHO standard by reaching 90.1 + 13.6,
80.8 + 15.7, and 34.1 £ 1.15 pg/m’, respectively (Table 1). These levels may be
attributed to human activities in meeting rooms and a dust storm event that took
place during sampling at the clinic and reception at an urban hospital (B).
Figure 1 shows the backward air trajectory of the sampling day that was
conducted at the clinic and reception, revealing a dust storm from the Arabian
Desert in Saudi Arabia. High levels of PM, s are carried with dust storms and can
affect indoor PM; s levels [14]. The outdoor PM; s concentrations during the dust
event (p < 0.05) have also exceeded the WHO standard reaching 81.1 + 12.2
and 77.5 £ 12.8 ug/m? at the outdoor site (1% floor entrance) of the clinic and
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reception working areas, respectively (Table 2). The high levels of outdoor PM 5
may be attributed to the proximity of the sampling sites to on-road vehicular
emissions and to dusty weather experienced during sampling.

In a similar behavior to CO,, higher TVOC levels (0.30 £ 0.10 ppm) were
recorded indoors (p < 0.05) than outdoors (0.10 £ 0.07 ppm). TVOCs were
recorded in clinic waiting area, corridor and meeting room which are exposed to
frequent floor-cleaning and air refreshers that are sources of TVOC [12].

NOAA HYSPLIT MODEL
Backward trajectory ending at 0000 UTC 01 Apr 13
GDAS Meteorological Data

Source * at 33.90N 3550 E

Meters AGL

100 deee——u — -
18 12 06 00

This is not a NOAA product. It was produced by a web user.
Job ID: 38760 Job Start: Thu Apr 18 07:26:08 UTC 2013
Source 1 Iat 33.9 lon.:35.5 height: 100 m AGL
Tra ectory Direction: Backward  Duration: 24 hrs

ertical Motion Calculation Method: Model Vemcal Velocity
Meteorology 0000Z 01 Apr 2013 - GDAS1

Figure 1: HYSPLIT model with backward air trajectory of dust storm
originating from the Arabian Desert in Saudi Arabia during
sampling at clinic and reception working areas of Hospital B.

3.2 Indoor—outdoor correlations

Table 3 presents the average indoor and outdoor concentration ratios for CO,
CO,, PM; 5 and TVOC in various working areas. Few areas exhibited CO ratios
>1 (corridor: 1.36, ER 1.56, basement workshop: 1.66, meeting room: 1.69).
Combustion is a major contributor of CO in indoor environments [15, 16] and
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few combustion sources were observed indoors at the basement workshop
working area contributing to CO I/O ratio > 1. Lower-floor units tend to have
higher levels of CO since outdoor air can be a major source of indoor CO [16]
which is particularly true in urban congested areas where traffic emissions
contribute to higher CO levels.

Table 3:  1/O ratios of air pollutants.

Working areas VO ratio
CO CO2 PM2s TVOC

Clinic 0.70 146 1.11 NR®
Clinic waiting area 097 148 0.32 1.6
Lobby 0.82 1.13 1.16 NR
Reception 0.79 1.60 1.04 NR
Staff office 0.65 1.19 0.21 NR
Corridor 136 093 0.20 3

Pediatrics patient room 0.70 1.19  0.19 NR

Emergency room (ER) 1.56 1.29 0.90 NR

Basement workshop 1.66 1.42 025 NR

Meeting room 1.69 1.09 0.86 3
*No TVOC levels were recorded.

In all working areas the CO, levels were < 1000 ppm, but indoor levels
exceeded outdoors, resulting CO, I/O ratios > 1 suggesting human metabolism
contributing to the higher indoor levels of CO, as compared to outdoors. These
levels can be improved by increased ventilation rates to prevent potential sick
building syndrome (SBS) reported at exposure levels > 1000 ppm [17, 18].

While PM, 5 I/O ratios were mostly < 1 indicating a relatively cleaner indoor
environment than outdoors and minimal indoor PM;s sources, indoor levels
exceeded outdoor concentrations during a dust storm and recorded I/O ratios of
1.11, 1.16, and 1.04 at the clinic, lobby and reception working areas,
respectively. High levels of PM, s are mostly accompanied with human activities
and dust storms that can alter indoor PM; s levels [14]. A high correlation (r =
0.69) was recorded between indoor and outdoor PM, s levels suggesting that
indoor environments are directly affected by outdoor activities (Figure 2).
Table 4 shows the Pearson correlation factor (7) between indoor PM; 5 levels and
outdoor levels of some working areas. Other areas (staff office, corridor,
pediatrics patient room, ER, basement workshop and meeting room) with central
air conditioning systems exhibited PM, s I/O ratios < 1 consistent with previous
studies [19, 20] that reported lower levels of particulate matter in buildings with
central air conditioning systems equipped with filtration units.

Recorded TVOC 1/O ratios were > 1 at the clinic waiting area, corridor and
meeting room probably due to the usage of frequent floor-cleaning chemicals
and air refreshers that are sources of TVOC [12]. Although TVOC I/O ratios
were > 1, measured concentrations indoors and outdoors are below threshold
levels.
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Figure 2:  Indoor and outdoor PM, s correlation at clinic working area.

Table 4:  Pearson linear correlation (r) of indoor—outdoor PM2.5 at selected
working areas.

Outdoor?
1%t floor 8™ floor 8" floor  ER main 8™ floor
Indoor entrance mechanical mechanical entrance mechanical
Reception 0.46
Staff office - 0.39
Corridor - - 0.69

ER - - - 0.38
Basement workshop — - - _
*Sampling took place at outdoor locations simultaneously with indoor working areas.

0.23

3.3 Urban versus rural

Higher PM,s and CO levels were recorded in urban hospitals (PM,s = 81 +
12 pg/m?® and CO = 4.62 £ 0.71 ppm) compared to a hospital in a rural area
(PM25 =27 £ 6.5 ug/m* and CO = 1.22 + 0.43 ppm). The levels of outdoor PM, s
in urban hospitals (A and B) exceeded that of rural hospital C by 1.7 on regular
sampling days and 2 folds during a dusty weather (Figure 3). The indoor levels
of PM, s were also higher than the WHO standard in one hospital (B) during a
dust storm. Although affected by outdoor levels, most indoor PM,s and CO
concentrations in urban and rural hospitals were below standards (Figure 3).

The high PM,s and CO levels in urban setting suggest the contribution of
dusty weather, construction activities and vehicular emission. PM,s and CO
measurements at the rural hospital (C) indicate a relatively cleaner outdoor and
indoor environment reflecting the pristine nature of an area surrounded by
greenery which acts as a sink for most air pollutants [21].
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Figure 3:  Outdoor and indoor levels at urban and rural hospitals (A, B and C):

4

(a) PM, s (ug/m?) and (b) CO (ppm).

Conclusion

Assessing exposure to air pollutants in facilities with high vulnerability (such as
hospitals) is imperative for health protection. The results of this study show that:

Higher levels of CO; (690 £ 65 ppm) and TVOC (0.30 + 0.10 ppm) indoors
(p <0.05) compared to outdoors (471 + 85 ppm and 0.10 £ 0.07 ppm).
While PM, 5 indoor/outdoor (I/O) ratios was mostly < 1 indicating a cleaner
indoor environment and minimal indoor PM;s sources, indoor levels
exceeded outdoor concentrations during a dust storm and reached a 2.6 fold
higher than the WHO standard.

A high correlation (» = 0.69) was recorded between indoor and outdoor
PM; s levels suggesting that indoor environments are directly affected by
outdoor levels.

Higher PM»s and CO levels were recorded in urban hospitals (PM,s =
81 + 12 ng/m? and CO = 4.62 £ 0.71 ppm) compared to rural (PMys = 27 £
6.5 ug/m® and CO = 1.22 £ 0.43 ppm) suggesting the contribution of dusty
weather, construction activities and vehicular emission to urban levels of
PM, s and CO in hospitals.

Future work will explore how different ventilation types, management of

human activities and potential sources of indoor pollutants can improve indoor
air quality and develop measures for improved control and protection of patients,
employees, and visitors alike and alleviate potential health impacts for a most
vulnerable segment of a community.
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