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ARTICLE INFO Extended ABSTRACT
Article History: .EBACKGROUND AND OBIJECTIVES: Various studies confirm that indoor environmental
Received 2020/02/14 gquality (IEQ) evaluation plays an important role in health, wellbeing, and satisfaction,
Reviesed 2020/05/24 : especially in healthcare facilities. Moreover, these building types are among the major
Accepted 2021/06/28 i energy consumers. The variety of the users’ requests (patient, patient companion, and
Available Online  2021/05/31 §staff), physiological conditions, and mental sensitivities increase the importance of
i choosing the appropriate method of studying healthcare buildings. Previous studies have
Keywords: i suggested many methods for assessing indoor environmental quality. Recent research
Indoor Air Quality Control ‘has found IEQ to be largely influenced by thermal comfort, acoustic comfort, lighting
Thermal Comfort §comfort, and indoor air quality.Also, due to the differences in users’ perceptions of the
Lighting Comfort i limits set in the relevant standards and conditions in hospitals, questionnaires were used
Acoustical Quality i to compare the users’ satisfaction with standards and real situations. The main purpose of
Indoor Environment Quality (IEQ)  :thjs study is to evaluate the quality of the patient’s room indoor environment in order to

identify the most important indoor quality indices affecting user satisfaction and compare
i environmental conditions with existing standards such as American Society of Heating,
i Refrigerating and Air-Conditioning Engineers (Ashare) standard, world health organization
e e oo {(WHO), Iran standards, etc. in this field. In this regard, physical measurements data of
genvironmental parameters affecting the quality of the indoor environment in medical

E E icenters were collected. Then by comparing the results obtained from the users’
. i questionnaires and physical measurements with related standards and previous research,
' :E ithe most important factor influencing indoor environment quality in patient’s room is

identified. Finally, the relationship between the type of users who are separately affected
i by indoor conditions is expressed.

ETHODS: In the current study, based on the results of previously validated studies,

: the physical data and users’ satisfaction levels are measured via questionnaires to

i assess the hospitals’ indoor environment quality. Indoor environment quality evaluation

Q iis generally studied using the four main characteristics of thermal, lighting, acoustic, and

findoor air quality. Five hospitals in Tehran have been selected, and their IEQ has been

%evaluated. In this regard, 482 questionnaires were completed by the patients and their

§companions. In these questionnaires, four indices mentioned above, out of the total

{indices affecting indoor quality, were evaluated. At the same time, these indices have

v ibeen compared using environmental characteristics such as dry air temperature, relative

%humidity, lighting intensity, and sound level intensity, carbon dioxide concentration

i(C0O2), fine particulate matter smaller than 2.5 micrometers (PM 2.5) concentration by

i the researcher, simultaneously with the completion of the questionnaire by users under
i specific protocols.

Number of References

63

Number of Figures

INDINGS: Based on the results, the highest compliance with the standard was
Number of Tables {0 observed in indoor air quality (IAQ) and the lowest in sound quality according to the

6 %World Health Organization (WHO) standards. The results show that there is a significant
i correlation between the thermal and optical indices concerning indoor quality, which are
£0.59 and 0.42, respectively. However, the two indices of acoustic quality and IAQ, despite
i their high correlation with indoor quality (0.62 and 0.67, respectively), have an internal
i source. Comparing the frequency of case samples within the standard temperature range
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i (23-26°C) with other cases shows an 11% increase in user dissatisfaction due to non-
i compliance with this range.

ONCLUSION: Although the acoustic quality of most case samples is out of standard,
: &30 to 40% of users have reported usual satisfaction with the sound condition. Due
ito the excess of standard lighting intensity in most case samples, lighting quality has
i maintained the average level of user satisfaction at the highest level. Also, comparing the
results of the users’ satisfaction in the questionnaire with the standard range of the four
i indoor environmental quality indices stated 100% compliance with indoor air quality, 68%
i with thermal status, and 18% with lighting status. The results also showed that acoustic
i status had no significant relationship with standard range and user satisfaction conditions.
§Also, the dry air temperature factor in evaluating thermal quality is more effective than
§the relative humidity. Based on the data collected from the statistics, a statistical model
iis presented to identify the general users’ satisfaction with IEQ based on environmental
i parameters.

i HIGHLIGHTS:

i~ Noncompliance with the temperature and humidity standard range was not effected
users’ dissatisfaction with IEQ.

- Patients were +11, -12, -11, -6 and +13%, respectively, more sensitive than their
i companions to deviate from the standard range of temperature, humidity, acoustics,
§carbon dioxide concentration, and PM2.5 Concentration, which indicates the disease’s
impact on users’ perception of environmental variables.

i - Indoor air quality (IAQ) and sound quality are the most important factors affecting IEQ
i (with correlation coefficients of 0.67 and 0.62, respectively).
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Table 1. Measured IEQ parameters along with minimum standards for hospitals

Name of Hospitals Taleghani Shohadaye Tajrish ~ Shahid Modarres Imam Hosein Labbafi Nejad
Area (m?) 42000 37164 28560 52000 32650
Built / Renovation 1979 1961 & 1993 1975 1985 1981
Building Orientation Southwest - Southeast - Southwest - Eastern- Western Southeast-
Northeast Northwest Northeast Northwest
Number of Floors 7 3,6 5 9 4
Room Capacity 2,3,6 2,3,6 2,3,4,6 2,3,4 2,3,4,6
“l;i;‘g(‘:v(v\{,"vyR’;“ 18-57 30-70 30 - 80 30 - 60 20 - 40
Per Capita 93-5.6 112-2.75 9-5 9.15-5.5 11-75
Heating/Cooling Chiller/ Boiler Chiller/ Boiler/ Chiller/ Boiler Chiller/ Boiler Chiller/ Boiler

Evaporative Cooler
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Table 2. Details of questionnaire

General Information Scale
Type of Referral Surgery Duration of Presence in Space Nominal
User Type Cause of Hospitalization Number of Visits
Gender Age Duration of Hospitalization
IEQ Questionnaires Satisfaction Rate
Thermal Air Temperature / Dry Air / General Thermal Condition Completely Satisfied =7
Acoustical Annoying Sound / Audio Privacy / General Audio Status Very SaﬁSﬁed =6
Lighting Natural Light / Artificial Light / General Lighting Condition ?\?;Stfri;d::
1AQ Freshness of Air / Smell of Air / General Condition of Air Dissatisfied = 3
Overall - Very Dissatisfied =2
Explanation - Completely Dissatisfied = 1

Table 3. Measured IEQ parameters along with minimum standards for hospitals

Parameters Indicators Standard Range Standard/Research Instrument Place/Height Measurment
Protocol
Thermal Dry Bulb 24 -28 Iran Codes, 2004 Kestrel 5400  Center of the room ASHRAE
Envi t -
nvironmen Temperature 21-24 American Architects Hf:rat Sl:ress /90 Ll Oﬂcm from
(°C) Research Center, 2006 racker the floor
23-26 ASHRAE, 2004
24 -33 Adaptive Comfort, 2007
27-37 Nicole and Humphrey,
2002
Humidity Ratio 30 - 60 Iran Codes, 2004
(*0) 30-60 ASHRAE, 2004
Acoustical Sound Intensity <40 LEED v4 - Background TES -1352A  Center of the room ASHRAE
Environment noise of facilities / At least 90 cm
(Db) from the fl d
<60 LEED v4 - Background rom the Hoor an
. vertical surfaces
noise of external
<40 WHO, 1999
<30 Code 18,2014
<60 ASHRAE, 2007
Lighting Illuminous 100 - 150 Indian National TES -1352A Center of the room ASHRAE
Environment Intensity Regulations, 2005 /90- 110 cm from LEED v4
(lux) 100225 CIBSE, 1989 the floor
50 - 300 Code 13, 2008
Indoor Air Co2 Concentration <700 ASHRAE, 2007 77535 potable  Center of the room LEED v4
Quality (ppm) Co2 meter /90- 180 cm from
. . the floor
Volatile Organic <1 LEED v4 TES-5322 ASHRAE
Compound(mg/m3)
PM 2.5(ppm) <35 WHO, 1999
<20 LEED v4
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Table 4. Measured IEQ parameters along with minimum standards for hospitals

Zone Thermal Condition Frequency Physical Measurments
1 Cold & Dry 2.0% Hospitals
2 D 4.8%
3 5 O - A
0,
Hot & Dry 4.8% ° B 30
4 Cold 16.0%
eD
5 Comfort 46.5% o C
25
6 Hot 41.9% oF
7 Cold & Wet 0.0%
Zone 9 &
8 Wet 0.0% ﬁus‘ 3;9 20
9 Hot & Wet 0.0% -
= 15
=
L
E.
3
g
g
.E_%
Zone 1 48% é
0%
0
15 20 25 30 35
Dy Bulb Tempersturs (°C)
ASHRAE limit.max e ASHRAE limit.max
X e 120 Cotts - min 120 Cotis - max X/1.5 ASHRAE fimit min (Iran Codes —min)
- Patient satisfiction . Patient companion mié:(i:n
31 7
31 71 < 2 =
o 29 I ] 27 -
- > =
B’ = 5.84 [ o
5 % it - % = o] £ é s ® 3
g5 25 = L T 523 W R T & S
s, L& —3 i = Tt a 2
5 " . : . ) 2 21 l L LT\ 5 &
o 21 : - 5.48 . - s | % 19 s % l 1 ° g
.g 19 . ° 5.02 'Y ° < 17 _\ks 4 a 2
- 4.924 .“ . I asa
5 17 a7 a7 473 15 4
15 4| H * o L9 %
AVERAGE A B C D E ‘;\(&
(a) Hospitals | (b) Hospitals

Fig. 1. Dry bulb temperature (a) & Relative humidity (b) range in hospitals
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Equation 1. Statics equation for estimating user overall
satisfaction level of IEQ

Overall IEQ Satisfaction= (—0.146 * Ta + 8.838 +

0.53) + (—0.022 * Rh + 5.586 + 0.013) +

(—=0.035 Db + 6.6 + 0.017) + (—1.172E — 09 =

Lh® 4+ 3.074E — 06 = Lh? — 0.002 * Lh + 5.172 +

0.348) + (—0.002 * Co2 + 5.919 + 0.001) +

(0.001 * PM2.5% — 0.062 * PM2.5 + 5.936 + 0.423)
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Fig. 3. Horizontal lighting intensity & user satisfaction range in hospitals
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Fig. 4. Co2 & PM2.5 concentration by the side of user satisfaction range in hospitals

Table 5. Index of occupants’ satisfaction according to the statistical model introduced in Equation 1

Completely Dissatisfied Dissatisfied Semi-Dissatisfied Neutral

Semi- Satisfied Satisfied Completely Satisfied

0-6 7-12 13-18 19 - 24 25-30 31-36 37-42
Table 6. Comparison of IEQ parameters Weighting Scheme in related researches
Indoor Environment Quality Parameters

Research period 1AQ Lighting Quality Acoustical Quality Thermal Quality Researcher
One Year 0.209 0.164 0.203 0.208 Chiang & Lai, 2002
Seasonal 4.68 3.7 4.74 6.09 Wong et al., 2008
One Year 2.89 2.17 227 2.67 Yoon, 2008
Seasonal 0.118 0.171 0.224 0316 Cao et al., 2012
Seasonal 4.68 3.7 4.74 6.09 Catalina & lordache, 2012
One Year 0.15 0.146 0.16 0.189 Ncube & Riffat, 2012
Seasonal 0.2 0.29 0.39 0.12 Heinzerling et al., 2013
One Year 0.11 0.33 0.12 0.22 Nimlyat, 2016
Seasonal 0.45 0.18 0.39 035 Current Study
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2. ASHRAE

3. Daylight Factor

4. World Health Organization
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6. IEQ overall satisfaction

7. Dry Bulb temperature(C)

8. Relative Humidity

9. Sound level intensity(Dba)

10. Horizontal lighting intensity(lux)

11. Co2 concentration (PPM)

12. PM2.5 concentration (PPM)

13. Significance
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