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Abstract 

     An infant incubator in the neonatal intensive care unit (NICU) is a medical 

instrument of care that provides oxygen, warmth and moisture to a newborn baby. 

Due to environmental conditions affecting the infants foster babies may experience 

discomfort and pain at some point. Thus, this study aimed to assess ambient air quality 

in neonatal incubators to improve the environmental quality of neonatal intensive care 

units and safety. Air pollutants concentrations consisting of particulate matter (pm2.5, 

pm10), hydrocarbons (HOCH), volatile organic compounds (VOC), air quality index 

(AQI), humidity and temperature, were measured at four selected Baghdad hospitals 

(Al-Karkh and Rusafa) . The results showed that the increase in relative humidity 

(RH%) measured in all baby incubators and in all locations during the summer and 

winter seasons contributed to an increase in polluting gases emission inside the 

incubators, which was the highest measurement that gave significant difference for 

the incubator. 
The highest recorded measurement with significant difference for pm2.5 was 73.78 ± 

0.096 in site2 in winter, pm10  was 106.73 ± 0.05  in site1 in winter, HCHO was 0.148 

± 0.005 in site3 in winter, VOC was 673 ± 0.005mg/m3 in site2 in winter,  AQIwas 

177.25 ± 0.5 in site2 in  winter, RH% was 53.887 in the site3 during the winter and 

temperature was 32.25°C in site3 in summer. It can be concluded that there is a 

relationship between relative humidity and temperature that affectedthe gases 

concentrations as it showed variations in gases and particle matters concentrations 

which affected the air quality inside the neonatal incubatorsthat in turn affected the 

health of the neonates, especially increased severity of asthma attacks and low 

Intelligence quotient (IQ) in children in the future. 

 

Keywords: neonatal incubator, intensive care unit, air quality index, temperature and 

RH%. 
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دة لتحسين الجودة البيئية لوحدات العناية المركزة لحديثي الولادة وسلامة حديثي  في حاضنات الأطفال حديثي الولا
)الكرخ والرصافة(    الولادة.  بغداد  الهواء في أربعة مواقع مختارة من مستشفيات  ملوثات  قمنا بحساب تركيزات 

، المركبات    (HOCH( ، الهيدروكربونات )2.5pm  ،10pm لقياس ملوثات الهواء التي تتكون من الجسيمات ) 
الرطوبة ودرجة الحرارة. أظهرت النتائج أن الزيادة في  ،( AQI( ، مؤشر جودة الهواء ) VOCالعضوية المتطايرة ) 

٪( المقاسة في جميع حاضنات الأطفال وفي جميع المواقع خلال فصلي الصيف والشتاء  RHالرطوبة النسبية ) 
، وهو أعلى قياس يعطي فرقاً معنوياً بالنسبة للحاضنة.،    ساهمت في زيادة انبعاث الغازات الملوثة داخل الحاضنة 

كان    10pmفي الشتاء ،    2في الموقع    0.096±    73.78هو    2.5pmكان أعلى قياس يعطي فرقًا معنويًا لـ  
في الشتاء ،    3في الموقع    0.005±    0.148كان    HCHOفي الشتاء ،    1في الموقع    ±0.05    106.73

VOC  0.5±  177.25في الشتاء ، كان مؤشر جودة الهواء   2في الموقع  3م   \ مجم  0.005±  673كان  
خلال الشتاء وكانت درجة الحرارة    3في الموقع    53.887في الشتاء ، وكانت نسبة الرطوبة النسبية    2في الموقع  

ي تؤثر  في الصيف.في الختام ، كانت هناك علاقة بين الرطوبة النسبية ودرجة الحرارة الت 3في الموقع    32.25
على تراكيز الغازات ، حيث أظهرت اختلافات في تركيزات الغازات والجسيمات ، مما يؤثر على جودة الهواء  
داخل حاضنات الأطفال حديثي الولادة ، مما يؤثر بدوره على صحة الأطفال حديثي الولادة، وخاصة زيادة شدة  

 في المستقبل. نوبات الربو عند الولدان وانخفاض معدل الذكاء عند الأطفال 
1. Introduction 

     A biomedical equipment known as an infant incubator gives newborns the warmth, humidity 

and oxygen required in a regulated environment and provides special environment for high risk 

babies till they adapt themselves to standard nursery or home conditions [1]. Premature infants 

in neonatal intensive care units (NICUs) have underdeveloped immune systems, making them 

susceptible to adverse health consequences from air pollutants exposure [2]. Any agent that 

alters the natural properties of the atmosphere, be it a chemical, physical or biological one, 

constitutes air pollution [3]. Indoor air quality (IAQ) in neonatal wards may affect both the 

health of employees and the treatment of neonates [4]. The world health organization 

(WHO)refers to indoor air pollution as being the biggest environmental health risk that has been 

linked with many adverse maternal and neonatal outcomes. Indoor air quality (IAQ) is an 

indicator for assessing air quality by evaluating the concentrations of pollutants in the indoor 

environment that directly affect air quality like  NO2, HCHO, O3, CO, CO2, PM2.5 and volatile 

organic compoundsemitted from different sources such as paint, furniture, office equipment, 

trash, exhaled breath and/or sweating [5]. Numerous illnesses such as necrotizing enterocolitis 

(NEC), bronchopulmonary dysplasia (BPD) and late-onset newborn sepsis have been examined 

using fecal VOCs as biomarkers (LONS) [6]. Neurodevelopment results have shown that high 

PM2.5 exposure causes reduced head circumference and significantly effects the motor skill and 

social emotional development [7]. The exposure to PMs can lower the Intelligence quotient IQ 

of a child which is indicative of its capacity to cause fetal neuro-developmental delay [8]. 

PM2.5 has also been associated with reduced fetal growth and rapid postnatal growth as well as 

increased risk of pre-eclampsia. After a day with high particle levels, premature deaths from 

breathing these particles can happen immediately or one to two months later. Even low levels 

of particles can be deadly [9]. The humidity in the outdoor somehow influences the indoor [4]. 

Both high and low relative humidity (RH%) can be uncomfortable. Low air humidity in winters 

affects comfort and health, thus increasing respiratory problems [10]. In a study for indoor air 

of neonatal intensive care units were monitored in real time to detect deviations from target 

parameters quickly. Infants have very low thermal regulation and temperature regulation which 

is one of the most important factors which affect the preterm [11]. The feeble body is incapable 

of coping with the thermal loss. This necessitates placing the neonates body in a moist and 

heated environment. Hence, one of the most important factors that must be maintained with 

minimal variation is temperature [12]. 
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2. Materials and Methods 

2.1.The Field of Study 

     The field of study was performed at four pediatric hospitals in Baghdad, two each in AL-

Karkh and AL-Rusafa. The samples were collected in tow season summer (June and July (and 

winter (December and January (for each pediatric neonatal hospitalist intensive care unit 

(NICU).Wards of neonatal were measured in these pediatric hospitals. The first hospital in AL-

Karkhhas had three NICU wards and each ward had 8 incubators. The dimension of each ward 

was 6m * 8m * 3m with 144m3 volume and moderate ventilation conditions. The incubators in 

the first site of study were not at all in use. Some wards, however, had all incubators in use with 

infants and their relatives (mother, aunt and grandmother) septic and other incubators in two 

NICU rooms were not in use. The second site of study in AL Karkh had one NICU ward with 

dimensions of the NICU room being 8m * 16m* 3 m with 348m volume and moderate 

ventilation conditions. It had all 10 incubators in use but there were no relatives (mother, aunt 

and grandmother) aseptic by the nursing staff took care of neonates. 

 

     The first pediatric hospital in Al-Rusafa had four NICU wards with each having 8 incubators 

and the dimensions of each ward in the pediatric hospital came down to being 10m * 8m * 3m 

with 240m3 volume with moderate ventilation conditions. The readings for parameters used in 

this study (particulate matter (pm2.5, pm10), hydrocarbons (HOCH), volatile organic compounds 

(VOC), air quality index (AQI), humidity and temperature)were measured and recorded for all 

study sites. 

 

2.2.Air Samples Measurement Devices 

     Digital devices designed by Temtop in California and assembled in China were fixed at five 

points in each of the study sites.The values readings were replicated five times for each point 

and the concentrations gave readings in part per million units (ppm) and mg/m3. 

 

2.3.Statistical Analysis 

     The Statistical Package for the Social Sciences  SPSS version 25 (Armonk, NY: IBM Corp.) 

and GraphPad Prism version 8.0.0 (San Diego, California USA) were used to perform the 

statistical analysis. The parameters were given as percentage frequencies, and significant 

differences between frequencies were assessed by Pearson-Chi-square test or two-tailed Fisher 

exact probability (p). T-test and ANOVA probability were used to compare continuous 

variables (normally distributed) and to assess significant differences between means (Asterisk 

indicates significant differences p< 0.05). Moreover, the Pearson bivariate correlation was 

employed to understand the correlation between certain parameters. 

 

3. Results and Discussion 

3.1.  MeanLevels of Environmental Gases. 

     As shown in Table 1, the results of particulates matter PM2.5 that were measured in neonatal 

incubators in NICU reported the highest values in site2 in winters (73.78 ± 0.096) and the lowest 

value of 45.57 ± 24.9 was recorded in site4 in summer.The statistical analysis showed a 

significant relationship for all sites during the winter and summer seasons, as well as the it was 

significant for each site during the two seasons at level of probability p-value<0.01. 

 

 

 

Table 1: Mean levels of environmental markers stratified according to summer and winter 

among fourneonatal incubators site. 

Season                           Environmental markers mean ± Std. Deviation among incubators 
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Site 1               Site 2                    Site 3                 Site 4            p-value 

/ 2.5PM

ppm 

Winter 69.18 ± 0.096 73.78 ± 0.096 66.88 ± 0.05 65.83 ± 0.05 <0.01 

Summer 60.2 ± 0.22 60.38 ± 0.19 61.4 ± 0.6 45.57 ± 24.9 <0.01 

p-value < 0.01 < 0.01 < 0.01 < 0.01  

/ 10PM

ppm 

Winter 106.73 ± 0.05 100.43 ± 0.05 99.13 ± 0.05 
106.33 ± 

0.05 
<0.01 

Summer 93.1 ± 0.08 92.9 ± 1.0 94.03 ± 0.32 90.43 ± 0.29 <0.01 

p-value < 0.001 < 0.01 < 0.01 < 0.01  

HCHO 

mg/m3 

Winter 0.143± 0.005 0.105 ± 0.01 0.148 ± 0.005 
0.128 ± 

0.005 
<0.01 

Summer 0.038 ± 0.005 0.018 ± 0.01 0.025 ± 0.005 
0.043 ± 

0.046 
> 0.05 

p-value < 0.001 < 0.001 < 0.001 < 0.001  

TVOC 

mg/m3 

Winter 0.593 ± 0.005 0.673 ± 0.005 0.643 ± 0.005 
0.663 ± 

0.005 
<0.01 

Summer 0.04 ± 0.008 0.06 ± 0.006 0.043 ± 0.005 0.025 ± 0.01 <0.01 

p-value < 0.001 < 0.001 < 0.001 < 0.001  

AQI 

Winter 156.75 ± 0.5 177.25 ± 0.5 168.25 ± 0.5 155.25± 0.5 <0.01 

Summer 151.25 ± 0.96 167 ± 0.00 165.25 ± 0.96 
151.25 ± 

1,89 
<0.01 

p-value < 0.05 < 0.05 < 0.05 < 0.05  

 PM:  HCHO:   TVOC:    AQI:  ; p: ANOVA test and T-test probability. 

 

     The results of this study for PM2.5 concentrations in neonatal incubators agree with those 

of a study by Lomboy et al. which took place from October to December 2013 in an urban 

tertiary care hospital in the Philippines for the characterization of particulate matter 2.5 in 

NICU. The results were very significant at a level of p = 0.001 which were more than the 25 

gm-3 WHO recommended threshold. However, our results disagree with this study during 

March to April 2014 in which PM2.5 was recorded at 28.4 μgm-3. The reason for this increase 

in PM2.5 concentrations in our study results showed that indoor PM2.5 was mainly derived 

from outdoor sources[13.] 

 

     Particulate matter PM10 showed highest result with 106.73 ± 0.05 in site1 in winter, with 

the lowest result being 90.43 ± 0.29 in site4 in summer. The statistical analysis showed high 

significance in the first site at level of probability p-value<0.001 during summer and winter 

seasons, and significant relationship in the second, third and fourth sites during summer and 

winter seasons at level of probability p-value<0.01 for each site. Current study results conflicted 

with the results of the study by Dusan et al.[14] which showed that the time-averaged PM10 

mass concentrations were generally low, not exceeding 5 μg/m3 (mean ± standard deviation = 

2.9 ± 0.8 μg/m3). Their research attributed it to efficient particle filtration, effective building 

hygiene protocols and relatively low occupancy. The results of the current study for PM2.5 & 

PM10  agree with those of Chamseddine et al. [15] where their cited data revealed that the 

observed PM2.5 & PM10 concentrations were 2 to 3 times higher than the advised levels in a 

number of locations. These regions may have such high levels of PM2.5 & PM10 throughout 

the summer due to the high occupancy rate, human activity and occurrence of regional dust 

storms [16.] 

 

 

     Among the gases measured in the incubators, hydrocarbons (HCHO) showed high values 

with0.148 ± 0.005 in site3 in winter and the lowest values being 0.018 ± 0.01 in site 2 in 
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summer, and the statistical analysis showed significant relationship in all sites in winter at level 

of probability p-value<0.01 and significant relationship in all sites in summer at level of 

probability p-value< 0.05.According to this study, the high relative humidity contributed to an 

increase in hydrocarbons emission as Prazad et al. [13] mentioned that two non-target 

hydrocarbon compounds, 2-heptanone and n-butyl acetate were found when compared to 

ambient room air samples, the amounts inside the incubators were higher. The concentration of 

these chemicals was further raised by a rise in temperature with the addition of humidity. 

Formaldehyde (TVOC) is one of the gases that were measured in incubators in neonatal 

intensive care units which showed high values of (673 ± 0.005) in site2 in winter and the lowest 

values being(0.025 ± 0.01) in site4 in summer. The statistical analysis showed significant 

relationship in all sites in two season at level of probability p-value < 0.01 and showed 

highsignificance for each sites during the summer and winter seasons at level of probability p-

value< 0.001. As mentioned previously, the current study agreed with another research 

concerning the results of PM2.5 & PM10, also agreed with them in the result of TVOC in both 

warm and cold weathers tha interior TVOC concentrations were higher than outdoor 

concentrations, The main causes of these levels included the regular use of air fresheners and 

floor cleaners, which are known sources of TVOC [14] [15]. 

 

     For evaluating the concentrations of above pollutants in the incubator of NICU,Air Quality 

Index (IAQ) is an indicator that was used for assessing indoor air quality. The results of IAQ 

from Table 1 shows high value of 177.25 ± 0.5 in site2 in winter and the lowest value 

being151.25 ± 0.96 in site1 in summer and the statistical analysis show significant relationship 

for all sites in summer and winter at level of probability p-value<0.01and also show significant 

relationship for each sites in two season at level of probability p-value<0.05. Limiting and 

eliminating particles from the outer environment while also minimizing interior PM sources is 

the greatest way to improve indoor air quality [16], [17], [18]. For this purpose, central air 

conditioning and mechanical ventilation systems are properly constructed, maintainedwith 

enough filtration are useful [19], [20], [21] 

 

3.2. Measurement of Temperature and Humidity among NeonateIncubators. 

Figure 1 shows the relationship between relative humidity (RH%) and temperature that were 

measured in neonatal incubators at all sites and for summer and winter seasons is inverse, as 

when the RH% increases, the temperature decreases, so the relative humidity is inversely 

proportional to the temperature for the summer and winter seasons for all sites. The highest 

RH% level was 53.887 insite3 during the winter and the lowest level was 21.25 in the site 4 

during summer. The statistical analysis showed a high significance value of RH% at level p-

value< 0.001. 
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Figure 1: Mean of temperature and humidity among neonats’ incubators during winter (W) 

summer (S) season. P: one-way ANOVA test probability. 

 

     The highest level of temperature was 32.25°C in site3 in summer, while the lowest level was 

14.25°C in site3 in winter. The statistical analysis for temperature showed high significance 

value of temperature at level p-value< 0.001. The primary health effects of high humidity are 

caused by the growth and spread of biotic agents, although humidity interactions with non-

biotic pollutants, such as formaldehyde, may also cause adverse effects [22]. Humidity sensor 

should provide its level in the incubator in terms of relative humidity (%RH) in the range of 0-

100% RH [23]. Few investigations have shown that the bodyweight and insensible water loss 

are inversely proportional. If the humidity in the shell environment is not at a healthy level, it 

may have a harmful impact on the patient. Too little humidity can cause infants to evaporate 

moisture and heat, while too much humidity makes it more likely that bacteria and germs will 

be present. It is advantageous to regulate or at least keep track of humidity [24]. 

 

3.3. The Relationship of Temperature and Relative Humidity with PM2.5, PM10, HCHO, TVOC 

and AQI. 

 

      Figure 2 shows the results of positive relationship between the gases and relative humidity 

(RH%) for all sites during winter and summer seasons, as well as the positive relationship 

between humidity and gases for each site during the two seasons. From Figure 2A, the Pearson's 

correlation (rp) results of rp= 0.54 show a correlation between the increase of RH% with the 

increase of PM2.5, and the statistical analysis shows significant proportionality of RH% with 

the particles PM2.5 at a level of probability p-value< 0.01. Also, RH% showed positive 

relationship with the increase of PM10 and good correlation with it as represented in Pearson's 

correlation (rp) at rp=o.73, statistical analysis show highly significant proportionality of RH% 

with the particles PM10 at level of probability p-value< 0.001 as shown in Figure 2A for all sites 
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during winter and summer seasons, as well as for each site during the two seasons. The current 

study disagrees with the investigation conducted by Fromme et al. and . [24] and Bouwstra [25] 

in winter where they found a significant negative correlation between relative humidity and 

real-time monitoring PM2.5 concentration(r=-0.32, p<0.05). Our investigation however agrees 

with this study’s results in summer where they found significant positive correlation in summer 

(r=0.24,p<0.05). 

 

     While the increase of RH% is positively related to the increase in gas concentrations, there 

is a weak correlation between the increase of RH% and the increase of AQI as shown in 

rp=0.149 and the statistical analysis showed no significant proportionality of increase in RH% 

with increase of AQI at level of probability p=0.42, as shown in Figure 2B for all sites during 

winter and summer seasons, as well as for each site during the two seasons. 

 

     In contrast to the weak correlation of RH% with AQI, the increase of RH% had positive 

relationship with the increase of HCHO and TVOC gases as shown in Figure 2C. There is a 

strong correlation between the increase of RH% and increase of HCHO gas as shown in rp= 

0.76 and the statistical analysis showed highly significant proportionality of RH% with HCHO 

at level of probability p-value< 0.0001 for all sites during winter and summer seasons. 

Also, the increase of RH% had positive relationship with increase in TVOC gas as shown in 

Figure 2D that there is a strong correlation between the increase of RH% and TVOC gas as 

shown in rp=0.81 and the statistical analysis showed a highly significant proportionality of 

RH% with TVOC at level of probability p-value<0.0001 for all sites during winter and summer 

seasons. Many studies have mentioned that the emission profile of polar VOCs from building 

materials may alter markedly due to increase in  RH [25], [26], [27], [28]. 

 

 
Figure 2: Pearson correlation coefficient (rp) between the gases and RH%for all sites during 

the winter and summer seasons.Figure 2A is Pearson correlation coefficient between PM10 

&PM2.5 and RH%,2BPearson correlation coefficient between RH% and AQI, 2C is Pearson 

correlation coefficient between RH% and HCHO and2 D is Pearson correlation coefficient 

between RH% andTVOC. 
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     In contrast to RH%, the increase in temperature is inversely related to the increase in all 

gases as shown in Figure 3A. There is inverse proportion for Pearson correlation coefficient 

between PM10 & PM2.5 and temperature. Where the rp= -0.47 for temperature with PM2.5 and 

the statistical analysis shows inverse significant proportionality between the increase of 

temperature and increase of PM2.5  at p-value<0.01 and the same for PM10 with temperature are 

shown in Figure 3A. Three is inverse proportion for Pearson correlation coefficient between 

PM10 and temperature at rp= -0.54 and the statistical analysis shows inverse significant 

proportionality between the increase of temperature and increase of PM10 at p-value<0.001 for 

all sites during winter and summer seasons. Studies have also shown that there was no 

significant correlation between indoor temperature and indoor particle concentration [29]. 

These results are mainly due to the difference in geographical, climatic and architectural types 

of the measurements [30]. 

 

 
Figure 3: shows the Pearson correlation coefficient (r p) between the gases and temperature for 

all sites during the winter and summer seasons.Figure A is Pearson correlation coefficient 

between PM10 &PM2.5 and temperature, Pearson correlation coefficient between temperature 

and AQI, C is Pearson correlation coefficient between temperature and HCHO and D is Pearson 

correlation coefficient between temperature and TVOC. 

 

     While there is inverse correlation between the increase of temperature and gases 

concentrations, there is a weak inverse correlation between the increase of temperature and AQI 

as shown in rp= -0.26, and the statistical analysis shows no significant proportionality between 
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temperature and AQI at level of probability p=0.144 as shown in Figure 3B for all sites during 

winter and summer. The increase of temperature had inverse relationship with the increase of 

HCHO and TVOC gases as shown in Figure 3C that there is a strong inverse correlation 

between the increase of temperature and increase of HCHO gas as shown in rp= -0.78 and the 

statistical analysis shows highly inverse significance proportionality of temperature with 

HCHO at level of probability p-value< 0.0001 for all sites during winter and summer seasons. 

Also, the increase of temperature had inverse relationship with the increase of TVOC gas as 

shown in Figure 3D. There is a strong inverse correlation between the increase of temperature 

and increase of TVOC gas as shown in rp=-0.83 and the statistical analysis shows highly inverse 

significance proportionality of temperature with TVOC at level of probability p-value< 0.0001 

for all sites during winter and summer seasons.The hospital administration's efforts to lower the 

temperature and pay attention to the heating, ventilation, and air conditioning systems which 

are necessary to maintain good indoor air quality and is also an important non-pharmacological 

strategy in the prevention of hospital-acquired infections, may be the cause of the decrease in 

temperature and its inverse relationship with polluted gases [35],[36],[37]. The high percentage 

of polluted gases could be  due to the incinerators that hospitals use to dispose of waste, as well 

as from the electricity generators located near the hospital buildings, as well as due to the large 

emission of vehicles smoke, since these hospitals are inside the capital, Baghdad [38], [39] 

,[40], [41 .] 
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