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Abstract 

Background: The exposure of pregnant women to atmospheric pollutants is related to the period of early development of the fetus, low 

birth weight, preterm delivery and low placental weight which occurs due to oxidative stress and it may cause placental abnormalities. 
 

Objective: The present cross-sectional study was conducted to know the effects of air pollution on placental pathology by taking 373 

women volunteer participants with normal pregnancy from thickly populated, traffic-congested, industrial and remote rural areas of 

Odisha, India. 
 

Methods: We collected the pollution level of air pollutants of the three study areas during the period from 2015 to 2018 from the 

Odisha State Pollution Control Board (OSPCB) Bhubaneswar. The placental tissue was collected immediately after delivery. The effect 

of air pollutants on the placental pathology was analyzed by Histopathological studies done by using Hematoxylene and Eosin staining 

methods and photographed by florescent microscope. 
 

Results: The present study showed the level of pollution, percentage of exposure of pregnant mothers to ambient air pollution, preterm 
delivery, significant increase in preterm birth in heavy traffic congestion areas (Cuttack zone) and industrial areas (Jajpur zone) in 

comparison to rural non-industrial areas (Nilagiri zone). The histopathological study of placenta showed presence of PM2.5, Neutrophil 

granules, damaged tissues, desquamated epithelial tissues, thrombus and less number of villi in heavy traffic and industrial areas as  
compared to non-industrial areas. 

 

Conclusion: Our findings advocate that the exposure of pregnant women to air pollutants may adversely affect the growth and 

development of placenta and fetus in highly polluted areas. More studies are required for confirmation. 
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I. Introduction: 

Exposure of pregnant women to ambient air pollution (AAP) may influence the growth and development of foetus. Pollutants enter the 

human body through several routes such as inhalation of contaminated air, consumption of contaminated water and food, exposure to 

contaminated soil and industrial waste (Bostrom et al., 2002). Ambient air particles vary in size, chemical composition, origin, shape, 

surface, charge, concentration and toxicity, which make the assessment of exposure difficult (Geller et al., 2005). It was reported that 

traffic-related particulate pollutants and combustion particles have toxic effect on human beings (Lewtas et al., 2007). The pregnant 

mother is also affected by exposure to both outdoor (NOx, SO2, O3, CO, hydrocarbons (HC), and particulate matters (PM) of different 

sizes) and indoor (NOx, SO2, O3, CO, volatile and semi-volatile organic compounds (VOCs), PM, radon, passive smoking and 

microorganisms) ambient air pollutants. The effect of these air pollutants on human beings depends on their toxicity, concentration and 

duration of exposure and may vary from person to person. It has been estimated that 2.4 million people die each year due to indoor 

(Lewtas et al., 2007) and 800,000 for outdoor air pollution. There is extensive evidence from epidemiological studies that long-term 

and short-term exposure to ambient air pollution increase the risk of lung cancer, respiratory and cardiovascular morbidity in adults, 

children and neonates living in urban areas (Kunzli et al., 2000; Turner et al., 2011; Brunekreef et al., 2002). 
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Particulate matters have been reported in both placenta and umbilical cord blood of pregnant mothers exposed to ambient air pollution 

(Nugent et al; 2015). Fine ambient particulate matter (less than 2.5 mm in aerodynamic diameter, PM2.5) is a collection of inorganic 

pollutants and can penetrate deep into the lung and result in inflammation (Bhatnagar et al., 2006) which is associated with impairments 

in placenta during pregnancy. 
 

The placental chronic inflammatory lesions are chronic villitis, chorioamnionitis, or intervillositis (Scapellato et al., 2007). The 

placenta exposed to biomass smoke would demonstrate hypoxic lesions, particularly as CO levels increases in blood (Wylie et al., 

2017). Increased level of CO elevates carboxyhemoglobin level by displacing oxygen from hemoglobin and reducing its availability to 

the fetus (Soothill et al., 1996) which ultimately affects the growth and development of the fetus. 

The effect of exposure to ambient air pollution on birth weight, prematurity and intra-uterine growth restriction (IUGR) can be 

measured by ultrasound of the foetus during the second and third trimesters (Slama et al., 2009). The exposure of pregnant mother to 

ambient air pollution showed an increased risk of IUGR in five out of six studies (Maisonet et al., 2004). Expectant mothers who spent 

more than 2 hours per day outdoors during the second trimester showed significantly reduced birth weight. Significant adverse effect of 

exposure to ambient air pollution on PTD was recorded in these cases (Lacasana et al., 2005). PTD is a multi-factorial biological 

process (Sran et al., 2005). 

Gestational exposure to PM2.5 has correlation with chronic disease risks (e.g., low birth weight, PTD) (Malmqvist et al., 2011; 

Lamichhane et al., 2015) and adverse child health outcomes (e.g., poorer cognition, asthma) (Basagana et al., 2016). The presence of 

PM2.5 has been reported in both umbilical cord blood, which reflects the state of the foetus and placenta (Nugent et al., 2015). It was 

reported that the time and duration of PM2.5 exposure during pregnancy may be a key factor in triggering a mitochondrial response. 

Recent studies demonstrate that increased exposure to PM2.5 during the third trimester (35–40 weeks gestation) of pregnancy was 

associated with decreased mitochondrial DNA content in cord blood (Janssen et al., 2012; Lee et al., 2018). 

The ultrafine particles (UFP) of urban air may promote inflammation in lungs epithelium, which would increase the concentrations of 

acute cytokines (van Eeden et al., 2005) like interleukin, and in turn cause systemic inflammation. It was reported that the exposure of 

human beings to PM2.5 had shown increased plasma viscosity (Peters et al., 1997) and elevated blood platelet level (Viehmann et al., 

2015). The exposure to diesel exhaust particles was associated with enhanced thrombosis susceptibility (Nemmar et al., 2004). It can be 

concluded that PM2.5 may promote thrombosis in capillaries and affect proper functioning of organs. PM2.5 induced injury was an 

important cause for oxidative stress condition (Valavanidis et al., 2008). PM2.5 inhalation can exert toxic effects on blood cells and the 

antioxidant system, stimulating the production of free radicals or reactive oxygen species. 

Inhaled PM2.5 can easily be transported from lung alveoli to capillaries due to its size. Later on, it is dissolved and circulated into the 

bloodstream via the pulmonary artery. During blood circulation, components of PM2.5 may enter the uteroplacental vascular system and 

result in placental pathologic changes and decreased transplacental function, with consequent pregnancy complications such as 

restricted fetal growth. The chorioamnionitis, amnionitis, and vessel thrombus observed in rats exposed to PM2.5 are regarded as an 

intrauterine inflammatory condition (Fielding et al., 2008). They may result in failure of the placenta to nourish the fetus and cause 

pregnancy complications such as preterm birth (Eder et al., 2009), neonatal cerebral palsy (Fain et al., 2004), and fetal growth 

restriction (Sun et al., 2005). The exposure to PM2.5 and UFPs causes inflammation, amniotitis, chorioamniotitis, intervilositites and 

squamous epithelial cells (DSE) with loss of papilla. The loss of papilla influences placental capacity and causes reduction in oxygen 

and nutrient supply to uterus. This could explain the reduced placental growth and high loss of trophoblast cells resulting in damaged 

tissue (DT) in placenta. Necrosis is a form of cell injury, which results due to premature death of cells in the living tissue by autolysis 

and the cell is known as necrotic cell. It is the unnatural, unplanned, unprogrammed, immature cell death. Nacrotic cells (NC) appear in 

placenta due to lack of blood and oxygen supply to tissues (Kloog et al., 2015). Biological disorders induced by traffic-related air 

pollution and industrial emissions in human beings are not yet completely understood. Therefore our present study concentrates on the 

effect of exposure of pregnant mother to ambient air pollution on placental pathology. 
 

II. Materials and methods: 
 

 : Ethics Statement 

The study was approved by the Institutional Ethical Committee on biomedical research on human subjects of SCB Medical College, 

Cuttack, Odisha, India (213/29.1.16). Written consents were obtained from all women volunteer-participants. 

 : Study Design 

The present cross-sectional study-design includes 373 female volunteers of three distinctly different areas such as Cuttack zone, Jajpur 

zone and Nilagiri zone of Odisha, India. The Cuttack zone has reference as a thickly populated and traffic polluted area which includes 

the urban city of Cuttack, the old capital of Odisha. Kalinganagar, regarded as the steel hub of Asia, is situated in the district of Jajpur. 

Kalinganagar has more than twenty steel plants and other ancillary industries. The non-industrial areas refer to remote tribal-rural areas 

of Nilagiri in Balasore district. 

Volunteers belong to almost the same socio-economic conditions and pre-pregnancy BMI. All of them delivered their single-ton babies 

between January 2015 and March 2018. 

The questionnaire administered to the participant mothers specifically covers all possible aspects of their exposure to air pollution from 

the early days of their conception up to delivery. The assessments of pregnancy include physical examinations and opinion of the 

treating physicians. 

 : Data Collection 

The base line questionnaire was used to collect socio-demographic and lifestyle information by the researcher inside the labour room in 

the presence of the doctors and nurses. The enrolment was restricted to women volunteers in their singleton pregnancy without any 

complicacy. Women volunteers with pre-medical history of serious chronic diseases were excluded from the study. 
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 : Maternal Questionnaire 

A maternal questionnaire was prepared with slight modifications and administered to the volunteers at the time of delivery to obtain 

information about maternal characteristics and other aspects relating to the present study (Polanska et al., 2014). The questionnaire 

covers socio-demographic characteristics (age, marital status, gravidity, parity (Borton et al., 2013), maternal education and 

employment), health of parents, environmental exposures (outdoor/indoor), occupational exposures, maternal diets, height, weight, 

medical treatment, vaccination and duration of sleep during pregnancy. Basic demographic factors such as age, ethnicity, profession, 

and education of father, annual household income, regular occurrence of menstrual cycle, last menstrual period (LMP), gestational 

hypertension or gestational diabetes were collected using questionnaires. The study also covers reproductive history, family history of 

allergies, respiratory and hereditary diseases, place of residence (distance from industries or mines), type and size of residence. The 

questionnaire also covers whether the expecting mother was exposed to smoke of the cooking fire and burning candles or lamps, 

passive smoking and alcohol consumption etc. 

 : Outcome Variables: 

In addition to the above data pre-pregnancy body mass index (BMI) [weight (kg)/ height (m2)] of mothers and neonates were calculated 

(Polanska et al., 2014). 

 : Sample collection and preparation: 

Just after delivery placental tissues were collected from both maternal and fetal side of placenta, and repeatedly washed with 9% saline 

water and stored at -200C temperature for further analysis (Basu et al., 2015). 

 

Histopathological studies (Hematoxylene and Eosin staining) 
 

Histopathological study was done by adopting Hematoxylene and Eosin staning procedure (R&D Systems a biotechne brand). 

 
 

   
 

Steps showing protocol for histopathological study 
 

III. Results: 

 : Sample Characteristics and Level of Air Pollutants in Three Different Areas 

In the present study, the level of ambient air pollutants for the year (2015-18) in different study areas of Odisha was collected from The 

‘Odisha State Pollution Control Board’ (OSPCB), Bhubaneswar (Figure-1). The air population level of three different study zones was 

calculated to represent the range of pollutant exposure to heavy traffic congestion areas like Cuttack, industrial areas like Jajpur 

(Kalinganagar) and rural non-industrial areas like Nilagiri of Balasore districts of Odisha. The sources of air pollution of thickly 

populated Cuttack zone, industrial areas like Jajpur and rural Nilagiri zones were shown in Table-1(a).The major components of air 

pollution and the air quality index of three different study zones were shown in Table-1(b). 

 

 : Percentage of Outdoor and Indoor Exposure to Pregnant Women 

The percentage of indoor exposure of pregnant women of Cuttack zone is 87%, Jajpur zone is 90%, and Nilagiri zone is 92%. The 

outdoor exposure of pregnant women of Cuttack zone is 96%, Jajpur zone is 66% and Nilagiri zone is 35%. The histogram represents 

the comparison between percentage of outdoor and indoor exposure of pregnant women of three study areas at p <0.05. Significant 

difference was not found among the indoor exposure of Cuttack, Jajpur and Nilagiri zones. There was significant difference between 

indoor and outdoor exposure of three study areas at p < 0.05. Significant difference was recorded among outdoor exposure of Cuttack, 
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Jajpur and Nilagiri zone at p < 0.05. The outdoor exposure of Cuttack zone was significantly higher than that of Jajpur and Nilagiri 

zone at p < 0.05. The outdoor exposure of Jajpur zone was significantly higher than that of Nilagiri zone at p < 0.05 (Figure-2). 

 

 : Percentage of Full-term Birth and Preterm Birth / Preterm Delivery (PTD) 

The percentage of full-term birth of pregnant women of Cuttack zone is 35%, Jajpur zone is 45% and Nilagiri zone is 86%. The 

preterm delivery of pregnant women of Cuttack zone is 65%, Jajpur zone is 55% and Nilagiri zone is 14%. Significant difference 

between full term and preterm birth of neonates from Cuttack, Jajpur and Nilagiri zones was recorded at p <0.05. The full-term birth of 

neonates of Cuttack zone was significantly lower than that of Jajpur and Nilagiri zone at p < 0.05. The full-term birth of neonates of 

Jajpur zone was significantly lower than that of Nilagiri zone at p < 0.05. The preterm birth of Cuttack zone was significant ly higher 

than that of Jajpur and Nilagiri zone at p < 0.05. The preterm birth of Jajpur zone was significantly higher than that of Nilagiri zone at p 

< 0.05 (Figure-3). 
 

Pre-pregnancy BMI of volunteers in Cuttack zone, Jajpur zone and Nilagiri zone was 22.23, 22.14, and 21.0 respectively (Table-1c). 

The neonatal BMI were 11.62, 13.3, and 14.07 in Cuttack, Jajpur and Nilagiri zone respectively (Table-1c). The percentage of normal 

mother weight in Cuttack zone was 94%, Jajpur zone 93% and Nilagiri zone 96% (Table-1d). The gravidity and parity history of 

participants was recorded in present study to know the details of the women’s obstetric history (Creinin et al., 2009). 

 

 : Histopathological Study of Placental Tissue 

Placenta collected from volunteers of three study regions showed rough and spongy maternal surface. They were dull red in colour and 

divided into 15-20 cotyledons by septa (Figure-5). Umbilical cord was attached at or near the centre of placenta at fetal surface (Figure- 

4). Branches of the umbilical vessels were visible beneath the amnion as they radiate from the area of insertion of the umbilical cord to 

placenta (Figure-4). 

 

It was observed that stem villi sprouts from chorionic plate and characterized by a large number of vessels and micro-vessels. Stem villi 

branch off to intermediate villi and intermediate to terminal villi (Figure-6). Syncytotrophoblast is the epithelial covering of the 

terminal villi and invades the wall of the uterus to establish nutrient circulation between the embryo and the mother. It is multi- 

nucleated and has terminally differentiated syncytial knots (Figure-10). Syncytial knot increases with the increase in gestational age and 

are used to evaluate villous maturity. 

 

The deposition of PM2.5 was more in placental tissues of traffic congestion Cuttack zone than industrial Jajpur and non-industrial 

Nilagiri zones. The lowest PM2.5 deposition was recorded in Nilagiri zone (Figure-7). The thickly populated Cuttack zone showed more 

Neutrophil granules (NG), Desquamoted epithelial tissue (DSET), Damaged tissues (DT), Nacrotic cells (NC), Thrombus (T) than the 

industrial Jajpur zone and rural Nilagiri zone. Jajpur zone showed more NG (Figure-8), DSET (Figure-11), DT (Figure-14), NC 

(Figure-15), and T (Figure-16) than Nilagiri zone. The number of villi (V), recorded in thickly populated Cuttack zone was less than 

that of other zones. Industrial area Jajpur zone showed less number of V (Figure-9) than non-industrial area Nilagiri zone. 

 

The wall of artery and vein of chorionic tissue (Figure-17, 18) and umbilical cord (Figure-19, 20) are composed of three layers. The 

inner most layer is known as tunica intima, the middle layer is tunica media and the outermost layer is tunica adventitia. Wartson’s 

Jelly (WJ) envelops artery and vein of umbilical cord. Amnion nodosum (AN) of placenta usually appears at the point of intersection of 

cord (Figure-13). Amniotic membrane consists of epithelial villi, epithelial cells, basement membrane, compact layer, fibroblast layer, 

spongy layer (Figure-21). 

 

IV. Discussion 

The pregnant women of our study areas had normal health as their pre-pregnancy BMI ranged from 21.0 to 22.33 (healthy range is 

18.5-25 and 25-30 is overweight). Being too thin or overweight can affect fertility and neonate’s health (Chang T et al., 2017). 

Exposure of pregnant women to AAP is causally related to adverse pregnancy outcomes. Air pollutants may be absorbed into the 

maternal bloodstream, cross the placental barrier and have direct toxic effects on the fetus. The particulate pollutants seem to be the 

most important pollutant exposure for infant deaths, and the effect on IUGR seems linked to PAHs, whereas the neonatal birth outcome 

is a multi-factorial dependent parameter. It depends on age, height, health, genetic constituent, food habit, economic status and 

antenatal care services of the mother. Mostly the urban population shows more adverse birth outcomes than rural areas. 

Exposure of pregnant women to AAP was associated with a greatly reduced birth weight in Krakow Caucasians and in NYC African 

Americans (Perera et al., 2003, Choi et al., 2008). Environmental tobacco smoke exposure during pregnancy is associated with earlier 

delivery and reduced birth weight (Ion et al., 2015). All our volunteers were non smokers. AAP induces oxidative stress. Oxidative 

stress adversely affects placental mitochondria which reduces the ability of the placenta to support the growing foetus (Wu et al., 2016). 

The consequence of low placental ability leads to low birth weight, which is associated with both short and long-term health 

complications (Dadvand et al., 2013). An increased risk of PTD and low birth weight of neonates were reported from women residing 

in traffic congestion areas (Wilhelm et al., 2003). Our study showed significantly increased percentage of PTD and low birth weight 

(p<0.05) in heavy traffic urban and industrially polluted areas than remote rural non- industrial areas. 
 

PM2.5, an ambient air particulate is composed of nitrates, Black Carbon (BC), Organic Carbon (OC), soot of sulfate, and transition 

metals. Black carbon is generated directly from vehicular combustion. Organic carbons are emitted both from primary and secondary 

chemical reactions of gaseous organic precursors e.g. PAH (Vilcassim et al., 2014). Recent studies have demonstrated that vehicular 

emission particles were more strongly associated with cardiovascular problems than secondary coal-burning particles (Zanobetti et al., 

2006; Kloog et al., 2015). 
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Vehicular emissions, active and passive cigarette smoking are related to oxidative stress and inflammation in human body. During 

exposure to household air pollutant specifically when the level of PM2.5 was high in atmosphere, the placenta would suffer damage by 

circulating particulate matters, which cause systemic inflammation. This may result in placental chronic inflammatory lesions such as 

chronic-villitis, chronic chorioamnionitis, or intervillositis (Katzman et al., 2015).The hypoxic lesions were reported in smoke-exposed 

placentas particularly when CO levels increase. The level of carboxyhemoglobin increases by displacing oxygen from hemoglobin and 

reduces oxygen availability to the foetus (Soothill et al., 1996). In an air pollutant exposed placenta, PM2.5-mediated inflammation may 

play a major role for oxidative stress. Due to its small size, PM2.5 can reach the alveoli. These small airborne particles can be eliminated 

by bronchial epithelial cells, but still some amount of PM2.5 remain and subsequently pass into the blood stream and reached placental 

tissue. The placental tissue of pregnant women from Cuttack zone showed more PM2.5 deposition than that of Jajpur and Nilagiri zones. 

Placental tissue of postpartum from Nilagiri zone showed least amount of PM2.5 deposition. 
 

PM2.5 is recognized as foreign matter for which the local immune response is activated, and pro-inflammatory cytokines are released by 

NG (Brown et al., 2001). Cytokinesis causes inflammation in placenta which results in placental chorioamnionitis. Release of NG is the 

sign of acute infection and inflammation. NG has contribution to atherosclerosis and cardio vascular disease. In the present study more 

NG were observed in placental tissues of postpartum of thickly populated Cuttack zone than that of Jajpur and Nilagiri zones. The 

placental tissues of postpartum obtained from rural Nilagiri zone showed least number of NG. The chorioamnionitis is related to 

preterm birth, cognitive impairment and death and neurodevelopmental impairment in preterm infants (Brown et al., 2001). The 

preterm delivery of pregnant women of Cuttack, Jajpur, Nilagiri zone is 65%, 55% and 14% respectivly. Exposure to PM2.5 is known to 

cause cardiovascular (Shah et al., 2013) and chronic pulmonary diseases (Zanobetti et al., 2009). Epidemiological evidence suggests 

that ambient air pollution has adverse effect on maternal and fetal development. A population-based cohort study investigated that 

exposure to high levels of PM2.5 during the third trimester of pregnancy was associated with 42% increased risk of stillbirth (De Franco 

et al., 2015). Cardiopulmonary researchers have demonstrated that inhaled ultrafine particles can enter the placental circulation and 

cause systemic inflammation (Donaldson et al. 2005; Scapellato et al., 2007). The chorioamnionitis, amnionites, and vessel thrombus 

were observed in rats exposed to PM2.5. This may occur due to intrauterine inflammatory condition (Conti et al., 2015). Those may be 

the result of failure of the placenta to nourish the fetus and can cause pregnancy complications such as preterm birth (Pappas et al., 

2014), neonatal cerebral palsy and fetal growth restriction (Williams et al., 2000). There are 3 potential mechanisms of PM2.5 exposure 

proposed by the previous studies such as high oxidative stress (Dellinger et al., 2001), hypercoagulability (Pekkanen et al., 2000), and 

inflammation (Brook et al., 2010). The present study reported that more chronic-villitis, chronic chorioamnionitis were observed in 

placental tissues of postpartum of Cuttack zone than that of Jajpur and Nilagiri zones. Placentas obtained from Nilagiri zone showed 

least number of chronic-villitis and chronic chorioamnionitis. 

 

Oxidative stress results in desquamated epithelial tissues (DSET) in amniotic membrane. More DSET were reported in AM of placenta 

obtained from heavy traffic area Cuttack zone than Jajpur and Nilagiri zones. The remote non-industrial area Nilagiri zone showed least 

DSET in amniotic membrane of placental tissue. Amnion nodosum (AN) of placenta usually appears at the point of intersection of 

cord. It is composed of striated epithelial cells. The exact cause of AN of placenta is not known. It may occur due to deficiency of 

amniotic fluid. The presence of AN may lead to incomplete development of fetal lungs, fetal renal agencies (absence of one or both 

kidneys) and still birth. In the present study AN were clearly visible. Placenta exposed to PM 2.5 showed amnionitis with loss of 

papillae, resulting in decreases of surface area. This may influence placental transport capacity and cause reduction of oxygen and 

nutrient supply to uterus. This could explain the high loss of trophoblast cells and results in damaged tissue (DT) in placenta. More DT 

was reported in placental tissues obtained from thickly populated Cuttack zone than Jajpur and Nilagiri zones. Placental tissues of 

postpartum from Jajpur zone showed more DT than that of Nilagiri zone. PM2.5-exposed placenta showed amnionitis with loss of 

papillae/villi, which decreases the surface area. It may influence placental transport capacity and reduces oxygen and nutrient supply to 

trophoblast cells of placenta. It consequently results in the high loss of trophoblast cells and causes premature death of cells or cell 

necrosis. Large numbers of necrotic cells (NC) were observed in thickly polluted Cuttack zone. Jajpur zone showed more necrotic cells 

than that of rural Nilagiri zone. The increase of 10μg m-3 PM2.5 exposure was associated with short-term, 6.98% increase in long-term 

and 0.63% increase in deep vein thrombosis (DVT) (Kloog et al., 2015). Hypercoagulable state was found in our study. High platelet 

count may affect blood coagulation. The circulating PM2.5 may cause inflammation and consequently blood coagulation. PM2.5 

exposure resulted in thrombosis in capillaries of placental tissue. Thrombi were seen in most of the placenta of post-partum from heavy 

traffic congestion area Cuttack zone. Less number of thrombus were reported in capillaries of placenta of postpartum from non- 

industrial Nilagiri zone than that of industrial Jajpur zone. The presence of thrombus/vascular block reduces the surface area for the 

transfer of oxygen from mother to fetus and may contribute to placental dysfunction. Such changes in placental morphology and 

function may lead to reduced fetal growth. Chorionic fluid, amniotic fluid and fetal vessels transport nutrient and oxygen to fetus from 

mother (Toda et al., 2007). The thickness of AM ranges from 0.02 to 0.5 mm. It consists of three main histological layers such as the 

epithelial layer, the thick basement membrane and the vascular mesenchymal tissue (Benirschke et al., 2006). Microvilli are present at 

the apical surface of the amniotic epithelial cells. Epithelial microvilli probably have an active secretory and intra and trans-cellular 

transport functions (Pollard et al., 1976). In the present study cellular layers and microvilli of AM were clearly visible. AM surrounds 

the embryo/fetus and delimits the amniotic cavity, which is filled by amniotic fluid (Herendael et al., 1978). The placenta acts as a 

bridge between mother and fetus. Fetal nutrient and oxygen supply, waste removal, and protection from xenobiotics rely occurs through 

maternal-fetal circulation. Placental inflammation may also play an important role in placental impairment that leads to short-term and 

long-term complications in pregnancy. 
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V. Conclusion: 

The present study provides evidence that the exposure of pregnant women to ambient air particulate pollutants adversely affects the 

growth and development of the fetus. Exposure to particulate pollutants like PAH may induce oxidative stress in the pregnant mother, 

reduced birth weight or low birth weight. It also showed reduced body mass index, placental weight and head circumference of the new 

born baby, which may be due to the significantly increased lipid peroxidation by production of reactive oxygen species. Ambient air 

exposure is associated with an increased serum homocysteine concentration in maternal and cord blood as a biomarker of exposure 

effects. Thus, exposure of air pollutants during pregnancy should be avoided for substantial health benefits of newborns and their 

subsequent neural development. 

 

VI. Acknowledgements 

The authors acknowledge their obligation to the Directorate of Higher Education for the grant of State Government Study Leave vides 

DHE office order no. 27205 dated 28.07.16. The authors would like to thank all the volunteer participants (pregnant mothers),  who 

participated in this study and all the staff involved in the project realization. This study was conducted in community health centers of 

three different areas of Odisha. We gratefully acknowledge the contribution of doctors, midwives and pharmacies of community health 

centers of Cuttack, Jajpur and Nilagiri of Balasore districts of Odisha. 

 
VII. Conflict of Interest 

The authors declare that they have no conflict of interests regarding the publication of this paper. 

 
Reference: 

1. Basagana X, Esnaola M, Rivas I, Amato F, Alvarez-Pedrerol M, Forns J, López-Vicente M, Pujol J, Nieuwenhuijsen M, Querol 

X, Sunyer J. Neurodevelopmental Deceleration by Urban Fine Particles from Different Emission Sources: A Longitudinal 

Observational Study. Environ Health Perspect. 2016 Oct;124(10):1630-1636. 

2. Basu J, Bendek B, Agamasu E, Salafia CM, Mishra A, Benfield N, Patel R, Mikhail M. Placental Oxidative Status Throughout 

Normal Gestation in Women with Uncomplicated Pregnancies. Obstet Gynecol Int. 2015;2015: 276095. 

3. Benirschke K, Kaufmann P, Baergen R. Architecture of naormal villous trees. Pathology of the human placenta. 5th Edition. 2006; 

121–173. 

4. Bhatnagar A. Environmental cardiology: studying mechanistic links between pollution and heart disease. Circ Res. 2006 Sep 29; 

99(7):692-705. 

5. Borton, Chloe (November 12, 2009). "Gravidity and Parity Definitions (and their Implications in Risk Assessment)". Patient.info. 

Retrieved June 26, 2013 

6. Boström CE, Gerde P, Hanberg A, Jernström B, Johansson C, Kyrklund T, et al. Cancer risk assessment, indicators, and guidelines 

for polycyclic aromatic hydrocarbons in the ambient air. Environ Health Perspect. 2002 Jun; 110 Suppl 3:451-88. 

7. Brook RD, Rajagopalan S, Pope CA III et al: Particulate matter air pollution and cardiovascular disease: An update to the 

scientific statement from the american heart association. Circulation, 2010; 121: 2331–78. 

8. Brown DM, Wilson MR, MacNee W et al: Size-dependent proinflammatory effects of ultrafine polystyrene particles: A role for 

surface area and oxidative stress in the enhanced activity of ultrafines. Toxicol Appl Pharmacol, 2001; 175: 191–99. 

9. Brunekreef B, Holgate ST. Air pollution and health. Lancet. 2002 19;360(9341):1233-42. 

10. Chang T, Moniz MH, Plegue MA, Sen A, Davis MM, Villamor E, Richardson CR. Characteristics of women age 15-24 at risk 

for excess weight gain during pregnancy. PLoS One. 2017 Mar 14;12(3) 

11. Choi H, Rauh V, Garfinkel R, Tu Y, Perera FP. Prenatal exposure to airborne polycyclic aromatic hydrocarbons and risk of 

intrauterine growth restriction. Environ Health Perspect. 2008; 116(5):658-65. 

12. Conti N, Torricelli M, Voltolini C, Vannuccini S, Clifton VL, Bloise E, Petraglia F. Term histologic chorioamnionitis: a 

heterogeneous condition. Eur J Obstet Gynecol Reprod Biol. 2015 ;188:34-8. 

13. Creinin, MD; Simhan, HN (Mar 2009). "Can we communicate gravidity and parity better?". Obstetrics and gynecology. 113 (3): 

709–11. 

14. Dadvand P, Parker J, Bell ML, Bonzini M, Brauer M, Darrow LA, etal. Maternal exposure to particulate air pollution and term 

birth weight: amulti-country evalution of effect and heterogeneity. Environ Helth Perspect.2013; 121(3)3:267-373. 



www.ijcrt.org © 2022 IJCRT | Volume 10, Issue 10 October 2022 | ISSN: 2320-2882 

IJCRT2210365 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org d148 

 

 

15. De Franco E, Hall E, Hossain M, Chen A, Haynes EN, Jones D, Ren S, Lu L, Muglia L. Air pollution and stillbirth risk: exposure 

to airborne particulate matter during pregnancy is associated with fetal death. PLoS One. 2015 20; 10(3):e0120594. 

 

16. Dellinger B, Pryor WA, Cueto R, Squadrito GL, Hegde V, Deutsch WA. Role of free radicals in the toxicity of airborne fine 

particulate matter. Chem Res Toxicol. 2001;14(10):1371-7. 

17. Donaldson K, Mills N, MacNee W, Robinson S, Newby D. Role of inflammation in cardiopulmonary health effects of PM. 

Toxicol Appl Pharmacol. 2005;207(2 Suppl):483-8. 

18. Eder K, Baffy N, Falus A, Fulop AK. The major inflammatory mediator interleukin-6 and obesity. Inflamm Res. 2009 

Nov;58(11):727-36. 

19. Fain JN, Madan AK, Hiler ML, Cheema P, Bahouth SW. Comparison of the release of adipokines by adipose tissue, adipose 

tissue matrix, and adipocytes from visceral and subcutaneous abdominal adipose tissues of obese humans. Endocrinology. 2004 

May;145(5):2273-82. 

20. Fielding CA, McLoughlin RM, McLeod L, Colmont CS, Najdovska M, Grail D, Ernst M, Jones SA, Topley N, Jenkins BJ. IL- 

6 regulates neutrophil trafficking during acute inflammation via STAT3. J Immunol. 2008 Aug 1;181(3):2189-95. 

21. Geller MD, Sardar SB, Phuleria H, Fine PM, Sioutas C. Measurements of particle number and mass concentrations and size 

distributions in a tunnel environment. Environ Sci Technol. 2005 Nov ; 39(22):8653-63. 

22. Guilbert JJ. The world health report 2002 - reducing risks, promoting healthy life. Educ Health (Abingdon). 2003 

Jul;16(2):230. 

23. Herendael B van, Oberti C, Brosens I. Microanatomy of the human amniotic membranes. A light microscopic, transmission, 

and scanning electron microscopic study. Am J Obstet Gynecol.1978; 131:872–880. 

24. Ion RC, Wills AK, Bernal AL. Environmental Tobacco Smoke Exposure in Pregnancy is Associated With Earlier Delivery 

and Reduced Birth Weight. Reprod Sci. 2015 Dec;22(12):1603-11. 

25. Janssen BG, Munters E, Pieters N, Smeets K, Cox B, Cuypers A, Fierens F, Penders J, Vangronsveld J, Gyselaers W, Nawrot 

TS. Placental mitochondrial DNA content and particulate air pollution during in utero life. Environ Health Perspect. 2012 

Sep;120(9):1346-52. 

 

26. Katzman PJ. Chronic inflammatory lesions of the placenta. Semin Perinatol. 2015 Feb;39(1):20-6. 

27. Kloog I, Zanobetti A, Nordio F, Coull BA, Baccarelli AA, Schwartz J. Effects of airborne fine particles (PM2.5 ) on deep vein 

thrombosis admissions in the northeastern United States. J Thromb Haemost. 2015 May;13(5):768-74. 

28. Künzli N, Kaiser R, Medina S, Studnicka M, Chanel O, Filliger P, Herry M, Horak F Jr, Puybonnieux-Texier V, Quénel P, 

Schneider J, Seethaler R, Vergnaud JC, Sommer H. Public-health impact of outdoor and traffic-related air pollution: a European 

assessment. Lancet. 2000; 356(9232):795-801. 

29. Lacasana M, Esplugues A, Ballester F. Exposure to ambient air pollution and prenatal and early childhood health effects. Eur J  

Epidemiol. 2005; 20(2):183-99. 

30. Lamichhane DK, Leem JH, Lee JY, Kim HC. A meta-analysis of exposure to particulate matter and adverse birth outcomes. 

Environ Health Toxicol. 2015 Nov;30. 

31. Lee A, Leon Hsu HH, Mathilda Chiu YH, Bose S, Rosa MJ, Kloog I, Wilson A, Schwartz J, Cohen S, Coull BA, Wright RO, 

Wright RJ. Prenatal fine particulate exposure and early childhood asthma: Effect of maternal stress and fetal sex. J Allergy Clin 

Immunol. 2018 May;141(5):1880-1886. 

32. Lewtas J. Air pollution combustion emissions: characterization of causative agents and mechanisms associated with cancer, 

reproductive, and cardiovascular effects. Mutat Res. 2007; 636(1-3):95-133 

33. Maisonet M, Correa A, Misra D, Jaakkola JJ. A review of the literature on the effects of ambient air pollution on fetal growth. 

Environ Res. 2004; 95(1):106-15. 



www.ijcrt.org © 2022 IJCRT | Volume 10, Issue 10 October 2022 | ISSN: 2320-2882 

IJCRT2210365 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org d149 

 

 

34. Malmqvist E, Rignell-Hydbom A, Tinnerberg H, Björk J, Stroh E, Jakobsson K, Rittner R, Rylander L. Maternal exposure to 

air pollution and birth outcomes. Environ Health Perspect. 2011 Apr;119(4):553-8. 

 

35. Nemmar A, Hoet PH, Vermylen J, Nemery B, Hoylaerts MF. Pharmacological stabilization of mast cells abrogates late 

thrombotic events induced by diesel exhaust particles in hamsters. Circulation. 2004 Sep ;110(12):1670-7. 

36. Nugent BM, Bale TL. The omniscient placenta: Metabolic and epigenetic regulation of fetal programming. Front 

Neuroendocrinol. 2015 Oct; 39:28-37. 

37. Pappas A, Kendrick DE, Shankaran S et al: Chorioamnionitis and early childhood outcomes among extremely low-gestational- 

age neonates. JAMA Pediatr, 2014; 168: 137–47. 

38. Pekkanen J, Brunner EJ, Anderson HR, Tiittanen P, Atkinson RW. Daily concentrations of air pollution and plasma fibrinogen 

in London. Occup Environ Med. 2000;57(12):818-22. 

39. Perera FP, Rauh V, Tsai WY, Kinney P, Camanna D,Barr D,et al. Effect of transplacental exposure to environmental 

pollutants on birth outcomes in a multiethenic population. Environ Health Perspect. 2003;111(2). 201-5 

40. Peters A, Döring A, Wichmann HE, Koenig W. Increased plasma viscosity during an air pollution episode: a link to mortality?  

Lancet. 1997 May 31;349(9065):1582-7. 

41. Polanska K, Dettbarn G, Jurewicz J, Sobala W, Magnus P, Seidel A, Hanke W. Effect of prenatal polycyclic aromatic 

hydrocarbons exposure on birth outcomes: the Polish mother and child cohort study. Biomed Res Int. 2014;2014:408939. 

42. Pollard SM, Aye NN, Symonds EM. Scanning electron microscope appearances of normal human amnion and umbilical cord at 

term. Br J Obstet Gynaecol. 1976;83(6):470-7. 

43. Scapellato ML, Lotti M. Short-term effects of particulate matter: an inflammatory mechanism? Crit Rev Toxicol. 2007; 

37(6):461-87. 

44. Shah AS, Langrish JP, Nair H, McAllister DA, Hunter AL, Donaldson K, Newby DE, Mills NL. Global association of air pollution 

and heart failure: a systematic review and meta-analysis. Lancet. 2013; 382(9897):1039-48. 

45. Slama R, Thiebaugeorges O, Goua V, Aussel L, Sacco P, Bohet A, Forhan A, Ducot B, Annesi-Maesano I, Heinrich J, Magnin 

G, Schweitzer M, Kaminski M, Charles MA; EDEN Mother-Child Cohort Study Group. Maternal personal exposure to airborne 

benzene and intrauterine growth. Environ Health Perspect. 2009;117(8):1313-21. 

46. Soothill PW, Morafa W, Ayida GA, Rodeck CH. Maternal smoking and fetal carboxyhaemoglobin and blood gas levels. Br J 

Obstet Gynaecol. 1996 ;103(1):78-82. 

47. Sran MM, Khan KM, Keiver K, Chew JB, McKay HA, Oxland TR. Accuracy of DXA scanning of the thoracic spine: 

cadaveric studies comparing BMC, areal BMD and geometric estimates of volumetric BMD against ash weight and CT measures of 

bone volume. Eur Spine J. 2005; 14(10):971-6. 

48. Sun Q, Wang A, Jin X, Natanzon A, Duquaine D, Brook RD, Aguinaldo JG, Fayad ZA, Fuster V, Lippmann M, Chen LC, 

Rajagopalan S. Long-term air pollution exposure and acceleration of atherosclerosis and vascular inflammation in an animal model. 

JAMA. 2005 Dec 21;294(23):3003-10. 

49. Toda A, Okabe M, Yoshida T, Nikaido T. The potential of amniotic membrane/amnion-derived cells for regeneration of various 

tissues. J Pharmacol Sci. 2007; 105(3):215-28. 

50. Turner MC, Krewski D, Pope CA 3rd, Chen Y, Gapstur SM, Thun MJ. Long-term ambient fine particulate matter air pollution 

and lung cancer in a large cohort of never-smokers. Am J Respir Crit Care Med. 2011;184(12):1374-81. 

51. Valavanidis A, Fiotakis K, Vlachogianni T. Airborne particulate matter and human health: toxicological assessment and 

importance of size and composition of particles for oxidative damage and carcinogenic mechanisms. J Environ Sci Health C Environ 

Carcinog Ecotoxicol Rev. 2008 Oct-Dec;26(4):339-62. 

52. van Eeden SF, Yeung A, Quinlam K, Hogg JC. Systemic response to ambient particulate matter: relevance to chronic 

obstructive pulmonary disease. Proc Am Thorac Soc. 2005;2(1):61-7. 



www.ijcrt.org © 2022 IJCRT | Volume 10, Issue 10 October 2022 | ISSN: 2320-2882 

IJCRT2210365 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org d150 

 

 

53. Viehmann A, Hertel S, Fuks K, Eisele L, Moebus S, Möhlenkamp S, Nonnemacher M, Jakobs H, Erbel R, Jöckel KH, 

Hoffmann B; Heinz Nixdorf Recall Investigator Group. Long-term residential exposure to urban air pollution, and repeated measures of 

systemic blood markers of inflammation and coagulation. Occup Environ Med. 2015 Sep;72(9):656-63. 

54. Vilcassim MJ, Thurston GD, Peltier RE, Gordon T. Black carbon and particulate matter (PM2.5) concentrations in New York 

City's subway stations. Environ Sci Technol. 2014 Dec 16;48(24):14738-45. 

55. Wilhelm M, Ritz B. Residential proximity to traffic and adverse birth outcomes in Los Angeles country, California, 1994-1996. 

Environ Health Perspect. 2003; 111(2):207-16. 

56. Williams MC, O’Brien WF, Nelson RN, Spellacy WN: Histologic chorioamnionitis is associated with fetal growth restriction in 

term and preterm infants. Am J Obstet Gynecol, 2000: 183: 1094–99. 

57. Wu F, Tian FJ, Lin Y, Xu WM. Oxidative Stress: Placenta Function and Dysfunction.Am J Repord Immunol.2016; 76(4): 

258-271. 

58. Wylie BJ, Matechi E, Kishashu Y, Fawzi W, Premji Z, Coull BA, Hauser R, Ezzati M, Roberts DJ. Placental Pathology 

Associated with Household Air Pollution in a Cohort of Pregnant Women from Dares Salaam, Tanzania. Environ Health Perspect. 

2017 Jan;125(1):134-140. 

59. Zanobetti A, Schwartz J. Air pollution and emergency admissions in Boston, MA. J Epidermiol Community Health 2006; 

60:890–895. 

60. Zanobetti A, Schwartz J: The effect of fine and coarse particulate air pollution on mortality: A national analysis. Environ 

Health Perspect, 2009; 117: 898–903. 

 

Figures: 

Figure-1: Air pollutants during 2015-18 
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Figure-2: Percentage of Indoor and Outdoor exposure of pregnant mother 

 

 

Figure-3: Percentage of Full term and Preterm baby 
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Figure-4: Foetal surface of placenta showing A-Artery, V-Vein 

 

 

Figure-5: Maternal surface of Placenta showing S-Septa, C- Cotyledon 
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Figure-6: Hematoxylene and eosin (H&E) stain of placental tissue showing Ch P – Chorionic plate, IVS – Intervillous space, SV – 

Stem villi, IV – Intermediate villi, TV – Terminal villi. 
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Figure-7: Hematoxylene and eosin (H&E) stained of placental tissue showing more PM2.5 deposition in Cuttack zone (A) than Jajpur 
 

(B) and Nilagiri zone (C). Nilagiri zone showed least deposition. Magnification at 40x. 
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Figure-8: Hematoxylene and eosin (H&E) stain of placental tissue. (A) C.S. of placental tissue from Cuttack zone showed more 

Neutrophil granules (NG) than (B) and (C) (C.S. of placenta of Jajpur zone and Nilagiri zone respectively). 
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Figure-9: Hematoxylene and eosin (H&E) stain of placental tissue. (A) C.S. of placental tissue from Cuttack zone showing comparatively 

less no. of villi (V) than (B) and (C). (B) C.S. of placenta of Jajpur zone, showed less no. of villi than ( C ) Nilagiri zone 
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Figure-10: Hematoxylene and eosin (H&E) stain of placental tissue. C.S. of placental tissue showing SK-Syncitial knots,  

S-Syncytotrophoblast, C- Cytotrophoblast 
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Figure-11: Hematoxylene and eosin (H&E) stain of placental tissue. (A) C.S. of placental tissue from Cuttack zone, showing 

comparatively highest desquamated epithelial tissue (DSET). (B) C.S. of placenta of Jajpur zone, showed more desquamated epithelial 

tissue than ( C ) Nilagiri zone 
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Figure-12:Hematoxylene and eosin (H&E) stained placental tissue showed Chorionic plate (Ch P),  Amniotic membrane (AM) and Lumen 

of artery (LA). 

 

 
 

Figure- 13:Hematoxylene and eosin (H&E) stain of placental tissue of Cuttack zone showing Amnion nodosum (AN).    
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Figure -14: Hematoxylene and eosin (H&E) stain of placental tissue. (A) C.S. of placental tissue from Cuttack zone, comparatively 

highest damaged tissue (DT). (B) C.S. of placenta of Jajpur zone, showed more damaged tissue than ( C ) Nilagiri zone.                
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Figure-15: Hematoxylene and eosin (H&E) stain of placental tissue. (A) C.S. of placental tissue from Cuttack zone showed more necrotic 

cells (NC) than (B) and (C) C.S. of placenta of Jajpur zone and Nilagiri zone respectively. 
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Figure-16: Hematoxylene and eosin (H&E) stain. (A) C.S. of placental tissue from Cuttack zone showed more no. of Thrombus (T) than 

(B) and (C) (C.S. of placenta of Jajpur zone and Nilagiri zone respectively) 
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Figure-17: Hematoxylene and eosin (H&E) stain of placental tissue of Chorionic plate (Ch P).  C.S. of artery. LA –Lumen of artery, TI –

Tunica intima, TM – Tunica media, TA – Tunica adventitia . 

 

Figure-18: Hematoxylene and eosin (H&E) stain of placental tissue of Chorionic plate (Ch P). C.S. of Vein. LV –Lumen of vein, TI –

Tunica intima, TM – Tunica media, TA – Tunica adventitia . 

 

Figure-19: Hematoxylene and eosin (H&E) stain of artery of umbilical cord (AC). C.S. of artery of umbilical cord. L – Lumen, TI –Tunica 

intima, TM – Tunica media, TA – Tunica adventitia , WJ – Wartson’s Jelly 
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Figure-20: Hematoxylene and eosin (H&E) stain of vein of umbilical cord (VC). C.S. of the vein of umbilical cord. L – Lumen, TI –

Tunica intima, TM – Tunica media, TA – Tunica adventitia , WJ – Wartson’s Jelly 

 

Figure-21: Hematoxylene and eosin (H&E) stain of Amniotic membrane showing  EV – Epithelial Villi, E – Epithelial cells, BM – 

Basement membrane, CL – Compact Layer, FbL – Fibroblast Layer, SpL –Spongy Layer.       

Figure Legend 

 

Figure-1: Histogram represents different air pollutants level of three distinct areas as Cuttack zone, Jajpur zone and Nilagiri zone during 

(2015 - 2018). 

Figure-2: Histogram represents percentage of outdoor and indoor exposure of three study areas (mean ± SEM). Indoor (a) and outdoor 

(b) exposure of Cuttack zone, indoor (c) outdoor (d) exposure of Jajpur zone, indoor exposure of Nilagiri zone (e) was compared.( p < 

0.05). 

Figure-3: Histogram represents percentage of full term and preterm birth of three study areas (mean ± SEM). Full term (a) and preterm 

baby (b) of Cuttack zone, full term (c) and preterm baby (d) of Jajpur zone and full term baby (e) of Nilagiri zone were compared (p < 

0.05 ). 
 

Figure-4: Foetal surface of placenta showing A-Artery, V-Vein 

Figure-5: Maternal surface of placenta showing A-Artery, V-Vein 

  Figure-6: Hematoxylene and eosin (H&E) stain of placental tissue showing Ch P – Chorionic plate, IVS – Intervillous space, SV –     
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                   Stem villi, IV – Intermediate villi, TV – Terminal villi. 

 

Figure-7: Hematoxylene and eosin (H&E) stained of placental tissue showing more PM2.5 deposition in Cuttack zone (A) than Jajpur 
 

(B) and Nilagiri zone (C). Nilagiri zone showed least deposition. Magnification at 40x. 

 

Figure-8: Hematoxylene and eosin (H&E) stain of placental tissue. (A) C.S. of placental tissue from Cuttack zone showed more 

Neutrophil granules (NG) than (B) and (C) (C.S. of placenta of Jajpur zone and Nilagiri zone respectively). 

Figure-9: Hematoxylene and eosin (H&E) stain of placental tissue. (A) C.S. of placental tissue from Cuttack zone showing 

comparatively less no. of villi (V) than (B) and (C). (B) C.S. of placenta of Jajpur zone, showed less no. of villi than ( C ) Nilagiri zone. 

Figure-10: Hematoxylene and eosin (H&E) stain of placental tissue. C.S. of placental tissue Showing SK-Syncitial knots, S- 

Syncytotrophoblast, C- Cytotrophoblast 

Figure-11: Hematoxylene and eosin (H&E) stain of placental tissue. (A) C.S. of placental tissue from Cuttack zone, showing 

comparatively highest desquamated epithelial tissue (DSET). (B) C.S. of placenta of Jajpur zone, showed more desquamated epithelial 

tissue than ( C ) Nilagiri zone 

Figure-12:Hematoxylene and eosin (H&E) stained placental tissue showed Chorionic plate (Ch P), Amniotic membrane (AM) and 

Lumen of artery (LA). 

Figure- 13: Hematoxylene and eosin (H&E) stain of placental tissue of Cuttack zone showing Amnion nodosum (AN). 
 

Figure -14: Hematoxylene and eosin (H&E) stain of placental tissue. (A) C.S. of placental tissue from Cuttack zone, comparatively 

highest damaged tissue (DT). (B) C.S. of placenta of Jajpur zone, showed more damaged tissue than (C) Nilagiri zone. 

Figure-15: Hematoxylene and eosin (H&E) stain of placental tissue. (A) C.S. of placental tissue from Cuttack zone showed more 

necrotic cells (NC) than (B) and (C) C.S. of placenta of Jajpur zone and Nilagiri zone respectively. 

Figure-16: Hematoxylene and eosin (H&E) stain. (A) C.S. of placental tissue from Cuttack zone showed more no. of Thrombus (T)  

than (B) and (C) (C.S. of placenta of Jajpur zone and Nilagiri zone respectively). 

Figure-17: Hematoxylene and eosin (H&E) stain of placental tissue of Chorionic plate (Ch P). C.S. of artery. LA –Lumen of artery, TI 

 

–Tunica intima, TM – Tunica media, TA – Tunica adventitia . 

 

Figure-18: Hematoxylene and eosin (H&E) stain of placental tissue of Chorionic plate (Ch P). C.S. of Vein. LV –Lumen of vein, TI – 

Tunica intima, TM – Tunica media, TA – Tunica adventitia . 

Figure-19: Hematoxylene and eosin (H&E) stain of artery of umbilical cord (AC). C.S. of artery of umbilical cord. L – Lumen, TI – 

Tunica intima, TM – Tunica media, TA – Tunica adventitia , WJ – Wartson’s Jelly. 

Figure-20: Hematoxylene and eosin (H&E) stain of vein of umbilical cord (VC). C.S. of vein of umbilical cord. L – Lumen, TI –Tunica 

intima, TM – Tunica media, TA – Tunica adventitia , WJ – Wartson’s Jelly. 

Figure-21: Hematoxylene and eosin (H&E) stain of Amniotic membrane showing EV – Epithelial Villi, E – Epithelial cells, BM – 

Basement membrane, CL – Compact Layer, FbL – Fibroblast Layer, SpL –Spongy Layer. 
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Table: 

Table-1(a): Sources of air pollution of different study areas in Odisha 

 

 

AREA Sample size Source of pollution 

Cuttack zone 127 Thickly populated, Heavy traffic congestion, 

Indoor pollution (fire wood) 

Jajpur zone (Kalinganagar) 122 Industrial area, Steel hub of Asia, Indoor 

pollution (fire wood) 

Nilagiri zone 124 Remote rural area, Indoor pollution (fire wood) 

 

 

Table-1 (b): Types of pollutants measured during January 2015 to March 2018 

 

 

Area SO2 (µg/m2 ) NOX (µg/m2 ) PM2.5 (µg/m2 ) PM10 (µg/m2 ) 

Cuttack zone 4.16 31 94 114.33 

Jajpur zone 3.4 20 71 101.66 

Nilagiri zone 2.5 12 52 83 

 

Table-1 (c): Maternal characteristics with neonatal BMI 

Index Cuttack zone Jajpur zone Nilagiri zone F value P value 

Maternal age 25.72±1.05 24.41±0.75 22.70±0.78 3.0 0.53 

Pre-pregnancy 

BMI (kg/m²) 

22.23±1.17 22.14±0.59 21. ±0.38 0.05 0.95 

Neonatal BMI  

(kg/m²) 

11.62 ± 0.31 13.35 ± 0.41 14.07 ± 0.56 12.54 0.06 

 

 

Table-1 (d): Percentage of Mother Weight 

Area Age Under weight Normal weight Over weight 

Cuttack zone 16-39 2% 94% 4% 

Jajpur zone 19-37 4% 93% 3% 

Nilagiri zone 19-37 2% 96% 2% 

 

 

 

 

                           


