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Abstract 

Constant exposure to outdoor air pollution by populations within crude oil refineries in 

Southern part of Nigeria has continued to attract research interests due to its health 

implications. This study investigated birth outcomes in health facilities within the highly 

crude oil refining Eleme community of Rivers State and the non-oil refining Ubakala-

Umuahia in Abia State. A retrospective comparative cohort design based on 

obstetric/midwifery records of birth was used for this study. This design required the review 

of the records over a five-year period (2015-2020). The cohorts involved a population 

exposed to ambient air pollution from the Port Harcourt petroleum refinery source and a non-

exposed population residing at Ubakala-Umuahia (about 100km away from the Port Harcourt 

refinery). A total sample size of 412 was used for the study. In Eleme, a total of 206 birth 

records were systematically selected (Interval: every 18th record) from 2015-2020. In 

Ubakala-umuahia PHC, a total of 206 birth records. The results showed that birth risk was 

two times higher in the exposed group than in the non-exposed group (p = 0.012); between 

the exposed and non-exposed groups, there was a significant difference in birth weight (p = 

0.018) and congenital abnormalities (p = 0.004). When compared to the non-exposed group, 

participants in the exposed group had 89% higher risk of low birth weight and a 6 times 

higher chance of congenital abnormalities. The study recommended that government and 

other stake holders should encourage off-shore fossil fuel refining, and public health policy 

makers and governments should regulate the emission of particulate matter which is 

incriminated as a major cause of air pollution. 
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Introduction 

Air pollution due to fossil fuel exploration poses the largest environmental risk to human 

populations globally (World Health Organization [WHO], 2017). About three million deaths 

worldwide are associated every year with exposure to outdoor air pollution (Yakubu, 2018). 

The insatiable global demand for fossile fuel has predominantly increased crude oil 

exploration and refining. Fumes emited from gas flaring during crude oil refining tends to 

emit air pollutants at higher concentrations than those found in cities with traffic-related air 

pollution (Wylie et al., 2014). The air pollutants usually found and routinely measured near 

crude oil refineries include particulate matter (PM or soot), carbon monoxide (CO), nitrogen 

dioxide (NO2) and sulphur dioxides (SO2) (Liu et al., 2019). Due the inhalable size of these 

air pollutants, human populations residing near crude oil refineries are perharps at risk of 

polluatant inhalation (Kim, et al., 2019). This could also pose extra risk especially to pregnant 

women and their foetuses in perspective of the physiologcal peculiarities of pregnancy. More 
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so, environmental risks that could result in adverse birth outcomes are fundamental concerns 

for public health and midwifery (Gray et al., 2014). 

The WHO had proposed guidelines on maximum limits for several outdoor air 

pollutants (Kim, et al., 2019). The WHO recommended 10 µg/m3for particulate matter (PM), 

40 µg/m3 for Nitrogen dioxide (NO2),  20 µg/m3 for Sulphur dioxides (SO2) and 10 µg/m3 for 

Carbon monoxide (CO) (WHO, 2018). The WHO recommended the metioned ambient air 

pollutants at very low concentrations due to their possible health risks. Particulate matter 

when inhaled is known to cause lung disease and breathing difficulties (Guo et al., 2018). 

Nitrogen dioxide (NO2) is known to cause bronchitis (Petit et al., 2017). Carbon monoxide 

(CO) is known to cause breathing challenges, poor blood oxygenation and death (Rose et al., 

2017). Sulphur dioxide (SO2) is known to cause eye irritation, coughing, and cardiac 

dysfunction (Shepherd et al., 2015). Additionally, SO2 poisons rain water as it is the major 

component of acid rain (WHO, 2018). About ninety-one percent of premature deaths in 

developing countires are related to ambient air pollution (WHO, 2018). In addition, ninety-

nine percent of deaths during pregnancy occur in developing countries (Girum & Wasie, 

2017). This would suggest that pregnant women are among the most vulnerable groups 

within the human population in developing countries, and would benefit from health 

promotion and air quality initiatives. 

Pregnancy is percieved as a period when the mother and her fetus is most vulnerable 

to chemical catastrophe (Harville et al., 2017). It is often a unique life changing period for 

both mother and foetus. Several physical, physiological and emotional changes occur during 

pregnancy as the pregnant woman interacts with her environment. For example, there is a 

twenty percent increase in oxygen consumption needed to fuel a fifteen percent increase in 

body metabolism during pregnancy (Soma-pillay et al., 2016). This has drawn the attention of 

researchers towards examining the pregnant woman’s environment for possible impact of air 

pollution on birth outcomes and the newborn. 

Newborn birth outcomes is an important midwifery and obstetric concern (Abbey et 

al., 2017). Adverse newborn birth events is one of the leading causes of birth related 

mortality and morbidity globally (Khan et al., 2019). About seven percent of newborns in 

developed countries and sixteen percent in developing countries would have low birth weight 

at the point of birth (Lamichhane et al., 2015). Between five and eighteen percent of 

newborns would have preterm birth (Seabrook et al., 2018). In addition, newborn deaths 

make up thirty-seven percent of all births in developing countries (Oghenetega et al., 2020). 

In scrutiny of the fore mentioned, Tran et al (2020) reported that adverse birth outcomes was 

assosciated with residential proximity to crude oil and gas refineries. Furthermore, other 

studies on the association between the air quality and birth outcomes have shown significant 

associations (Smith et al., 2020; Liu et al., 2019). Nonetheless, most of the published studies 

on the subject were conducted in USA and China. Against this background more studies are 

required to confirm the finding across other continents such as Africa and crude oil refining 

countries such as Nigeria.  

Nigeria is a developing country with one of the fastest growing crude oil producing 

economies in West Africa (Yakubu, 2018). It is the second largest crude oil producer in 

Africa (Oghenetega et al., 2020). Most of Nigeria’s crude oil deposits are located within the 

Niger Delta region of south-southern Nigeria, mainly Rivers and Bayelsa States (Ede & 

Edokpa, 2015). More so, Rivers State holds one of Nigeria’s important crude oil refineries 

known as the Eleme Refinery located in Eleme community. Additionally, Eleme is home to a 

teeming human population which includes pregnant women. Moreover, Rivers State was 

reported to have a 2% prevalence of negative birth outcomes (especially birth defects) 

between 2011 and 2014 (Abbey et al., 2017). The authors demonstrated that the 2% 
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prevalence was significantly higher than the prevalence in other south-southern states with no 

functional crude oil refinery such as Cross River (0.42%) and Akwa Ibom State (0.40%). 

They further reported that the prevalence was higher than 0.40% found in nearby south-

eastern states of Nigeria. It is however not clear whether the higher prevalence of adverse 

birth outcomes is related to the crude oil refining within parts of Rivers State. It would hence 

be reasonable to examine birth outcomes in locations of poor air quality such as near crude 

oil refineries in comparison to non-oil refining locations. This comparative study seeks to 

assess birth outcomes in health facilities within the highly crude oil refining Eleme 

community of Rivers State and the non-oil refining Ubakala-Umuahia in Abia State. 

 

Research Questions/Hypotheses 

1. What are the birth outcomes in exposed pregnancies in facilities near Eleme refinery 

in the study? 

2. What are the birth outcomes in unexposed pregnancies at facilities in Ubakala-

Umuahia in the study? 

3. What is the difference in birth outcomes between exposed and unexposed groups? 

Hypotheses 

The following hypotheses were tested 

1. There is no significant difference in maternal birth outcomes between exposed and 

unexposed groups in the study. 

2.  There is no significant difference in newborn birth outcomes between exposed and 

unexposed groups in the stud. 

 

Theoretical Review 

This study was anchored on Nightingale’s Environmental Theory (1969).  Florence 

Nightingale proposed the Nightingale Environmental theory between 1860 and 1969 

(Fitzpatrick & McCarthy, 2014). She noted that nursing is an act of utilizing initiative to 

configure environmental forces towards assisting a patient to recovery from illness and 

maintaining health (Alligood, 2017). She further noted that extrinsic factors related to an 

individual’s environment affect life processes, growth and development (Smith, 2019). The 

environmental theory postulated that for one to maintain health or recover from illness, there 

is a need for pure fresh air, pure fresh water, effective drainage, direct sunlight and 

cleanliness (Alligood, 2017). The theory predicts that any deficiency in one or more of the 

fore mentioned factors will lead to limited function of life maintaining processes, hence 

diminish human health (Smith , 2019).  

Respiration is a basic human need. In line with the fore mentioned, air is of vital 

importance to humans. According to Nightingale’s environmental theory, the air within the 

immediate surroundings of an individual will need to be free of pollutants. In addition, it 

should be warm enough to provide comfort to the individual who breaths. If this air is not 

fresh, then the individual stands a chance of falling to disease caused by such impurities or 

pollutants in the air. 

 

Methodology 

A retrospective comparative cohort design based on obstetric/midwifery records of birth was 

used for this study. This design required the review of the records over a five-year period 

(2015-2020). The cohorts involved a population exposed to ambient air pollution from the 

Port Harcourt petroleum refinery source and a non-exposed population residing at Ubakala-

Umuahia (about 100km away from the Port Harcourt refinery).  
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The target population for the study was a total of as 6,159 recorded births in the three model 

facilities in Eleme and Ubakala-Umuahia PHC (3,903 in Eleme and 2,256 in Ubakala-

Umuahia) covering a period of 6 years (2015-2020). 

Birth records in the named Health facilities are obstetric/midwifery notes on activities and 

events that happened during childbirth and first six weeks of follow up. Information on 

background maternal characteristics, gestation at birth, spontaneity of labor, mode of birth, 

birth complications, and morbidity are documented on the birth records. 

A total sample size of 412 was used for the study. The sample size for the study was 

calculated using Cochran (1977) sample size formula for studies involving proportion, 

mathematically stated as: ns = {[Z1-α/2
2 x P(1-P)] ÷ d2}; Where ns = minimum sample size; Z 

1-α/2 = Type 1 error at p < 5% = 1.96; P = Prevalence of first parity preterm birth in among 

mothers in southern Nigeria = 16% (Zini & Omo-aghoja, 2019); d = Precision = 0.05 (Charan 

& Biswas, 2013). A minimum sample size of 206 birth records was computed for each of the 

exposed and non-exposed (comparison) groups of the study. Total sample size = 412 which is 

double of the minimum sample size for each arm. A sample size of 206 birth records 

represented approximately 5.2% of birth records in Eleme. Additionally, a sample size of 206 

birth records represented approximately 9.1% of birth records in Ubakala-Umuahia PHC.  

Systematic sampling technique was utilized to select birth records for the study. The 

point of random origin “4” was generated by throwing a dice. The sampling interval was 

determined by dividing the total number of records in each of the facilities (3,903 in Eleme 

and 2,256 in Town) by 206 thus having systematic intervals of 18 and 10 for Eleme and 

Ubakala-Umuahia PHCs respectively. Birth records were selected from births conducted 

from January 2015 to December 2020. In Eleme, a total of 206 birth records were 

systematically selected (Interval: every 18th record) from 2015-2020, in Ubakala-USmuahia 

PHC, a total of 206 birth records.  

The inclusion criteria for enrollment of birth records included: 

1. Singleton birth 

2. Case notes from 2015-2020 

3. Maternal age between 15 and 49 years 

The criteria for excluding birth records from the study included: 

1. Caesarean section 

2. Referral to a secondary health facility for further obstetric care 

3. Incomplete demographic information 

 

Data collection took place between 1stFebruary and 31th May 2021. Systematically selected 

birth records were scrutinized for birth outcomes parameters in the most recent birth. Data 

was extracted using the data extraction sheet. The outcomes of the data extractedinclude 

duration of pregnancy, birth status, birth weight, and birth defect.  

 

Ethical considerations 

This study was approved by the Institutional Review Board of the University of Port Harcourt 

(Approval ID: UPH/CEREMAD/REC/MM75/018). Administrative permission was obtained 

from The Primary Health Care Management Board for Rivers and Abia States. Participant’s 

birth records were de-identified and kept anonymous throughout the period of data collection. 

All collected data was protected and used only for the approved academic purpose. 
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Characteristics of Participants 

Table 1 

Background characteristics of participants    N = 412 

Category Exposed group 

(Eleme, n = 206) 

Non-exposed group 

(Ubakala, n = 206) 

χ2 p 

 Mean (SD) f (%) Mean (SD) f (%)   

Maternal Age     4.02 0.134 

16-25 years  22 (10.7)  28 (13.6)   

26-35 years  115 (55.8)  127 (61.6)   

36-45 years  69 (33.5)  51 (24.8)   

Mean 32.8 (6.3)  31.6 (5.9)    

Parity Status     3.58† 0.058 

Primigravida  54 (26.2)  38 (18.4)   

Multigravida  152(73.8)  168 (81.6)   

Occupation     7.97 0.093 

Unemployed  57 (27.7)  49 (23.8)   

Farmer  96 (46.6)  87 (42.2)   

Civil servant  11 (5.3)  23 (11.2)   

Trader  19 (9.2)  29 (14.1)   

Factory worker  23(11.2)  18 (8.7)   

† Fisher exact test, SD = standard deviation, f = frequency, % = percent; p < 0.05 = significant 

Table 1 showed that participants in the exposed group and the non-exposed group were 

similar in many characteristics such as maternal age, parity status, and occupation (p > 0.05).  
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Research Question 1: What are the birth outcomes in exposed pregnancies in facilities near 

Eleme refinery? 

 

Table 2 

Birth outcomes in exposed pregnancies between 2015 and 2020N = 206 

Categories f % 

Gestation   

Preterm (< 37 weeks) 27 13.1 

Term (37 – 40 weeks) 179 86.9 

Birth status   

Live birth 194 94.2 

Still birth 12 5.8 

Birth weight   

Low Birth Weight (< 2.5 kg) 34 16.5 

Normal Birth Weight (≥ 2.5 kg) 172 83.5 

Congenital abnormality   

Present 13 6.3 

Not –present 193 93.7 

f = frequency, % = percent 

Table 2 revealed that the participants in the exposed group had approximately 13% of 

preterm babies, 5% of stillbirths, 16% low birth weight babies, and 6% congenital 

abnormalities. 
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Question 2: What are the birth outcomes in non-exposed pregnancies at facilities in Ubakala-

Umuahia? 

 

Table 3 

Birth outcomes in non-exposed pregnancies between 2015 and 2020N = 206 

Categories f % 

Gestation   

Preterm (< 37 weeks) 12 5.8 

Term (37 – 40 weeks) 194 94.2 

Birth status   

Live birth 199 96.6 

Still birth 7 3.4 

Birth weight   

Low Birth Weight (< 2.5 kg) 18 8.7 

Normal Birth Weight (≥ 2.5 kg) 188 91.3 

Congenital abnormality   

Present 2 1.0 

Not –present 204 99.0 

f = frequency, % = percent 

Table 3 revealed that the participants in the non-exposed group had about 5% of preterm 

babies, 3% of stillbirths, 8% of low birth weight babies, and 1% of congenital abnormalities. 

 

Research Question 3: what is the difference in birth outcomes between exposed and 

unexposed groups? 

Research question 3 was answered by testing the following hypotheses “There is no 

significant difference in maternal birth outcomes between exposed and unexposed groups” 

and “There is no significant difference in newborn birth outcomes between exposed and 

unexposed groups”. 

 

Hypothesis 1 

Ho: There is no significant difference in maternal birth outcomes between exposed and 

unexposed groups. 
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Table 4 

Comparison of maternal birth outcomes between exposed and non-exposed pregnancies 

between 2015 and 2020        N = 412 

Categories Exposed 

(Eleme) 

n = 206 

Non-exposed  

(Ubakala)  

 n = 206 

fisher RR(95%CI) p 

 f f    

Gestation   6.37 2.25 (1.17 – 4.31) 0.012* 

Preterm (< 37 weeks) 27 12    

Term (37 – 40 weeks) 179 194    

Birthstatus   1.38 1.71 (0.68 – 4.26) 0.240 

Still birth 12 7    

Live birth 194 199    

* Significant difference between groups, f = frequency, RR = Relative Risk, p < 0.05 = significant 

Table 4 demonstrated that there was a significant difference in duration of pregnancy 

(gestation) between participants in the exposed and non-exposed groups (p = 0.012). The risk 

of having preterm birth was two times more in the exposed group compared to the non-

exposed group. 

 

Hypothesis 2 

Ho: There is no significant difference in newborn birth outcomes between exposed and 

unexposed groups. 
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Table 5 

Comparison of infant birth outcomes between exposed and non-exposed pregnancies between 

2015 and 2020        N = 412 

Categories Exposed 

(Eleme) 

n = 206 

Non-exposed  

(Ubakala)  

 n = 206) 

fisher RR(95%CI) p 

 F f    

Birth weight   5.63 1.89 (1.10 – 3.23) 0.018* 

Low Birth Weight (< 2.5 kg) 34 18    

Normal Birth Weight (≥ 2.5 kg) 172 188    

Congenital abnormality   8.37 6.50 (1.49 – 28.44) 0.004* 

Present 13 2    

Not -present 193 204    

* Significant difference between groups, f = frequency, RR = Relative Risk, p < 0.05 = significant 

Table 4.5 showed that there was a significant difference in birth weight (p = 0.018) and 

congenital abnormality (p = 0.004) between the exposed group and non-exposed groups. 

Participants in the exposed group had about 89% increased risk of having low birth weight, 

and about 6 times the risk for congenital abnormality compared to participants in the non-

exposed group. 

 

Discussion 

This study found that the exposed group had roughly 13% preterm births, 5% stillbirths, 16% 

low birth weight newborns, and 6% congenital abnormalities. The findings of this study did 

not support an Iranian study which found a prevalence of 0.57% for low birth weight and 

3.8% for preterm birth (Sarizadeh et al., 2020). The dissimilarity in findings could be linked 

to the dismimilarity in years from which data was drawn. The Iraninan study utilized data 

from 10 years (2008 – 2018), whereas the present study utilized data from 6 years (2015 – 

2020). Based on the logic that 10 years provides a larger data diversity compared to a 6 years, 

the dissimilarity in findings was expected. Additionally, the Iraninan study utilized data from 

a referal tertiary centre, but this study draw data from primary health care facilities. Based on 

the argument that referal centres have more advanced medical technology compared to the 

primary level centres, the dissimilarity in findings was expected. In contrast, this finding 

corroborates a Chinese study that found the prevalence of preterm births to be 14.5% (Liu et 

al, 2018). The similarity in findings could be linked to the similarities in the area of study.  

On the one hand, the Chinese study drew its sample from Ningbo which is a highly 

industrialized area that drives on fossil fuel and has high particulate matter (PM) pollution. 

On the other hand, the exposed group in this study is drawn from Eleme which is a fossil fuel 

refining area with high levels of particulate matter pollution above WHO recommendation. 

Based on the identified similarity in the area of study, similar results in birth outcomes were 

expected. Furthermore, this study corroborates an American study which found a prevalence 

of 14.1% for preterm births, but a lower prevalence of 10.1% for low birth weight births 

(Cushing et al., 2020). The dissimilarity in findings could be linked to sample size utilized for 
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the study. Where the American study utilized 23,487 birth records, this present study utilized 

206 birth records from the exposed area. The wide gap between sample sizes explains finding 

more low birth weight cases in Cushing et al., (2020). 

This study also found that the non-exposed group had roughly 5% of preterm births, 

3% of stillbirths, 8% of low birth weight newborns, and 1% of congenital abnormalities. The 

findings of this study is lower than that reported in an American study which found a 

prevalence of 10.5% for preterm births and 10.3% for low birth weight births (Cushing et al., 

2020). The dissimilarity in findings could be linked to genetic differences between the USA 

population and the Nigerian population sampled. Defranco et al (2016) noted that some 

genetic differences influence birth outcomes between non-Hispanic black, non-Hispanic 

white and Hispanic people. The American study sampled a mix of Hispanic and Caucasian 

participants which is quite different from the completely African population sampled in this 

study. The findings of this study was lower than figures reported in another American study 

which found a prevalence of 8.4%, 14.1%, and 0.4% for preterm birth, low birth weight and 

stillbirths (Whitworth et al., 2017). The dissimilarity in fndings could be linked to the idea 

that the non-exposed group in the American study were sampled from an area about 16 km 

from the pollution source. Extrapolating that to this study, that location will fall into our 

exposed group criteria. This study sampled from a location not less than 100 km from the 

source of pollution, hence dissimilarities in findings were expected.  

Concerning maternal birth outcomes, this study found a significant difference in 

pregnancy duration (gestation) between exposed and non-exposed participants (p = 0.012). 

The risk of preterm birth was two times as likely in the exposed group than in the non-

exposed group. Regarding infant birth outcomes, this study discovered a significant 

difference in birth weight (p = 0.018) and congenital abnormalities (p = 0.004) between the 

exposed and non-exposed groups. When compared to the non-exposed group, participants in 

the exposed group had an 89% higher risk for low birth weight and a 6 folds higher risk for 

congenital abnormalities. This finding corroborates a yet another American study which 

reported thatexposure to Particulate Matter (soot)  greater than WHO recommended levels 

within 10km from ambient air pollution source did increase the risk of preterm birth by 19% 

(p = <0.001) (Defranco et al., 2016). The similarity in findings could be linked to the design 

utilized in the study. Both this present study and the American utilized a retrospective cohort 

study design. Based on this, results were expected to be similar. More so, it may be vital to 

state here that the estimated risk in the American study was lower than was found in this 

study. This could be linked to dissimilarities in sampling methodology. This study utilized 

systematic selection of records, whereas the American study utilized a simple random 

selection. Compared to systematic sampling, simple random selection is more robust at 

minimizing systematic bias (Polit & Beck, 2020). The findings of this study was in line with 

an American study which  reported that  There were significant associations between women 

residing within 5km to Gas wells and low birth weight (p = < 0.001). The similarity in 

findings could be linked to thestatistical method utilized for hypotheses testing (Cushing et 

al., 2020). Both this present study and the American study utilized the chi square based non-

parametric statistical tool for test of hypotheses. In contrast to parametric statstical 

hypotheses testing tool, the non-parametric statistical tools are not very sensitive to very 

small changes in parameter values. 
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Conclusion 
In conclusion, the risk for adverse birth outcomes was 2 folds for preterm birth, 2 folds for 

low birth weight, and 6 folds for congenital abnormalities higher in the exposed group 

compared to the non-exposed group. 

 

Recommendations 
The following recommendations were made: 

1. More studies on the toxicological effect of air pollution on birth outcomes, using a 

prospective design is called for by researchers. 

2. The government and other stake holders should encourage off-shore fossil fuel 

refining 

3. Public health policy makers and governments should regulate the emission of 

Particulate Matter which is incriminated as a major cause of air pollution. Any 

pollution taxes paid by emitters should be repurposed for community upgrade and 

resettlement further away from pollution source. 

4. The government should be proactive at promulgating policies that are geared towards 

the reduction of Particulate Matter emissions. 

 

References 

Abbey, M., Oloyede, O., Basey, G., Kejeh, B., & Otaigbe, B. (2017). Prevalence and pattern 

of birth defects in a tertiary health facility in the Niger Delta area of Nigeria. 

International Journal of Women's Health, 9(1), 115-121. 

https://doi.org/10.2147/IJWH.S108905. 

Alligood, M. (2017). Nursing theorists and their work, 9th ed. Elsevier. 

Charan, J., & Biswas, T. (2013). How to calculate sample size for different study designs in 

medical research. Indian Journal of Psychological Medicine, 35(2), 121-126. 

https://doi.org/10.4103/0253-7176.116232. 

Cushing, L., Vavra-musser, K., Chau, K., Franklin, M., & Johnston, J. (2020). Flaring from 

unconventional oil and gas development and birth outcomes in the Eagle Ford Shale 

in South Texas. Environmental Health Perspectives, 128(7), 077003. 

https://doi.org/10.1289/EHP6394. 

Defranco, E., Moravec, W., Xu, F., Hall, E., Hossain, M., Haynes, E., Chen, A. (2016). 

Exposure to airborne particulate matter during pregnancy is associated with preterm 

birth: a population-based cohort study. Environmental Health, 15(1), 6. 

https://doi.org/10.1186/s12940-016-0094-3. 

Ede, P., & Edokpa, D. (2015). Regional air quality of the Nigeria’s Niger Delta. Open 

Journal of Air Pollution, 4(1), 7-15. http://dx.doi.org/10.4236/ojap.2015.41002. 

Fitzpatrick, J., & McCarthy, G. (2014). Theories guiding nursing research and practice: 

making nursing knowledge developement explicit. Springer. 

Girum, T., & Wasie, A. (2017). Correlates of maternal mortality in developing countries: an 

ecological study in 82 countries. Meternal Health Neonatology & Perinatology, 3(1), 

9. https://doi.org//10.1186/s40748-017-0059-8. 

Guo, C., Zhang, Z., Lau, A., Lin, C., Chuang, Y., Chan, J., Lao, X. (2018). Effect of long-

term exposure to fine particulate matter on lung function decline and risk of chronic 

obstructive pulmonary disease in Taiwan: a longitudinal, cohort study. The Lancet 

Planetary Health, 2(3), e114-125. https://doi.org/10.1016/S2542-5196(18)30028-7. 

Harville, E., Shankar, A., Zilversmit, L., & Buekens, P. (2017). Self-reported oil spill 

exposure and pregnancy complications: The GROWH study. International Journal of 



Journal of Health, Applied Sciences and Management, 8(1), November, 2024 
 

- 132 - 

 

Environmental Research and Public Health, 14(1), 692. 

http://doi.org/10.3390/ijerph14070692. 

Khan, M., Mustagir, G., Islam, R., Kaikobad, S., & Khan, H. (2019). Exploring the 

association between adverse maternal circumstances and low birth weight in neonates: 

a nationwide population-based study in Bangladesh. BMJ Global Health, 10(10), 

e036162. http://dx.doi.org/10.1136/bmjopen-2019-036162. 

Kim, Y., Song, I., Kim, K., Kim, M., Sung-hoon, C., Choi, Y., & Bae, C. (2019). Maternal 

exposure to particulate matter during pregnancy and adverse birth outcomes in the 

Republic of Korea. International Journal of Environmental Research and Public 

Health, 16(4), 633. https://doi.org/10.3390/ijerph16040633. 

Lamichhane, D., Leem, J., Lee, J., & Kim, H. (2015). A meta-analysis of exposure to 

particulate matter and adverse birth outcomes. Environmental Health and Toxicology, 

30(1), e2015011. 

Liu, W., Yu, Z., Qiu, H., Wang, J., Chen, X., & Chen, K. (2018). Association between 

ambient air pollutants and preterm birth in Ningbo, China: a time-series study. BMC 

pediatrics, 18(1), 305. https://doi.org/10.1186/s12887-018-1282-9. 

Liu, Y., Xu, J., Chen, D., Sun, P., & Ma, X. (2019). The association between air pollution and 

preterm birth and low birth weight in Guangdong, China. BMC Public Health, 19(1), 

3. https://doi.org/10.1186/s12889-018-6307-7. 

Oghenetega, O., Ojengbede, O., & Ana, G. (2020). Perception deteminants of women and 

healthcare providers on the effects of oil pollution on maternal and newborn outcomes 

in the Niger Delta, Nigeria. International Journal of Women's Health, 12(1), 197-205. 

Petit, P., Fine, D., Vásquez, G., Gamero, L., Slaughter, M., & Dasse, K. (2017). The 

pathophysiology of Nitrogen Dioxide during inhaled Nitric Oxide Therapy. ASAIO 

Journal, 63(1), 7-13. https://doi.org/10.1097/MAT.0000000000000425. 

Polit, D., & Beck, C. (2020). Nursing research: generating and assessing evidence for 

nursing practice, 11ed. Wolters Kluwer. 

Rose, J., Wang, L., Xu, Q., McTiernan, C., Shiva, S., Tejerio, J., & Gladwin, M. (2017). 

Carbon monoxide poisoning: pathogenesis, management, and future directions of 

therapy. American Thoracic Society, 195(5), 596-606. 

Sarizadeh, R., Datoorpoor, M., Goudarzi, G., & Simbar, M. (2020). The association between 

air pollution and low birth weight and preterm labor in Ahvaz, Iran. International 

Journal of Womens Health, 12(1), 313-325. https://doi.org/10.2147/IJWH.S227049. 

Seabrook, J., Smith, A., Clark, A., & Gilliland, J. (2018). Geospatial analyses of adverse birth 

outcomes in southwestern Ontario: Examining the impact of environmental factors. 

Environmental Research, 12(1), 68. https://doi.org/10.1016/j.envres.2018.12.068. 

Shepherd, M., Haynatzki, G., Rautianen, R., & Achutan, C. (2015). Estimates of community 

exposure and health risk to sulfur dioxide from power plant emissions using short-

term mobile and stationary ambient air monitoring. Journal of the Air & Waste 

Management Association, 65(10), 1239-1246. 

https://doi.org/10.1080/10962247.2015.1077174. 

Smith, M. (2019). Nursing theories and nursing practice, 5th ed. FA Davis. 

Smith, R., Beevers, S., Gulliver, J., Dajnak, D., Fecht, D., Blangiardo, M., . . . Toledano, M. 

(2020). Impacts of air pollution and noise on risk of preterm birth and stillbirth in 

London. Environment International, 134(1), 105290. 

https://doi.org/10.1016/j.envint.2019.105290. 

Soma-pillay, P., Nelson-piercy, C., Tolppanen, H., & Mebazaa, A. (2016). Physiological 

changes in pregnancy. Cardiovascular Journal of Africa, 27(2), 89-94. 

https://doi.org/10.5830/CVJA-2016-021. 



Journal of Health, Applied Sciences and Management, 8(1), November, 2024 
 

- 133 - 

 

Tran, K., Casey, J., Cushing, L., & Morello-frosch, R. (2020). Residential proximity to oil 

and gas development and birth outcomes in California: a retrospective cohort study of 

2006-2015 births. Environmental Health Perspectives, 128(6), 67001. 

Whitworth, K., Marshall, A., & Symanski, E. (2017). Maternal residential proximity to 

unconventional gas development and perinatal outcomes among a diverse urban 

population in Texas. PLoS One, 12(7), e0180966. 

https://doi.org/10.1371/journal.pone.0180966. 

World Health Organization. (2017). WHO releases country estimates on air pollution 

exposure and health impact. WHO factsheet. 

World Health Organization. (2018). Ambient (outdoor) air pollution. WHO factsheet. 

Wylie, B., Coull, B., Hamer, D., Singh, M., Jack, D., Yeboah-antwi, K., . . . Macleod, W. 

(2014). Impact of biomass fuels on pregnancy outcomes in central East India. 

Environmental Health, 13(1), 1-9. 

Yakubu, O. (2018). Particle (soot) pollution in Port Harcourt Rivers State, Nigeria—double 

air pollution burden? understanding and tackling potential environmental public 

health impacts. Enviroments, 5(1), 2. https://doi.org/10.3390/environments5010002. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 


