
1
Corresponding author

megacity situated in the eastern coast of India. Because of

rapid industrialization, quality of life and purchasing power

of people has increased over the period of last 15 years. In

comparison to other megacities, motorization rate is very

high in Chennai. Vehicular population in Chennai has been

steadily increasing from 600,000 in 1992 to 1.3 million in

2001 to 3,881,850 as on 1/4/2013 ( Wikipedia, Transport in

Chennai, 14.10.2014). With a vehicular density of 2093

vehicle per kilometer on road, Chennai ranks highest among

Indian cities ( Times of India Newspaper report, dated

6.05.2015). There are extensive studies in developed

countries documenting the association between increasing

air pollution and adverse pregnancy outcomes [Brauer et al ,

2008], [Chang et al, 2012]. But in India there are very

limited data available regarding this aspect. So we have

collected the birth weight of the babies, air pollution indices

and vehicular density data, to study the trend in the low birth

weight and its association with air pollution indices over 14

years.

NOx and PM are the air pollutants most

frequently used as markers for vehicular pollution. Outdoor

NOx level can be easily measured and correlate well with

pollutants generated by traffic. Previous studies have shown

that particulate matter are more spatially homogenous and

outdoor level may serve as an index of personal exposure.
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Air pollution has been drastically increasing due to

rapid urbanization and motorization. Ambient particulate

matter in polluted air is one of the major health threats and is

found to be associated with cardiovascular diseases, lung

cancer, asthma and adverse pregnancy outcomes such as

preterm birth and low birth weight babies [Fleicher et al,

2014]. Chennai is the highly polluted city in eastern coast of

India with rapid explosion of vehicular population. Chennai

ranks fifth in carbon emission from the transport sector

among the 54 South Asian cities according to a study done

by the International Council for Local Environment

Initiative (ICLEI) (Wikipedia, Transport in Chennai,

14.10.2014).

In recent past a number of studies have focused on

relation of environmental pollution to birth outcome. Many

of the studies have found that exposure to air pollution

during antenatal period is related to low birth weight and

preterm birth, though cause and effect relationship is yet to

be established. Particulate matter in the air may cause

inflammation and oxidative stress leading to preterm birth

and low birth weight babies (Slama et al, 2008).

Many megacities in India like Delhi, Calcutta,

Lucknow, Chennai are highly polluted. Unfortunately there

are hardly any attempt made to find out the impact of air

pollution on birth weight. Chennai is a rapidly growing

VEHICULAR POPULATION EXPLOSION: AIR POLLUTION EXPOSURE DURING

PREGNANCY AND LOW BIRTH WEIGHT

R. RAJESWARI  , DEBBARMAN BINAYAK , S.O.SHARADHA , K.RAMYA AND S. RAJESWARI
1a b c d e

a

b

cde

Department of Obstetrics and Gynaecology, Chief Medical Officer, ESIC Hospital, K.K. Nagar, Chennai, TamilNadu, India

Department  Obstetrics and Gynaecology, Specialist Grade1, ESIC Hospital, K.K. Nagar, Chennai, TamilNadu, India

Department Obstetrics and Gynaecology, Senior Resident,ESIC Hospital, K.K. Nagar, Chennai, TamilNadu, India

ABSTRACT

KEYWORDS :

Indian cities are highly polluted, there are very few Indian studies which try to correlate air pollution to low birth weight.
The aim of this paper is to examine the relationship between Nitrogen oxides ( NOx), Particulate matter (PM 10) and Low Birth
weight in a polluted coastal city of India. Information about low birth weight (< 2.5 kg) for both the sexes and air pollution data
mainly Nitrogen oxides and Particulate matter were collected. Increase in number of registered vehicles in Chennai was also
investigated. We compared our study result with other studies conducted in rural and semi-urban parts of Tamilnadu on Low birth
weight. PM 10 levels was much higher than WHO prescribed limit since the year 2000. Low birth weight rate is high in Chennai
when compared to other parts of Tamilnadu. However there is a significant decrease in Low birth weight rate during the study
period of 14 years.Amarginal increase in average weight at birth was also noted. When we compare our low birth weight rate with
the same in a rural and semi-urban population of Tamilnadu, we see that LBW rate in Chennai is almost two to three times higher.
Though a cause and effect relationship cannot be established from this observation we may safely conclude that a well designed
study is needed to confirm or refute this finding.
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Tamilnadu State Pollution Control Board (Annual Mean ).

Internet search was made and number of registered vehicle

in Chennai from 1992 to April 2013 was found out. Though

we could not delineate an area with a radius of few

kilometers from Air Monitoring Station ( AMS ) within

which all our patient resides, we are reasonably certain that

most of our study population lives within 8 10 kms ofAMS.

We presume that pollution exposure will be correctly

represented by the proximity of the house to AMS. We used

average of air monitoring data across various AMS as the

proxy of population exposure level to air pollution.

Birth weight depends on many demographic and

pregnancy related factors like race, age, maternal education,

nutrition, prenatal care, sex of the infants, pregnancy

complication etc. Many of them we were unable to control

because of missing data. However we collected data on

weight at birth and low birth weight from studies conducted

on similar population at other rural and semi-urban areas of

Tamilnadu .We compared high exposure area of Chennai

with other low exposure area. In addition we made a time-

series analysis to find out the effect of air pollution on birth

weight.

The information collected regarding all the

selected cases were recorded in a Master Chart. Data

analysis was done with the help of computer using

Epidemiological Information Package (EPI 2010)

developed by Centre for Disease Control, Atlanta. Using

this software range, frequencies, percentages, means and

standard deviations were calculated. Correlation coefficient

was calculated using Excel Software. If the value of 'r'

between two variables is than +/- 0.5 , then those two

variables are taken to be correlated.

Among the 19,223 deliveries, the average birth

weight of the babies was found to be 2.84 kilograms ( kg).

Year wise number of deliveries and parameters such as

parity and mode of delivery is shown in Table-1.Average

birth weight of male and female babies is 2.970 kg and 2.88

kg respectively. Percentage of low birth weight babies in the

Potential Confounders

Statistical Method

RESULTS

The object of our study is to find out what is the impact of

vehicular emission on Chennai environment and how it

affects the birth weight of comparatively poorer section of

the society in a developing country like India.

Our hospital is located in one of the busiest

intersection of Chennai with very high traffic density. It

mainly caters to the factory workers and families whose

income is less than Rs.15,000 per month. Almost the whole

study population live in Chennai Metropolitan area

presumed to be within a diameter of 20 kms from the

hospital. Patients living farther do not come to this hospital

for delivery. All the mothers in our study group had basic

education. Many are Graduates also. Though we don't have

any data about maternal smoking, but smoking by ladies in

this part of country is very uncommon. In our study

population 1.67% are less than 20 years and 1.95% are

above 35 years. Rest are within 20-35 years.

Labour room register from 1/1/2000 to 31/12/2013

was perused meticulously and data collected about birth

weight and sex of the baby. Twins were not included.

Number of study population was 19,223 mothers.

Outcome variable was birth weight in kilograms.

Birth weight was measured by the midwife or nurse who has

attended the delivery, immediately after birth. Sex of the

baby was also noted. Babies with ambiguous genitalia were

excluded. We defined low birth weight as less than 2.5 kg

which include Preterm, IUGR/ SGA.

Chennai has 5 air quality monitoring stations.

They are located within a distance of 2-16 kms from our

hospital in different directions. They measure SO , NOx ,

RSPM ( Respirable Suspended Particulate Matter ) less than

10 micron size. RSPM is equivalent to PM . We mainly

focused on NOx and PM ( RSPM) which are the main

pollutants of vehicular emission.

They monitor the air quality twice in a week, on

weekdays only, for 24 hours. Status of air quality in

Chennai city during 2000-2013 was collected from

METHODS

Study Design

Birth WeightAssessment

Assessment ofAir Pollution
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Table 1 : Yearwise Delivery Details

Year Total
deliveries

No.

2000 1594 685

2001 1464* 624

2002 1234 580

2003 1715 808

2004 1805 835

2005 1832 834

Table 2 : Ambiguous Cases Details

Year Mean Birth weight Low birth weight %

Male Female Total
2000 2.84 2.77 2.8 31.9

2001 2.86 2.8 2.83 28.6

2002 2.85 2.77 2.81 29.6

2003 2.85 2.77 2.81 28.3

2004 2.86 2.78 2.82 27.6

2005 2.89 2.77 2.83 26.1

2006 2.82 2.77 2.8 29.9

2007 2.87 2.79 2.83 27.7

2008 2.92 2.82 2.87 21.1

2009 2.93 2.79 2.86 23.4

2010 2.9 2.81 2.85 22.7

2011 2.94 2.89 2.92 18.0

2012 2.97 2.88 2.93 17.8

2013 2.97 2.88 2.93 16.3

Total 2.88 2.8 2.84 25.8
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2000 to 2013 is shown in the Table -3. The correlation

coefficient between PM 10 and low birth weight was -0.8.

The correlation between the air pollution indices and birth

weight is shown in Table -4. There is a small increase

observed in birth weight of both male and female babies

over the study period of 14 years.

Air pollution is a major but prevenatable health

threat. RSPM and NO x are the main parameters measured

DISCUSSION

year 2000 is 31.9% and it is declined to 16.3% in the year

2013. Average low birth weight over the 14 years period is

25.8 %. Average Birth Weight and Low Birth Weight of the

babies from the year 2000 is shown in Table-2. There is an

exponential rise of vehicular population over a period of last

20 years. Steady increase in RSPM / PM 10 from 67mcg/m

3 to 113 mcg/m 3 from the year 2000 to 2013 was

observed. Details of air pollution parameters and

percentage of excess prescribed over the Tamilnadu

Pollution Control Board ( TNPCB) standards from the year



Table 3 : Pollution Data Details

YEAR NO x

RSPM

(PM 10 )

% of Excess of over
prescribed standard of

TNPCB
Vehicle

strength
NO x

RSPM
(PM 10 )

2000 17 67 Nil 11

2001 18 69 Nil 15 1300000

2002 13 72 Nil 20

2003 14 60 Nil Nil

2004 20 68 Nil 13

2005 24 67 Nil 11

2006 25 62 Nil 3

2007 18 95 Nil 58

2008 23 133 Nil 121

2009 24 92 Nil 53

2010 21 91 Nil 51

2011 19 137 Nil 128

2012 19 119 Nil 98 37,60,000

2013 25 113 Nil 88 3881850

TNPCB values ( till 18/11/09)

PM     60 mcg/ m NO   - 60 mcg / m

After 18/11/09

PM     60 mcg/ m NO   - 40 mcg / m

10 x

10 x

3 3

3 3

Table 4 :  Correlation Between Environmental Pollution Parameters & Birth Variables During 2002-2013

Correlation Between Correlation Coefficient With

NOX RSPM % of Excess of RSPM Above Prescribed Standard
No. of birth 0.1184 -0.7652 0.0968

Male birth weight 0.3873 0.8299 -0.2319

Female birth 0.2174 0.8561 -0.3375

Total birth weight 0.3258 0.8679 -0.3046

% of low birth weight -0.4163 -0.8679 0.3841
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exchange of nutrients and gases resulting in oxidative stress

[Pederson et al., 2013]. Studies from USA and other

developed countries shows the association of PM and

preterm birth [Brauer et al 2008] [Chang et al., 2012],

although few other studies did not find any relation

[Wilhelm et al., 2012][Rudra et al , 2011]. But studies in

South Korea and China shows the association between PM

and preterm birth and low birth weight [Suh et al., 2009],

[Jiang et al., 2007], [Zhao et al , 2011].

Our study is a crude attempt where we wanted to

investigate the relationship of increase in vehicular

population with Chennai environment and its effect on the
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and are associated with various cardiovascular, pulmonary

hazards and adverse pregnancy outcome. In our study, the

observed annual mean levels of RSPM and NOx are 113

mcg/ m and 25 mcg / m respectively in the year 2013.

Though NOx levels were within the standard set up by

WHO and TNPCB , PM 10 levels were continuously higher

than the threshold value set up by these authorities. ( Refer

Table 3). The WHO guideline value for PM and NO are

20 mcg/ m and 40 mcg/ m respectively [WHO Air Quality

Guidelines, 2013]. Ambient air contains a dynamic mixture

of pollutants and are known to cause endocrine

disturbances, altered placental growth, decreased placental

3

3 3

3

10 2
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