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Due to the increased number of diseases observed in the last decades, that can be associated with air
pollution, the implementation of health impact assessments of urban pollution is necessary to transpose
the results of this assessment in regional and national policies in order to reduce their impact on human
health. The main objective of this paper was to assess the air pollution health impact in Targoviste city
(Dambovita County) by creating an interactive interface based on virtual instrumentation and relational
database management systems. The application allows the integration of information from different sources,
data processing and validation, automatic evaluation of air pollution health impact assessment and the

visualization of the interest parameters.
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From the outset the EU’s policy on environmental
protection took into account the health impact. Many
environmental and health problems have been solved, but
more needs to be done, especially regarding the health
implications of chronic exposures, as pointed out by the
European Environment Agency [1], the World Health
Organization [2] and other national organizations [3]. They
have shown that the interactions between environment
and health are far more complex than it is generally
understood. Thus, it was not given sufficient attention to
the interaction that may occur between different pollutants
inside the human body and in the environment. Even at
relatively low levels of exposure, over long periods of time,
there is a so-called cocktail effect of various pollutants
from air, water, food, consumer products and construction
that can dramatically affect the human health.

The assessment and management of varied and
emerging risks that can influence human health, inherent
in a modern society, is an extremely complex and crucial
task that can improve the quality of life of all citizens and
protect public health.

The issue of environment and health is characterized by
multi-causality with different modes of association
according to Directorate General for Health and Food Safety
of European Commission [1,4]. This means that the links
between exposures and their health consequences depend
on environmental pollutants and the diseases considered,
but are also influenced by factors such as: genetic
constitution, age, nutrition, lifestyle and socioeconomic
factors such as poverty and education.

Currently, the health risks related to air pollution are
determined more precisely, especially for short-term
effects. This is due to the large number of experimental
and epidemiological studies that have been made public
in last decades [5-11]. These allow establishing the role of
atmospheric pollution in the development or exacerbation
of a wide range of health symptoms ranging from early
mortality to increased cardio-respiratory diseases.

These studies revealed that, in the absence of a
threshold, adverse effects of pollution are observable for
exposure levels well below the European guidance or the
internationally regulated thresholds adopted so far.

* email: bontosmarius@gmail.com; Phone: (+40)744344593

1854 http://www.revistadechimie.ro

The problem is not whether air pollution is responsible
for the adverse effects on health, but to be able to better
quantify the importance of its health impact.

Therefore, the health impact assessment (HIA) of air
pollution is an operational risk management, to the extent
that, the result of a measurement of impact based on the
best knowledge currently available is more reproducible
and more transparent than a judgment based on arbitrary
assumptions.

In this context, in 1997 the French Institute of Health
Surveillance (InVS) has implemented a model of
epidemiological surveillance in nine French cities in order
to quantify and monitor the relations between urban
pollution and the short term health effects [12, 13]. This
model was improved constantly, being expanded to 26
cities in 12 European countries [14, 15]. Based on this
supervisory model we were able to use the methodology
of evaluation for health impact of air pollution on a local
scale, as shown in this paper.

Nowadays, the use of modern computer technology for
environmental monitoring involves data acquisition,
processing and validation, relational database
management systems, virtual instrumentation and
geographic information systems (GIS).

Due to the increased number of environmental related
diseases observed in the last years in Targoviste city
(Dambovia County), an interactive interface was created
and used for air pollution health impact assessment using
the above mentioned technologies. This application was
used in order to promote efficient measures for
environmental protection and public health.

Experimental part

According to the 2010 report of the Public Health
Department of Dambovia County [16] the overall mortality
has increased from 11.52%o inhabitants in 2009 to 12.11%o
inhabitants in 2010, the leading causes of death being
cardiovascular diseases and malignant tumors that
preserved the growing trend towards the last five years.

Generally, higher pollution, stress, unhealthy and
insufficient diet were important factors that affected
human health, which led to a higher rate of malignancies.
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A health impact assessment (HIA) can be implemented
in urban areas where human exposure to air pollution can
be properly assessed and considered homogeneous. This
involves in particular the existence of a surveillance
network that reliable measures air quality for at least one
year. The assessment assumes that no major sources of
air pollution are included and also the population is present
most of the time in the studied area.

The first step in health impact assessment is the
delimitation of study area based on geographic position,
population and the identification of pollution sources.

The area chosen for the assessment of air pollution
health impact was Targoviste city (fig. 1), which fulfills the
criteria mentioned above.

Fig.1. The selected area - Targoviste city

In order to meet the assumption of a homogenous
quality of ambient air in the chosen clutter, only urban areas
including city center were retained, excluding peripheral
municipalities separated from the town by a green belt.
For area selection, besides knowing natural land, GIS maps
and aerial photographic images were used to assess the
continuity of the urbanization.

According to the National Institute of Statistics [17], on
1 January 2010 resident population of Dambovita County
has been estimated to 537994 people, of which 97151
being residents in Targoviste city. The population density
within the county was 131 inhabitants / km?, the highest
being recorded in Targoviste (1416 persons / km?).

Beside traffic, major sources of air pollution with
significant impact are located within the city industrial
platform (fig. 2), the main polluting activities being:
metallurgy, chemical industry, machine and equipment
building industry, food industry, oil industry etc.

In the selected area there is only one automatic
measurement station belonging to the National Network
for Monitoring Air Quality (DB-1). Its location can be seen
in figure 2.

Within this network, air quality is represented by a general
index based on specific indices for each measured

Fig.2. Representation of the principal sources of industrial
pollution using GIS technology
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pollutant. For its calculation, at least three specific indexes
must be available. General and specific indexes are
represented on a six unit scale, 1 being excellent and 6
very bad [18].

Based on the following values of general parameter of
daily air quality for DB-1 station [19] (fig. 3), air pollution
impact on life quality can be assessed as significant in the
chosen area.

The second step of air pollution health impact
assessment was exposure estimation which consisted in
determining the average of the collected data from the
area where the population lives. Estimation of population
exposure is based on the assumption that the daily averages
are a good approximation of the daily individual exposure
averages.

Thus, for each pollutant (sulfur dioxide, nitrogen dioxide
ozone and particulate matter) it was necessary to create
an average exposure indicator, which involved: selecting
the stations, collecting data from surveillance network,
determining the study period and calculating the exposure
indicators.

Data collection on air quality was performed using an
automatic data acquisition system based web crawling /
web spidering technology [20].

For the selected measurement station (DB-1) and for
each acquired pollutant, several information were acquired
and stored in a relational database: name and location of
the station, measuring period, station type, measuring
technigue and sensor’s downtime.

In order to validate the values acquired from the station
belonging to the National Surveillance Network on Air
Quiality, a graphical representation module was created
for daily averages, which allows observing any
abnormalities. Hourly averages (24 h) were collected and
daily averages were calculated for all pollution indicators,
excepting ozone which was calculated for the schedule
9:00 -17:00.

The daily averages were calculated by applying the rule
of 75%: the daily average represents the arithmetic average
of hourly values measured from 0 until 23 h when at least
18 (75%) of the hourly values are available. Otherwise, the
daily value is considered invalid.

The selected period for health impact assessment
depended on data availability. In this case, data acquisition
began in September 2009. Although there have been short
periods of time for which data have not been acquired,
data acquisition period has been extended until reaching
minimum one year or two tropical seasons (from 1 of
April to September 30 for the summer season, from 1% of
October to March 31 for winter). The same period of study
has been used for all pollution indicators.

The availability period for nitrogen dioxide can be seen
in the figure 4.

The gaps that can be seen in figure 4 (13.11.2009-
24.11.2009, 26.12.2009-03.01.2010 etc.) are due to sensors
malfunction, website or data acquisition server downtime.
These short periods have been completed by extending
the data acquisition so as to cover the time needed for
health impact assessment.

For each pollutant an exposure indicator has been
calculated as arithmetic mean of the daily measurements
recorded by the selected station. The daily mean distribution
of nitrogen dioxide indicator is presented as histogram
using two classes of exposure: class 1 (step of 1pug/m® -
fig. 5) and class 10 (step of 10ug/m®).

It was also necessary to calculate the minimum, the
average and the maximum values and percentiles of 5, 25,
50, 75 and 95 of the daily average for each pollutant
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Fig.3. General parameter of daily air quality for
DB-1 station
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Fig.5. The daily mean distribution (class 1) of nitrogen dioxide

Table 1
STATISTICAL DATA FOR
SELECTED POLLUTANTS

INN28535922383
2 8 88 3 28 g 9 85 8 g T EE PR EE
g 8 443 8838 85 8§ 8 g/
L i S o S o e T T S i S A
Fig. 4. The availability period for nitrogen dioxide indicator for all the period
Stati No.
f]‘];'}“ Pollutant | of | Min. | Max. | Average| P5 | P25 | P50 | P75 | P95
days
SOz 360 1.02 11378 18.60 372 | 1306 | 1807 | 2286 | 34.19
SO2 179 1.07 4220 18.71 6.80 | 1440 | 1790 | 22.69 | 32.30
SUMUNer
5.02 181 1.02 | 113.78 18.50 264 | 1149|1842 (2290 36.25
winter
NOy 359 9.64 | 100.03 2778 | 1317|1845 | 23.71 | 31.90 | 57.10
NO2 179 10.33 35.89 21.26 13.16 | 16.89 | 20,13 | 2512 | 3225
SUMUNer
DB-01 [~ o,
. 180 9.64 | 100.03 3425 1318 | 21.67 | 2943 | 4236 | 70.76
winter
PMp 290 1.11 14436 20.30 261 | 961 | 1738 (2441|4426
PMig 148 1.11 36.06 13.55 193 | 577 | 1410|2055 | 24.10
SUMUNer
P.Mm 142 1.70 | 14436 27.34 6.27 | 13.60 | 23.38 | 32.68 | 74.03
winter
O: 179 1242 | 9794 5408 | 3255|4402 543263767635
SUIMTUTIET

considered, taking into account the distribution of values for the two seasons (table 1).

The third step consists in health data collection and establishing relative risk. At this stage, it is necessary to have health
statistics which refer to mortality at all ages and in all cases (except accidentally) for the study area and for each season
of the study period (table 2).

Total Total
0-14 | 1564 | 64 | morality | 0-14 | 15:64 | >64
CLASS CODE ;:';f_' Vears | years | years a0 Vears years | years
- inhabitants: Table 2
ey T | s 1 4 | 23 0.29 008 | 006 | 3.03 TOTAL,
.- - RESPIRATORY,
ARDIOVASCULARY | 100- | 1. ,
SYSTELL oo | 306 0o | s | 24 3.47 000 | 120 |3008| CARDIOVASCULAR
>fwhich: CARDIAC | 100- q ) AND CARDIAC
MORTALITY 5 | 17 0o | s | 120 2.02 000 | 085 | 1615 MORTALITY
TOTAL 606 8 | 222 | 3m 6.87 0.67 | 322 | 50.66
s“m“ﬁgﬂﬁmh ] 308 4 | 114 | 191 3.49 029 | 163 | 2562
“'mte}féiip;f;'b“ ] 298 4 | 108 | 186 3.38 038 | 157 |25.04
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Fig. 6. Input data window of
Labview health impact assessment
application
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Fig. 7. Health impact assessment
results for nitrogen dioxide

Fig.8. Programming window of
Labview health impact

assessment application

The main supplier of data on mortality is the National
Institute of Public Health through its county departments.
For the selected area, data on the medical causes of death
according to the International Classification of Diseases
(ICD) established by WHO were provided by the Public
Health Department Da&mbovia. The name and the official
geographic code of the studied area have been gathered
along with the periods (corresponding to tropical seasons),
mortality cause (code ICD 9 <800; CIM 10: S00-X59: all
causes of death, without accidental ones) and the number
of cases (table 2).

The last step was to implement the calculation model
proposed by the French Institute of Health Surveillance
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(InVS) [11-15] in an interactive application built using visual
instrumentation and database management systems.
Thus, National Instruments LabVIEW graphical
programming software was used for application
development and Microsoft SQL Server Express for
database management. The application interface consists
in two different parts: one for health data input and air
pollution database connection (fig. 6) and the other for
health impact assessment results for each considered
parameter (fig. 7). For each calculation step like daily mean
distribution, season distribution, statistical calculation and
the number of cases attributable to a level of pollution, it
was necessary to create separate modules namely subVi's
(fig. 8). By linking these modules the created application
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Table 3
SHORT-TERM HEALTH IMPACT ASSESSMENT FOR NITROGEN DIOXIDE POLLUTION

RESULTS Conzidered perod
Mo. of cases IC 55%
Seenario 1: Mumber of cazes attributabla compared to a low level of pellution: ug]-E-‘ﬂj 10,72 T48-1357
Scenario 2: Health gain attnibutabls to 2 suppression of pollution levels abova: H;‘E-'ﬂj L46 L.02- 150
Seanario - Health gam achisved for anmial average exposure redocad by 23% u;in’ 4.12 1580.5135

allows the health impact assessment for studied area and
for each acquired pollution indicator.

Results and discussions

Health impact assessment was carried out for each
exposure indicators (sulfur dioxide, nitrogen dioxide ozone
and particulate matter) and for each scenario.

The results of the health impact assessment for nitrogen
dioxide pollution are presented in table 3.

For the first scenario, it can be concluded that, if the
mean value of pollution for each day of the studied period
would have been 10 pg/mé or less, about 11 deaths could
have been avoided, confidence interval limits being around
7 and 14 deaths.

40% -

35%

The distribution graphic of daily exposure classes and
the health impact associated to each class is represented
in figure 9.

Comparative efficiency of different scenarios has been
illustrated by graphical form. Health gain and therefore
acceptable risk is presented as chart bars (fig. 10).

According to the chart presented in figure 10, one can
see that, the number of deaths avoided for scenarios 2 and
3 is much lower compared to scenario 1, being
approximately one case for scenario 2 and 4 cases for the
third one.

The results of the health impact assessment for ozone,
sulfur dioxide and particulate matter less than 10um
pollution are presented in tables 4 to 6.
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Scenario 3 Expected health gain
Fig.10. The number of cases avoided in scenarios 2
and 3 compared to scenario 1
Scenario 2 E:ptc;j! P
nealth
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Table 4
SHORT-TERM HEALTH IMPACT ASSESSMENT FOR OZONE POLLUTION
RESULTS Considered pericd
Mo. of cazes IC53%
Scenario 1: Mumber of cases atinbutakla compared to a low lavel of pollution: u:?m; L7= 0.75-2.51
Scenario 2: Health gam attributable fo 2 suppression of pollution levels above ulal_-i.'» 0 0
-
Seenario 3: Health zain achieved for ammual average exposura raduced by 23% I-l;;f L.52 0.65-2.17
Table 5
SHORT-TERM HEALTH IMPACT ASSESSMENT FOR SULFUR DIOXIDE POLLUTION
RESULTS Con=zidered period
Mo, of cazss IC 53%
Scenanio 1: Number of cases atmbutable comparad to a low leval of pollution: uzl,'!illf 6.24 1.83-987
Zeenanio 2: Health gaim attnbutable to 2 suppression of pellution levels abova ui'!:llrf 0.1= 0.07 - 0.23
Scenanio 3: Health pam achieved for anmmal average exposure reducad by 23% 25 ug'm’ 3.06 1.39-4.71
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Table 6
SHORT-TERM HEALTH IMPACT ASSESSMENT FOR PARTICULATE MATTER POLLUTION

RESULTS Considered pericd
Wo. of cazes IC 53%
Beenanio 1 Mumber of cases atinbutable comparad to a low level of polluticn: u;_F;ls 521 3.47-6.97
Scenario 2 Health gain attributable to 2 suppression of pellution levels above p:-?n‘* 1.72 1.14-2.30
Seenario 3: Health pam achieved for anmmal averape exposura reducad by 23% 25 pem 148 0.99_1.97

Conclusions

The designed application enables that, based on pollution
data, the daily number of events and the relative risk, one
can calculate the health impact for each pollution indicator,
for a season and for a given health effect, associated to the
studied area.

The number of deaths calculated in this health impact
assessement must be interpreted as an estimate of the
number of people who, over a period, have not diminished
life expectancy by the period corresponding to the
expectations.

Health impact assessment enables comparison of
health gain associated with different development
scenarios or reduction of emissions. It is also possible to
compare the impact of a reduction in daily levels of air
pollution that of a suppression of pollution points. In practice,
this allows to illustrate that a local management policy
which will concern only to avoid regulatory exceedances,
will have only a marginal impact in terms of public health
benefits.

Presenting the results as the number of cases avoided
under several options should allow a better consideration
of health impacts in decision making and should contribute
to fixing air quality objectives according to the public health
objectives.
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