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Dubnov J, Barchana M., and B.A. Portnov, Residential Proximity to Petroleum Storage Tanks
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D. and Portnov B.A. Application of the Double Kernel Density Approach to the Multivariate
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NIPA NON Y191 NrX2 1M1 5245 012NN NHLA QXM (010 My :X-1 NDD)
(0550 D'N2) NN 2"2AR-5N5% Nknwin2 2012

All Cases Rates Per 100,000

Lung NHL
Region Age & sex- Age & sex
Crude adjusted* Crude adjusted*
Haifa sub-
district 43.1 29.2 34.92 19.2
Tel-Aviv 49.8 38.3 19.53 13.6
Hadera 40.8 36.2 35.59 23.4
28.5 16.6

*adjusted for Israel population in 2012
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The method description is based on: Portnov B. A. and M. Zusman, Spatial Data
Analysis Using Kernel Density Tools, Encyclopedia of Business Analytics and
Optimization, 1% Edition, Ed. J. Wang, IGI Global Publishers, Hershey, Pennsylvania,
2014.

Introduction

Density analysis uses empirically recorded observations of some phenomenon or event
(such as home locations of business customers, crime spots or locations of past forest
fires) and transforms these observations into continuous surfaces of "event density."
Such surfaces show where the events of interest are concentrated geographically, thus
helping to analyze their underlying patterns (Silverman, 1986; ESRI, 2012).

The main advantage of density analysis, compared to other popular methods of
spatial smoothing (such as, spline, inverse distance weighted (IDW) method or kriging)
is that it can be used for a study of a spatial phenomenon that has no recorded
attributes, except for geographic location (Portnov, Dubnov, & Barchana, 2009).

In this appendix, we discuss the basic features of the density analysis method,
focusing, in particular, on the Double Kernel Density (DKD) approach.

Density analysis in empirical studies

In many business and research applications, there is a need to investigate the spatial
distribution of some events of interests, in order to identify their geographic "hotspots"
and to develop policy remedies, if required (see Table 1).

Thus, for example, in their study of the association between air pollution and lung
cancer in the City of Haifa, Israel, Portnov et al. (2009), used the density method for
a multivariate analysis of environmental and socio-demographic factors affecting lung
cancer risk. In the studies two analytical methods — calculation of age-standardized
rates (ASRs) for small census areas and density analysis — were compared. While AS
comparison across small census areas detected no significant association between air
pollution and lung cancer risk, density analysis helped to identify a significant
association between lung cancer incidence and SO; pollution, The authors of the study
demonstrated that density tools can be especially useful for the analysis of data that
have only X,Y coordinates, such as, e.g., residential locations of lung cancer patients.

In another recent study by Gonzalez-Olabarria, Brotons, Gritten, Tudela, & Teres
(2012), density analysis was used for the identification of regions in Spain with a
recurrent history of forest fires. With the help of KD tools, the researchers compared
the causes of ignitions and occurrence of hotspots. The analysis demonstrated that
ignitions in the region of Catalonia were not random, thus helping to concentrate future
firefighting efforts on specific "hotspots" of an elevated ignition risk.

TABLE 1: Examples of density analysis use in different scientific fields and
applications
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Scientific field Research application

Criminology Forecasting locations of future criminal and terrorist events
(Porter, & Reich, 2012)

Mapping the addresses of recorded crime events for the
identification of crime spots (Wolff, & Asche, 2009)

Environmental sciences  Estimating the conditional probabilities of the rainfall (Sharma,
2000)
Identification of regions with recurrent forest fires (Gonzalez-
Olabarria et al., 2012)

Forecasting wind power potential (Taylor, & Jeon, 2012)

Epidemiology and public  Identifying the association between disease density and
health studies environmental risk factors (Kloog, Haim, & Portnov, 2009;
Portnov et al., 2009; Zusman, Dubnov, Barchana, & Portnov,
2012)
Analysis of the distribution of alcohol outlets in residential
neighborhoods (Carlos, Shi, Sargent, Tanski, & Berke, 2010)

Marketing Analysis of the service area of a restaurant (Donthu, 1991)

Modeling the patterns of customer density aimed at locating
prospective new customers (Sliwinski, 2002)

Transportation Density analysis of recorded traffic accidents for understanding
their spatial patterns (Anderson, 2009; Xie, & Yan, 2008)

Space-time analysis of traffic trajectories of passenger ships
and tankers (Demsar, & Virrantaus, 2010).

Density analysis has been also widely used in criminology. Thus, Porter, & Reich (2012)
used KD estimations to forecast the locations of future criminal and terrorist events.
The researchers based their analysis on a temporally weighted KD model, used to
predict how much influence past events may have on predicting future event locations.
The analysis showed that forecasting quality tends to vary by the type of crime and
relatively little by time-series length.

Types of density estimates

There are two basic approaches to calculating density surfaces — /inear averaging and
kernel density (KD). In both methods, the areal density of geographically referenced
features (or events) is calculated for a neighborhood of a raster cell (pixel), which
"net" covers the entire area of interest. By way of this estimation, density is calculated
as the number of features or events located in each cell's predefined proximity range,
per unit of area (that is, per m? or km? or any other areal measure). To this end, a
circle is drawn around each raster cell, using some predefined search radius (see the
subsection on the "KD calculation”, for more detail). The number of features (or
events), which fall inside the circle, are then summed up, and the total number of
events is divided by the circle's area (Gatrell, Bailey, Diggle, & Rowlingson, 1996;
Silverman, 1986). KD estimates are calculated similarly, but according to this method,
points, lying near the center of a given raster cell, are weighted more heavily than
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those lying near its edge (McCoy & Johnston, 2001).

Figure 1 helps to illustrate differences between maps produced by two different
density methods - linear averaging (Fig.1A) and KD method (Fig.1B). In both cases,
the same geographic distribution of input points (events) is used, with these points
being marked by tiny black dots on the maps. In particular, as Figure 1 shows, the
calculated density surface, estimated using the linear averaging (Fig. 1A), appears to
be coarser and more dispersed then the surface obtained using KD estimates (Fig. 1B).

FIGURE 1: Density estimation using linear averaging (left) and kernel density (KD) smoothing (right)

High : 67.5
Low: 0

KD calculation

The KD calculation procedure is relatively simple; it is based on a non-linear kernel
function, A, estimated as follows:

Ke(s) = Bk (557)

(1)
Where s is point for which KD is calculated; s;,..., s, are the vector locations of the n
observed point events around point s; k(') represents the kernel weighting function ,
and t > 0, is the bandwidth parameter, with the value of T chosen so as to provide

the required degree of smoothing in the estimate (Gatrell et al., 1996; Silverman,
1986).

Figure 2 shows graphically how a KD function is calculated around each point son
the raster grid. Distances to each observed event, s; that lies within the area of
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influence (controlled byt), are measured and contribute to the intensity estimate at s,
according to how close they are to s (Gatrell et al., 1996).

study area A

FIGURE 2: KD estimation of a point pattern (after Gatrell et al., 1996).

Because the number of event points considered to be neighbors of location s
depends on the search radius (bandwidth ort), the resulting KD estimate depends
heavily on its choice. In particular, the size of the bandwidth chosen for KD estimation
determines the degree of smoothing produced. If the search radius is larger, there is
more smoothing, while smaller values of the radius produce increasingly 'spiky'
estimate (Gatrell et al., 1996). To illustrate this point, let us examine several KD plots
based on the same event distribution, but smoothed using different bandwidths: from
200 m to 1200 m, with a 200-m increment (see Fig. 3).
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FIGURE 3: Kernel density calculation using different bandwidth settings for the same input data

A —200-m bandwidth; B — 400-m bandwidth; C — 600-m bandwidth; D — 800-m bandwidth; E — 1000-m
bandwidth; F — 1200-m bandwidth

Note: input data are marked by tiny black dots on the diagram.

As Fig. 3 shows, while input points (marked by black dots on the diagrams) remain
unchanged, the resulting KD surfaces becomes visually smoother in line with increasing
values of the bandwidth, exhibiting less and less localized peaks with each bandwidth
increment. Smaller bandwidths thus result in multi-peak, discrete surfaces, which
might contain spurious features that are artifacts of the sampling process. In contrast,
choosing excessive smoothing, by setting larger bandwidths, may lead to another
undesirable outcome: important features of the underlying structure are smoothed
away, with a possibility to detect potential density peaks decreasing (Jones, Marron,
& Sheather, 1996).

How should the optimal bandwidth be chosen?

There is no consensus among researchers or any straightforward answer to this
question. Instead, there are different approaches to choosing the bandwidth for KD
calculation, apart from visual examination. However, there are some empirical rules.
First, the approach of choosing the bandwidth may be based upon nearest neighbor
distances. According to this approach, the bandwidth is calculated based on a
predefined number of observations closest to the point of interest, called the "nearest
neighbors" (Silverman, 1986). For instance, if the average distance, across the entire
set of observations for 3 or 4 nearest neighbors, is, for instance, 200 m, the researcher
may set the search bandwidth incremental to it, that is, equal to 200m, 400m, etc.
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Some researchers look for a particular size of the kernel bandwidth, which would
produce better estimates in a multivariate analysis of event densities, calculated using
KD functions with different bandwidths (Portnov et al., 2009; Kloog et al., 2009).
According to this approach, the researcher tests a number of radii, for instance, 200,
300, 400, etc. and then applies each radius separately to the study data. The results
are then examined in a multivariate analysis, and the "best performing" radius is
chosen, based on regression fits provided by multivariate models (Portnov et al.,
2009).

As an alternative, the bandwidth can be set proportional to the physical dimensions
of the study area, by setting the bandwidth to, say, 1/30" or 1/50% of its largest
dimension, longitudinal or latitudinal, as it is currently implemented in ArcGIS10.x™
software (ESRI, 2012). It should be noted, however, that such an approach is quite
arbitrary and somewhat mechanistic and may thus lead to spurious results in the
analysis.

In any case, choosing a specific size of bandwidth will always be accompanied by
some level of bias ("misreporting of the shape") and a lack of precision (“excessive
variance”) in the bandwidth distributions. Trying to reduce such as bias by getting the
optimal shape may entail more variance, while trying to get more precision in the
expected values can result in bigger bias (DiNardo & Tobias, 2001; Jones et al., 1996).
The decision about what is more important should thus be taken considering the type
of the data, and objectives of the researcher.

Kernel density vs. other techniques of spatial smoothing

There are several interpolation tools which perform tasks similar to KD smoothing. As
previously mentioned, these interpolation techniques include spline, Inverse Distance
Weighted (IDW) method, radial basis functions, triangulation, and kriging (ESRI,
2012). IDW and spline are interpolation methods which use measured values around
a point, to predict a parameter's "unknown" value at the subject point. These methods
use different averaging schemes, with or without weighting for proximities between
neighboring data points (ESRI, 2012; PB, 2009).

Kriging is another interpolation technique which also uses the measured values, to
derive a predicted value for an unmeasured location, based on statistical
autocorrelation between the observed values at measured points. As compared to IDW
and spline techniques, kriging calculates predicted values based not only on the
evaluated values observed in neighboring locations, but also takes into account the
statistical correlation between these points (estimated by taking into account distances
between the points). As a result, kriging helps to provide, in some cases, more accurate
predictions, especially for neighboring observations with similar values of a parameter
(cf. inter alia, ESRI, 2012; PB, 2009, Putti, 2003).

It should be noted, however, that for producing event surfaces, all these methods
(that is, spline, IDW, kriging and other similar methods of spatial interpolation) require
a parameter's values, observed in different neighboring locations, that is, the
magnitude of the parameter in each point of the geographic distribution (often called,
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the "population field"). However, such values may not always be available for the
researcher. For instance, sometimes the researcher deals with data which are
represented only by their geographic coordinates and have no other information
available. For instance, in the case of disease patients, the only information available
may be residential locations of disease patients.

A major advantage of the KD technique, compared to other techniques of spatial
smoothing, is that it does not require the presence of a parameter’s value in a given
location. Thereby the KD technique makes it possible to generate a continuous surface
of event’ density by using information on the location of neighboring events, even if
individual observations are represented only by their geographic location, that is, by
their x, y coordinates, and have no other attributes whatsoever (Carlos et al., 2010;
Kloog et al., 2009; Portnov et al.,2009).

Double kernel density (DKD) estimates

The Double Kernel Density (DKD), also known as Relative Kernel Density (RKD) or
Normalized Kernel Density (NKD), is produced by normalization of KD surfaces, that
is, by dividing a parameter's values observed in data points (or raster cells) by values
of another parameter observed at the same locations. Such normalization is performed
when there is a need to control the spatial distribution of events of interest, drawn
from a general population, by the spatial distribution of that population across the
study area. For instance, in health studies sometimes there is a need to calculate the
relative risk of a disease by normalizing the number of disease patients in each location
by the fotal number of people living there (Portnov et al., 2009). In other words, such
normalization is required to assure that the concentration of patients near e.g., a
pollution source is not solely due to high population densities around it (Zusman et al.,
2012).

DKD normalization also helps to minimize the "edge effect" inherent to KD
estimates, that is, the effect which tends to occur because there are fewer neighboring
observations near the boundary of the study area and there are no observations
outside the boundary (Gatrell et al., 1996). This situation may lead to an "artificial"
drop in density values near the study area's boundaries. Since this (or similar) pattern
may expected to be found both in the distribution of the event of interest, and in the
distribution pattern of the general population, DKD may help to minimize (albeit not
eliminate) the underlying source of such a bias, as Figure 4, which compares KD and
DKD surfaces estimated for the same set of event points, demonstrates.
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A
FIGURE 4: Kernel Density and Double Kernel Density estimation of events in study area

(Number of events per 100,000 residents in each location)

A — Kernel Density smoothing; B - Double Kernel Density smoothing

As Fig. 4 shows, differences between the two maps are considerable. While the KD
map (Fig. 4A) shows several continuous concentrations of the event of interest, which
are spread over the whole study area, the DKD map (Fig. 4B) indicates only two clearly
pronounced event peaks, located in the north-east corner of the study area. Another
important difference between diagrams can be seen while looking at the boundaries
of the images. A values dropping tendency that is observed in KD map, closer to the
image boundaries of the image (left diagram), is an “edge effect” which almost
inexistent in DKD diagram (right diagram), evidently because the normalized density
values near the boundaries are distributed more evenly. Obviously, these are crucial
differences which may change the interpretation of research results.

Stages of DKD calculation

According to previous studies on the methodology of DKD analysis (Portnov et al.,
2009 and Zusman et al., 2012) The calculation of DKD and its multivariate analysis
(whenever required) can be performed in the following several stages. In the first
stage, the events of interest (e.g., residential locations of disease patients, or
addresses of recorded crime events) are mapped. To this end, such locations are
geocoded, that is, street addresses are converted into X and Y coordinates. The
mapped points are next transformed into a continuous KD surface using the optimal
bandwidth (see the subsection on KD calculation). The transformation results in a
raster map featuring the KD of the events of interest. The KD surfaces can be produced
using the “Spatial Analyst” tool of the ArcGIS9.x™ software (ESRI, 2012) or any other
appropriate geographic information system (GIS) software.

Since KD interpolation is a raster map, possibilities of its further geo-statistical
processing and analysis are rather limited. Therefore, for further analysis, such maps
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can be transformed into vectorized contours, that is, into continuous lines linking points
with identical values of a parameter of interest (ESRI, 2012).

If a researcher wants to analyze whether some exogenous variables influence the
density of observed events, there may be a need to use a multivariable statistical
analysis, such as e.g., multivariate regression. However, it should be kept in mind that
the regression analysis is applied to discrete points and cannot be used on continuous
surfaces. Therefore, a KD surface needs to be converted from a raster map (or
vectorized contours) into discrete point data. As suggested by Zusman et al., (2012),
for this purpose, a number of randomly distributed “reference” points (1000 points or
more) should be generated, to cover the whole study area. Such points might be
generated using Hawth’s Analysis Tool in ArcGIS10.x™ (ESRI, 2012) or any other
appropriate geo-statistical software. Fig. 5 features an example of randomly generated
"reference" points created for the subsequent use in a multivariate analysis.

After a layer with reference points is generated, the reference points are spatially
linked, according to the methodology proposed in Zusman et al. (2012), to KD
contours, that is, each reference point gets value from the KD contour closed to it. The
calculation can be performed using the "spatial join" tool in ArcGIS10.x™ that links
geographic lays (maps) together, based on their spatial location. The KD values of the
population distribution, from which the events of interests are drawn, should next be
linked to the reference points, in a similar way (that is, by first constructing KD surface
of overall population density, converting it into contours and joining the contours with
the same set of reference points).

During the next phase of the analysis, DKD values are calculated, by dividing KD
values of the event of interest by KD values of the total population, both observed at
the corresponding "reference" points. The values obtained thereby can then be used
as the dependent variable in a multivariate analysis.

Explanatory factors for multivariable analysis may also be estimated in a similar
way. In particular, KD raster maps can be produced for each of such factors in
separation, and, then, spatially linked to the same set "reference points" for a
subsequent use in a multivariate statistical analysis as predictors (or controls).

References
Anderson, T.K. (2009). Kernel density estimation and K-means clustering to profile

road accident hotspots. Accident Analysis and Prevention, 41(3), 359-364.

Anselin, L., & Rey S. (1991). Properties of tests for spatial dependence in linear
regression models. Geographical Analysis, 232), 112-31.

Carlos, H., Shi, X., Sargent, J., Tanski, S., & Berke, E.M. (2010). Density estimation
and adaptive bandwidths: A primer for public health practitioners. International
Journal of Health Geographies, 9-39.

Demsar, U., & Virrantaus, K. (2010). Space-time density of trajectories: Exploring
spatio-temporal patterns in movement data. International Journal of Geographical
Information Science, 24(10), 1527-1542.

44



DiNardo, J., & Tobias, J.L. (2001). Nonparametric density and regression estimation.
The Journal of Economic Perspectives. 154), 11-28.

Donthu, N. (1991). Comparing market areas using kernel density estimation. Journa/
of Academy of Marketing Science, 19 (4), 323-332.

ESRI (Environmental Systems Research Institute). (2012). How kernel density works.
Retrieved October 10, 2012, from http://edndoc.esri.com

Gatrell, A.C., Bailey, T.C., Diggle, P.G., & Rowlingson, B.S. (1996). Spatial point
pattern analysis and its application in geographical epidemiology. Transactions of the
Institute of British geographers, 21, 256-274.

Gonzalez-Olabarria, J.R., Brotons, L., Gritten, D., Tudela, A., & Teres, J.A. (2012).
Identifying location and causality of fire ignition hotspots in a Mediterranean region.
International Journal of Wildland Fire. http://dx.doi.org/10.1071/WF11039

Jones, M.C., Marron, 1.S., & Sheather, S.J. (1996). A brief survey of bandwidth
selection for density estimation. Journal of the American Statistical Association, 91,
401-407.

Kloog, I., Haim, A., & Portnov B.A. (2009). Using kernel density function as an urban
analysis tool: Investigating the association between nightlight exposure and the
incidence of breast cancer in Haifa, Israel. Computers, Environment and Urban
Systems, 33, 55-63.

McCoy, J., & Johnston, K. (2001). Using ArcGIS spatial analyst. Redlands: ESRI.

PB (Pitney Bowes). (2009). MapInfo vertical mapper. Retrieved October 18, 2012,
from http://www.pbinsight.com
Porter, M.P., & Reich, B.]. (2012). Evaluating temporally weighted kernel density

methods for predicting the next event location in a series. Annals of GIS, 18, 225-240.

Portnov, B.A., Dubnov, J., & Barchana, M. (2009). Studying the association between
air-pollution and lung cancer incidence in a large metropolitan area using a kernel
density function. Socio-Economic Planning Sciences, 43(3), 141-150.

Putti, M. (2003). Geostatistics in hydrology: Kriging interpolation. Retrieved October
16, 2012, from http://dispense.dmsa.unipd.it

Sharma, A. (2000). Seasonal to interannual rainfall probabilistic forecasts for
improved water supply management: Part 3 - A nonparametric probabilistic forecast
model. Journal of Hydrology, 23%1-4), 249-258.

Silverman, B.W. Density estimation for statistics and data analysis, 26, New York:
Chapman and Hall, 1986.

Sliwinski, A. (2002). Spatial point pattern analysis for targeting prospective new
customers: Bringing GIS functionality into direct marketing. Journal of Geographic
Information and Decision Analysis, 1), 31-48.

Taylor, J., & Jeon, J. (2012). Using conditional kernel density estimation for wind
power forecasting. Journal of the American Statistical Association. ISSN 1537-274X
(In Press)

45


http://edndoc.esri.com/
http://dx.doi.org/10.1071/WF11039
http://www.pbinsight.com/
http://dispense.dmsa.unipd.it/putti/idrologia/stat/node13.html

Wolff, M., & Asche, H. (2009). Towards geovisual analysis of crime scenes — A 3D
crime mapping approach. In Sester, M., Bernard, L., & V. Paelke (Eds.), Advances in
GISciences. Proc. 12th AGILE Conference, Hannover. Berlin: Springer Lecture Notes
in Geoinformation and Cartography (LNGC), 429-448.

Xie, Z., & Yan, J. (2008). Kernel density estimation of traffic accidents in a network
space. Computers, Environment and Urban Systems, 32, 396 — 406.

Zusman, M., Dubnov, J., Barchana, M., & Portnov, B.A. (2012) Residential proximity
to petroleum storage tanks and associated cancer risks: Double kernel density
approach vs. zonal estimates. Science of the Total Environment, 441, 265-276.

Key terms & definitions

Age-standardized rate (ASR) is the rate of a disease adjusted to the age distribution
of a “standard” population (that is, population of a region or a country, set as a
conditional baseline).

Bandwidth is the radius of a search circle used for density calculation.

Double Kernel Density (DKD) is a product of normalization of Kernel Density (KD)
surface by another KD surface, for instance, by the KD of the total population residing
in the study area.

Edge effect is a KD surface distortion characterized by a drop in the values observed
near the edge of the study area.

Kernel Density (KD) estimation is a density calculation method that weights events
that are close to the center of the search circle more than more distant ones.

Kriging — a geostatistical interpolation method based on predicting values for
unmeasured locations using regression estimates.

Linear averaging — density estimation method which calculates the number of events
inside the search radius divided by the search circle area, without applying any
weighting scheme to the input events.

Raster cell — usually a small rectangle used for surface tessellation.
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Model A® Model B¢
Predictors
B? (SE)P B? (SE)P
(Constant) 6.683 (0.340)** -4.185 (0.245)**x*
Population density (per km2) 'Z'J:E' (3.772E-06)**  -2.02E-04 %26)73*'5;
Elevation above the sea level (km) 2.986-07  (2.252E-04)  -2.00E-06 %14')6*25;
Percent of Jewish population in the SCA 0.022 (0.002)**x* 0.029 (0.001)**x*
SCA Socio-economic status '1'525 (0.025) 0.928 (0.018)x**
Percent of the elderly (above 65) 1.327 (0.343)**x* 4.817 (0.247)**x*
Distance to the sea (km) '4'5715 (7.35E-06)%** -6.34E-10  (5.29E-06)
Smoking rate 2003 (%) 0.180  (0.009y%%*  0.259 %%fff,;
Employment structure (% of total
population of the SCA):
Agriculture -0.632 (0.038)**x -0.415 (0.027)**x
Manufacturing -0.102 (0.004)*** 0.085 (0.003)***
Electricity and water sectors 0.316 (0.013)**x* 0.046 (0.010)**x*
Construction -0.178 (0.009)**x* -0.013 (0.006)***
Transportation -0.156 (0.006)*** -0.135 (0.004)***
Health & welfare 0.071 (0.005)*** 0.09 (0.004)**x*
Distance to the main road (km) -1.ggE- (1.23E-04)%**  -1.00E-06 E)%fff;
Side of the Carmel Mountain (West=1) -1.32 (0.058)*** -0.98 (0.042)***
NOy (year 2003, IDW interpolation, ppb) 6.49E-03 (0.001)**x* 0.042 (0.001)**x*
Linear distance to the Petrochemical : VKK : (3.31E-
Industrial Complex (km) 1.55E-06  (4.60E-05) 1.00E-06 05y
Squared distance to the Petrochemical -1.33E- novkRR . (3.31E-
Industrial Complex (km) 13 (4.59E-09) 3.38E-11 09)***
N of obs. 32824 32824
R2 0.410 0.462
R2-adjusted 0.410 0.461
SEEC 2.302 1.658

Notes: * indicates a 0.05 significance level; @ Unstandardized regression coefficient; P t-statistic; ©
Standard error of the estimate; g — Box-Cox transformation (A= 0.555 in Model A, A=0.476 in Model B).

Model A: Depended variable - Double Kernel density (DKDs) of Lung cancer in 2012.
Model B: Depended variable - Double Kernel density (DKDs) of NHL cancer in 2012.
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Table B: Factors affecting Lung cancer incidence in the Haifa Bay area (dependent variables — lung cancer DKD (cases per 100,000), Box-Cox
transformed values (A=0.555); method — OLS regression)

Predictors Model I Model I1 Model III Model IV
B2 (Std. Error)® B2 (Std. Error)® B? (Std. Error)® B? (Std. Error)®

(Constant) 9.035 (0.309)*** 11.697 (0.312)*** 18.097 (0.507)*** 45.046 (0.701)%**
Population density (per km?) -1.475E-04 (3.47E-06)*** -2.048E-04  (3.48E-06)***  -2.388E-04 (3.85E-06)*** -3.975E-04  (3.49E-06)***
Elevation above the sea level (m) 0.003 (1.73E-04)*** -0.001 (1.82E-04)*** 0.003 (2.32E-04)*** -0.005 (2.32E-04)***
Percent of Jewish population in the SCA -0.011 (0.002)*** 0.002 (0.002)*** 0.004 (0.002)** -0.042 (0.002)***
SCA Socio-economic status 0.457 (0.021)%** 0.027 (0.024)*** -0.078 (0.025)*** -0.208 (0.025)***
Percent of older population (above age 65) 9.402 (0.308)*** 4.703 (0.345)*** 4.439 (0.347)*** 5.504 (0.317)%*x*
Distance to the sea (m) -3.561E-04 (4.98E-06)*** -3.918E-04  (5.78E-06)***  -3.937E-04 (7.16E-06)*** 1.620E-04 (4.70E-05)***
Smoking rate 2003 (%, model estimates; Appendix 1) 0.117 (0.009)*** 0.158 (0.009)*** 0.140 (0.009)*** -0.134 (0.008)***
Employment structure (% of total population of SCA):

Employment in agriculture - - -0.781 (0.037)*** -0.623 (0.039)*** -0.286 (0.032)**x*

Manufacturing employment - - -0.051 (0.004)*** -0.100 (0.004)*** -4.175E-04 (0.004)

Employment in electricity and water sectors - - 0.213 (0.013)*** 0.237 (0.013)*** 0.339 (0.011)***

Employment in construction - - -0.245 (0.009)*** -0.233 (0.009)*** -0.019 (0.008)**

Transport employment - - -0.209 (0.006)*** -0.220 (0.006)*** -0.005 (0.005)

Employment in health & welfare - - 0.041 (0.005)*** 0.054 (0.005)*** -0.007 (0.005)
Distance to the main road (m) - - - - -0.002 (1.24E-04)*** -0.002 (1.06E-04)***
Side of the Carmel Mountain (West=1) - - - - -0.887 (0.053)*** -1.200 (0.076)***
SO (year 2003, IDW interpolation, ppb) - - - - 0.504 (0.071)*** 1.585 (0.071)%*x*
PM2.5 (year 2003, IDW interpolation, Mg/m2) - - - - -0.320 (0.020)*** -1.523 (0.033)***
NOx (year 2003, IDW interpolation, ppb) - - - - 0.020 (0.002)*** 0.028 (0.003)***
Linear distance to Oil Tanks, (small) (m) - - - - - - -0.001 (1.73E-04)***
Squared distance to Oil Tanks, (small) (m?) - - - - - - 1.507E-07 (8.02E-09)***
Linear distance to the Haifa Power Station (m) - - - - - - -3.911E-06 (2.47E-04)
Squared distance to the Haifa Power Station (m?) - - - - - - —# —#
Linear distance to the Airport (m) - - - - - - -0.005 (1.79E-04)***
Squared distance to the Airport (m?) - - - - - - -2.150E-07 (2.13E-08)***
Linear distance to Oil Tanks, (large) (m) - - - - - - 0.002 (9.13E-05)***
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Predictors Model I Model II Model III Model IV

B (Std. Error)® B2 (Std. Error)® B2 (Std. Error)® B2 (Std. Error)®
Squared distance to Oil Tanks, (large) (m?) - - - - - - 9.647E-08 (9.77E-09)***
Linear distance to the Oil refineries (m) - - - - - - 0.004 (7.95E-05)***
Squared distance to the Oil refineries (m?) - - - - - - -7.996E-08 (1.11E-08)***
N of obs. 32824 32824 32824 32824
R? 0.296 0.368 0.388 0.592
R?-adjusted 0.296 0.368 0.388 0.592
F (1971.800)*** (1472.683)*** (1154.761 )*** (1765.321)***
SEE© 2.518 2.381 2.345 1.914
R? Change compared to previous model 0.296 0.072 0.019 0.205
F Change (1971.800)*** (627.058)*** (207.607)*** (1828.507)***

Model I: Geographic attributes, socio-economic variables and smoking rates included.

Model II: Geographic attributes, socio-economic variables, smoking rates and employment structure variables included.

Model III: Geographic attributes, socio-economic variables, smoking rates, employment structure and air pollution variables included.

Model III: Geographic attributes, socio-economic variables, smoking rates, employment structure, air pollution variables and distance to potential industrial source of pollution included.

Notes: *, ** and *** indicates a 0.1, 0.05 and 0.01 significance levels, respectively. a - Unstandardized regression coefficient; b - t-statistic; c - Standard error of the estimate; # - the variable was

excluded from the regression analysis because of collinearity reasons.
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Table C: Factors affecting NHL cancerincidence in the Haifa Bay area (dependent variables — NHL cancer DKD (cases per 100,000), Box-Cox transformed
values (A=0.476); method — OLS regression; proximities to major industrial facilities added)

Predictors Model V Model VI Model VII Model VIII
B2 (Std. Error)® B2 (Std. Error)® B2 (Std. Error)® B2 (Std. Error)®

(Constant) -1.166 (0.230)*** 0.126 (0.229) 14.922 (0.343)*** 11.174 (0.521)***
Population density (per km?) -1.273E-04 (2.58E-06)***  -1.478E-04 (2.55E-06)*** -1.804E-04 (2.60E-06)*** -2.382E-04 (2.60E-06)***
Elevation above the sea level (m) -0.005 (1.29E-04)*** -0.006 (1.33E-04)*** 0.001 (1.57E-04)*** -3.252E-04 (1.73E-04)***
Percent of Jewish population in the SCA 0.019 (0.001)*** 0.002 (0.001)* 0.007 (0.001)*** -0.005 (0.001)***
SCA Socio-economic status 1.041 (0.015)*** 1.170 (0.018)*** 0.741 (0.017)*** 0.588 (0.018)***
Percent of older population (above age 65) 10.756 (0.229)*** 7.791 (0.253)*** 8.285 (0.235)*** 5.944 (0.236)***
Distance to the sea (m) -2.246E-05 (3.71E-06)***  -4.175E-05 (4.24E-06)*** 4.429E-05 (4.84E-06)*** 0.001 (3.49E-05)***
Smoking rate 2003 (%, model estimates; Appendix 1) 0.281 (0.007)*** 0.252 (0.007)*** 0.194 (0.006)*** 0.113 (0.006)***
Employment structure (% of total population of SCA):

Employment in agriculture - - -0.424 (0.027)*** -0.162 (0.026)*** -0.223 (0.024)***

Manufacturing employment - - 0.131 (0.003)*** 0.024 (0.003)*** 0.050 (0.003)***

Employment in electricity and water sectors - - -4.046E-04 (0.010) 0.036 (0.009)*** 0.024 (0.008)***

Employment in construction - - -0.044 (0.006)*** -0.017 (0.006)*** 0.035 (0.006)***

Transport employment - - -0.147 (0.004)*** -0.194 (0.004)*** -0.064 (0.004)***

Employment in health & welfare - - 0.080 (0.004)*** 0.100 (0.004)*** 0.033 (0.003)***
Distance to the main road (m) - - - - -0.001 (8.37E-05)*** -0.001 (7.88E-05)***
Side of the Carmel Mountain (West=1) - - - - -0.483 (0.036)*** -0.639 (0.056)***
SO (year 2003, IDW interpolation, ppb) - - - - 1.204 (0.048)*** 0.953 (0.053)***
PM2.5 (year 2003, IDW interpolation, Mg/m?) - - - - -0.860 (0.014)*** -0.081 (0.025)***
NOx (year 2003, IDW interpolation, ppb) - - - - 0.078 (0.001)*** -0.029 (0.002)***
Linear distance to Oil Tanks, (small) (m) - - - - - - -0.002 (1.28E-04)***
Squared distance to Qil Tanks, (small) (m?) - - - - - - 2.056E-07 (5.97E-09)***
Linear distance to the Haifa Power Station (m) - - - - - - -7.241E-05 (1.84E-04)
Squared distance to the Haifa Power Station (m?) - - - - - - —# —#
Linear distance to the Airport (m) - - - - - - 0.002 (1.33E-04)***
Squared distance to the Airport (m?) - - - - - - -6.598E-07 (1.59E-08)***
Linear distance to Oil Tanks, (large) (m) - - - - - - -0.003 (6.79E-05)***



Predictors Model V Model VI Model VII Model VIII

B2 (Std. Error)® B2 (Std. Error)® B2 (Std. Error)® B2 (Std. Error)®
Squared distance to Oil Tanks, (large) (m?) - - - - - - 3.258E-07 (7.27E-09)***
Linear distance to the Oil refineries (m) - - - - - - -3.800E-04 (5.92E-05)***
Squared distance to the Oil refineries (m?) - - - - - - 3.209E-07 (8.25E-09)***
N of obs. 32824 32824 32824 32824
R? 0.314 0.404 0.508 0.603
R?-adjusted 0.314 0.404 0.508 0.603
F (2146.422)*** (1712.359)*** (1883.572)*** (1846.872)***
SEE© 1.871 1.744 1.585 1.424
R? Change compared to previous model 0.314 0.090 0.104 0.095

F Change

(2146.422)%**

(827.524)%**

(1387.812)%**

(872.632)***

Model V: Geographic attributes, socio-economic variables and smoking rates included.
Model VI: Geographic attributes, socio-economic variables, smoking rates and employment structure variables included.
Model VII: Geographic attributes, socio-economic variables, smoking rates, employment structure and air pollution variables included.
Model VIII: Geographic attributes, socio-economic variables, smoking rates, employment structure, air pollution variables and distance to potential industrial source of pollution included.
Notes: *, ** and *** indicates a 0.1, 0.05 and 0.01 significance levels, respectively. a - Unstandardized regression coefficient; b - t-statistic; c - Standard error of the estimate; # - the variable was

excluded from the regression analysis because of collinearity reasons.
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We used smoking prevalence rates in the year 2002 among different groups of Israeli population
reported in Baron-Epel et al. (2010), and obtained by representative telephone surveys. To
calculate smoking prevalence rates among population in the Haifa Bay statistical areas, we applied
the mentioned data for three population groupings: ethnicity (Jews/Arabs), age (up to 65 and
above 65 years old) and education (academic vs. non-academic). The percentages of these
population groups in an SCA were obtained from ICBS databases (ICBS, 2015), and predicted
rates for smoking prevalence were calculated as follows:

(Young; * 0.285 + NonYoung; * 0.119) +

< (Jews; * 0.232 + NonJews; * 0.457) + )
SPR, (Acad; * 0.185 + NonAcad; * 0.288)

37

where SPR; = smoking prevalence rate in the th statistical area of the Haifa Bay region; Jews —
percent of Jewish population in the SCA, NonJews (=1-Jews) — percent of non-Jewish population
in the SCA; Young — percent of population under 65 years old, NonYoung (=1-Young) — percent
of population over 65 years old; Acad — percent of population with academic degree of BA,
NonAcad (=1-Acad) — percent of population without any academic degree; numerals are SPRs
among corresponding population groups.

References

Baron-Epel O, Keinan-Boker L, Weinstein R, Shohat T (2010) Persistent High Rates of Smoking
among Israeli Arab Males with Concomitant Decrease among Jews. IMAJ, 12:732-737.
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#0MN0)
Variable Value | Lung cancer (DKD per | NHL cancer (DKD per
10,000) 10,000)

Side of the Carmel Mountain West 24.79 14.44
East 29.46 16.79
Distance to the petrochemical 0 13.11 10.20
complex (m) 1000 18.08 11.96
2000 22.62 13.55
3000 26.39 14.92
4000 29.16 16.03
5000 30.76 16.84
6000 31.10 17.34
7000 30.15 17.50
8000 27.98 17.34
9000 24.71 16.85
10000 20.54 16.05
Distance to the nearest main road 0 29.23 16.47
(m) 100 28.44 16.25
200 27.66 16.02
300 26.89 15.80
400 26.13 15.58
500 25.38 15.36
600 24.64 15.14
700 23.91 14.93
800 23.19 14.71
900 22.48 14.50
1000 21.78 14.28
NOx (year 2003, IDW interpolation, 0 27.81 12.07
ppb) 10 27.95 13.28
20 28.09 14.55
30 28.23 15.86
40 28.38 17.23
50 28.52 18.64
60 28.66 20.11
70 28.80 21.62
80 28.95 23.19
90 29.09 24.80
100 29.23 26.46
110 29.38 28.16
120 29.52 29.92

Notes: Based on models in the Appendix 1-1 N901-A: the values of all controlled variables
are kept constant and equal to their average values over the entire study area.
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:Short literature survey / N8P N0 N1po .1

Major metropolitan areas are often characterized by complex and confound relationships
between mortality and air pollution (Jarrett et al., 2013). Although in recent years,
increasing public awareness about air pollution and improved air pollution standards
have led to positive changes in many urban areas, hazardous materials are still released
into the air from multiple industrial sources, power plants and motor vehicles (Ames, et
al., 1995; Cohen, 2000), leading to increased morbidity and mortality (Dockery, et al.,
1993; Miller et al., 2007; Norman et al., 2014; Pope et al., 2009). In almost 1,600 cities
monitored in 91 countries worldwide, only 12% of people living in cities in which air
quality fully complies with WHO standards (WHO, 2014).

Cancer is the second leading cause of mortality in the OECD countries that accounts for
25% of all deaths (OECD, 2015). Studies, carried out worldwide, point out that chronic
exposure to air pollution increases the risk of cancer (Cui et al., 2014; Jarrett et al.,
2005; Portnov, et al., 2009; Vineis, et al., 2004), specifically lung cancer (Ames et al.,
1995; Chakraborty, 2012; Cohen, 2000; Jarrett et al., 2013; Nyberg, et al., 2000; Zanini
et al., 2013) and, possibly, also non-Hodgkin lymphomas (NHL). Elevated risks of lung
cancer and NHL have been reported in the world's major metropolitan cities, such as Los
Angeles, Trieste, and Toronto, especially among populations living in proximity to
thoroughfare roads and industrial facilities (Al-Ahmadi & Al-Zaharani, 2013; Johnson et
al., 2003; Nyberg, et al., 2000; Parodi et al., 2014; Ramis et al., 2009).

According to recent epidemiological literature, high ambient levels of NOx from motor
traffic and industrial sites affect cancer morbidity and mortality (Al-Ahmadi, & Al-Zahrani,
2013; Hystad., et al 2012; Norman et al., 2014; Raaschou-Nielsen et al., 2011; Spector
Ben-Ari, 2014). In a recently published meta-analysis paper, Cui et al., (2014) provide
strong evidence that particulate matter (PM..s and PMyo) are a significant risk factor for
lung cancer mortality. Proximity to main roads is another well-known factor associated
with cancer morbidity (Hart et al., 2015; Paz e al., 2009).

In the past decades, air quality in Israel has improved due to technological developments
and stricter regulatory practices (IMEP, 2015). However, in some geographic areas of
the country (especially in the Tel Aviv and Haifa metropolitan areas), air pollution is still
a major problem due to industrial activity and increased transportation flows (IMEP,
2015).

In 2014, the Israel National Cancer Registry (INCR) published information about cancer
morbidity and mortality, showing higher than average rates of cancer in the sub-districts
of Akko, Hadera, Tel Aviv, Be'er-Sheva and Haifa (MoH, 2015).

Several studies carried out in Haifa sub-district and in the Greater Haifa Metropolitan
Area (GHMA) revealed associations between cancer morbidity and ambient air pollution,
although findings of these studies were not always consistent (Paz et al., 2009; Portnov
et al., 2009; Rottenberg et al., 2013; Zusman et al., 2012).
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Thus, Paz et al. (2009) analyzed the link between NHL morbidity and residence near
heavy-traffic roads in the GHMA. In the study, the geographical distribution of NHL
patients was adjusted to the overall density of population residing in the study area. The
study showed that NHL incidence was higher in close proximity to main roads (P<0.01).
Portnov et a/. (2009) investigated the association between the geographical distribution
of lung cancer and air pollution in the GHMA. The results of the study showed a positive
association between SO, pollution and lung cancer incidence (P<0.01), adjusted for
several covariates such as residential density, road proximity and population welfare
levels.

In a more recent study, Zusman et al., (2012) examined cancer incidence in a residential
neighborhood adjacent to the main industrial zone in the GHMA, using both traditional
zonal approaches and GIS technology. After adjusting for potential confounders (such
as proximity to the main roads, population density, smoking rates and socio-demographic
attributes), the study revealed that the areal density of lung and NHL cancers declined
in line with distances from the industrial zone, especially among the elderly (P<0.01).
However, the study was focused on one, relatively small neighborhood, immediately
adjacent to the industrial zone and not characterized by significant variance in the levels
of exposure.

These results call for a further examination of the association between air pollution and
cancer morbidity.

Study goal /ApNNRN N"1ON2 NTANY "9 ,°1Tnn Y N'9'890 nun .2

The main goal of this module is to investigate the association between environmental
conditions in general, and measured air pollution, in particular, and cancer morbidity
observed in the GHMA. Mapping local cancer morbidity hotspots and investigating factors
behind them is an important thrust of the analysis. Since the whole project is defined as
prospective population level study with retrospective assessment of exposures, the
present report deals with year-2012 cancer data only.

:Research methods / nMu115n muwv .3

The present study used two analytical techniques: the traditional zonal approach (Boyle

& Parkin, 1991; Curtin & Klein, 1995) and, mostly, more recently developed Double

Kernel Density (DKD) tools (Portnov et al., 2009; Zusman et al., 2012; Chakraborty,

2012), which underlying basics are detailed in Appendix 1-L of the annual research

report.

Exclusion — nXX¥1m NN **an 5912) Apnnn NMO1Y01X S Np1Tn NN Tan .3.1
.(criteria , Eligibility

All cases of Lung and NHL cancers, reported as the main cancer cause in the study
area in 2012, and drawn from the Israel Cancer Registry database, were included in
the analysis.
NOYNN ,NpNNN NMD1YIIX 1AV DININ NMOX M9PN ¥ NpvTn NN 3.2
. Time frame for health effects and exposures /D'21InN DYINPNN
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Lung and NHL cancers, reported in 2012, were compared to monitored air pollution data
for 2003 (10-year latency period) and other environmental and socio-demographic
variables, specified in the next sub-section (3.3) of this response. Street addresses of
the cancer patients were relevant to the date of the diagnosis, not exposures (see
Section 3.4 of the module report).

/ DM'20NN DYINPNN N9'WNN INYNA S NPT N'Owon 1N .3.3
.Operational definition of research variables

The list of research variables, units used to measure their effects, and data sources are
specified in Table 1 below.
Table 1: List of research variables

Variables Units Data source Comments

A. Health effects

DKD of Lung per 100,000 National Cancer Received as kernel
cancer (all cases in  population Registry density contours
2012) and transformed

into DKD rates by
normalization by
population density

DKD of NHL cancer per 100,000 As above As above

(all cases in 2012)  population

DKD of Lung per 100,000 in As above Received as kernel

cancer (males relevant population density contours

below 65 yo) group and transformed
into DKD by

normalization by
relevant population
density; used for
DKD mapping only,
not for multivariate
analysis, due to
relatively small

number of
observations
DKD of Lung As above As above As above
cancer (females
below 65 yo)
DKD of Lung As above As above As above
cancer (males 65+
yo)
DKD of Lung As above As above As above
cancer (females
65+ yo)
DKD of NHL (males As above As above As above
below 65 yo)
DKD of NHL As above As above As above
(females below 65
yo)
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Variables Units Data source Comments

DKD of NHL (males As above As above As above
65+ yo)
DKD of NHL As above As above As above

(females 65+ yo)

B. Environmental and socio-demographic variables used as predictors in
multivariate analysis?

SO, ppb Annual averages Year 2003 data,
for individual air IDW interpolation
quality monitoring
stations obtained
from annual
reports of the
MoEP

NOy ppb As above Year 2003 data,
IDW interpolation

PM, s ppb As above Year 2003, IDW
interpolation

Population density  per km? ICBS, “Arnona” Received via ad
database hoc contracting of

ICBS as KD
contours of
household densities
(per km?) and
converted into
population
densities by
“spatial joining”
with residential
building layer and
multiplying by the
average size of the
household in the
SCA (aga’s).

Distance to the sea km Calculated in Calculated for each
ArcGIS residential building
in the study area
considering that
sea winds may
transfer emissions
and contaminants

2 Several variables in the predictors’ group are collinear (e.g., distances to industrial facilities, SES
vs. elevation above sea level, percent of Jewish population, etc.). To account for
multicollinearity, in most regression analyses, collinear factors (especially distances to industrial
facilities) were introduced into the models separately and multicollinearity monitored with the
acceptable variance inflation factor (VIF) set to 3.0 or less. The only exception was models in
which the contribution of integrated factor groups to the observed morbidity was estimated (see
Appendices 1-M and 1-N of the Module report).
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Variables Units Data source Comments
affecting human
health

Percent of Jewish % Calculated using As above; proxy for

population in the
SCA

GIS layers provided
by ICBS (year 2008
data)

the ethnic makeup

SCA Socio- Dimensionless ratio Calculated using As above; indicator
Economic status scale GIS layers provided of population
by ICBS (year 2008 welfare
data)
Percent of the % As above As above; a control
elderly in the SCA variable for the
(share of residents local share of the
in the elderly
neighborhood
above the age of
65)
Elevation above km Calculated in As above; proxy for
the sea level ArcGIS population welfare
Smoking rate in % Model estimates for See Appendix 1-A
2003 2003 of the research
report
Employment in % Calculated using Assigned to all
agriculture in 2005, GIS layers provided locations in the
% by ICBS (year 2008 same
data for SCAs) neighborhood as
an indicator of
employment
structure
Manufacturing As above As above As above
employment in
2005, %
Employment in As above As above As above
electricity and
water sectors in
2005, %
Employment in As above As above As above
construction in
2005, %
Transport As above As above As above
employment in
2005, %
Employment in As above As above As above
health & welfare in
2005, %
Distance to the km Calculated in Calculated for each
nearest main roads ArcGIS using the residential building
layer of main in the study area
thoroughfares
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Variables Units Data source Comments

Side of the Carmel Left side (West)=0, Calculated in Calculated for each

Mountain Right side (East) ArcGIS residential building

=1 in the study area;

proxy for industrial
proximity

Distance to km Calculated in Calculated for each

industrial Facility 1 ArcGIS using “join  residential building

(Small Qil tanks) and relates” tool in the study area
as distance from
the facility’s
boundary; measure
of proximity to a
specific industrial
location

Distance to km As above As above

industrial Facility 2

(IEC Power station)

Distance to km As above As above

industrial Facility 3

(Haifa airport)

Distance to km As above As above

industrial Facility 4

(large oil tanks)

Distance to km As above As above

industrial Facility 5
(Petrochemical
industries complex)

PN PN NMDIYIIX NX DMININ Y MO0 NTN) D220 DININ Wpn 3.4

.Data sources and limitations / (MN'NN1 9PN ,0MON D21NM)

See Table 1. As the tables shows all the data for the analysis were received from three
main sources — 1) Israel National Cancer registry (health effects); 2) MoEP (measured
air pollution levels), and 3) Israel Central Bureau of Statistics. We consider these sources
as unquestionably trustworthy and fully reliable. Additional variables (proximities and
distances) were generated in the ArcGIS™10.x software, which provide a high degree of
accuracy for geographically referenced calculations.

Description of health measures used / D™MX™M2N D'X¥NN S NPTTA NMTaN 3.5

See Table 1.
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Exposure / D™MpP'VN DIV NNIPA DIP1 1pNNN X S N0MON NN 3.6

matrices

The map of the study area is featured by Figure 1, footnote to which lists the localities
forming the study area.

: f Gulilee
; Nazaret ;

.\ 5 i
" Israel-.. jordan 5
o o 5

e West Bank ) ) (»g e ﬂ/\ ™ S :
) y Residential buildings . ¥~
["] Main Industrial Facilities
[77] Industrial area

["] small Census Areas

[ |sea

—— Mainroads

Figure 1: Map of the study area showing the location of main industrial facilities (1
through 5), small census areas (SCAs), and townships under study

63



List of localities forming the study area:

NN XNX NM™MpP
2ND-5X% N'OXT PON2 NMp
no'n WAL NMp
211D NV D' NMp
e TP¥IN NMpP
P28 19D DY DX
20NN 19D DO
X'ODV )

Below we report some additional details on the variables used in the analysis and
justification for their use.

Air pollution data

Information on air pollution in the study area was obtained from the national air quality
monitoring system, which is based on stationary and mobile air quality monitoring
stations (MoH, 2011). A total of 26 such stations are located in the GHMA, of which 23
are general monitoring (stationary) stations, and 3 stations are traffic monitoring
stations, positioned near main thoroughfare roads and monitoring air pollution from
motor vehicles. Currently, 22 stations monitor NOx, 19 stations monitor SO, and 16
stations record particulate matter, PM,.s5, PMyo or both of them (IMEP, 2015).

We used annual averages of the above mentioned air pollutants observed at the locations
of individual air quality monitoring stations (AQMSs) in 2003, that is, air pollution data
lagged by 10 years, to account for a latency period (Norman et al., 2014).3

The average annual air pollution values, observed at the AQMSs’ locations, were first
interpolated by the Inverse Distance Weighted (IDW) method into continuous pollution
surfaces, covering the entire study area (McCoy and Johnston, 2001). The calculations
were performed separately for three different air pollutants covered by the study, that
is, SO, NOy, and PM,s. The task was performed using the “spatial join” tool in the
ArcGIS9x™10.x software, which merges geographically referenced information from
different geographic layers (maps) based on the spatial location of individual features in
these layers (McCoy and Johnston, 2001). Air pollution estimates for the DKD analysis
were calculated in a similar way, by using the spatial join tool in ArcGIS™ 10.x.

Control variables

In addition to air pollution variables, our analysis covered several additional potential
predictors for the observed cancer morbidity. These variables included distances to main
industrial sites (5 major industrial enterprises located in the study areas (see Fig. 1),
distances to main thoroughfare roads, and several socio-demographic and locational
factors, including population density (per km?), distance to the sea (km), percent of
Jewish population in the SCA, SCA Socio-Economic status (SES), percent of the elderly
(above the age of 65), elevation above the sea level (km), smoking rate in 2003, side of

3 In 2003, 9 stations monitored NOx, 19 stations monitored SO2 and 11 stations recorded
particulate matter in the GHMA (IMEP, 2003).
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the Carmel Mountain (facing industries vs. facing the Mediterranean), and employment
structure, measured by percent of the employed in different economic sectors (see Table
1).

High population density is a surrogate measure for low income and poverty, associated
with cancer morbidity (Fuller-Thomson et al., 2000). Chakraborty (2012) and Siegel et
al. (2015) provide evidence that disadvantaged populations are more vulnerable to air
pollution and often exhibit higher cancer morbidity because they live in close proximity
to industrial areas and main roads. Further, Siegel et al. (2015) argues that substantial
lung cancer mortality occurs more on those in the lowest socioeconomic bracket and
other disadvantaged populations. Ethnicity may also play a role in diversifying area
specific cancer rates due to different genetic and behavioral background of different
populations. In Israel, for instance, Jews often present with higher cancer incidence rates
than non-Jews (Rottenberg et al., 2013). Due to these considerations, population
density, and percent of Jewish population in the neighborhood were used in the analysis
as potential predictors for the observed cancer morbidity.

We also included distance to the sea shore to the list of explanatory variables since there
is evidence that sea winds may transfer emissions and contaminants affecting human
health (Bidoli et al., 1997; Busby, 2004). The elevation above the sea variable is also
important in the local context. Due to a hot and humid climate of the area, high
elevations of dwellings above the sea level help to provide cross-ventilation of indoor
spaces. That is why in Haifa, high elevations of the dwellings above the sea level are
closely associated with more expensive housing and higher socioeconomic status of local
residents (Portnov et al., 2005).

Exposure to environmental tobacco smoke can also affect the incidence of cancer (Anand
et al., 2008; Rottenberg et al., 2013). To account for cancer latency, we used smoking
prevalence rates in the year 2003 among different groups of Israeli population, obtained
by representative telephone surveys and reported in Baron-Epel et al. (2010).

Several occupational studies have reported higher cancer incidence and mortality among
workers exposed to industrial solvents (Ames et al., 1995; Dockery et al., 1993; Dockery
& Pope, 1994; Pope et al., 2009, Ramis et al., 2009). Therefore, we included proportional
shares of workers in different economic sectors in SCAs as additional explanatory
variables for cancer morbidity.
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Descriptive statistics of the research variables / N©'wNin "1N¥M

Descriptive statistics of cancer cases and of research variables used in the multivariate
analysis are reported in Tables 2&3 below.
Table 2: Descriptive statistics of cancer cases recorded in 2012

LUNG NHL msiap
145 | 63.30% | 81| 57.00% oD
84 | 36.70% 61| 43.00% DM
229 [ 100.00% | 142 | 100.00% Total
206 | 90.00% | 124| 87.30% DA
11| 4.80% 11| 7.70% DY
12| 5.20% 71 4.90% DMNX
229 [ 100.00% | 142 | 100.00% Total
0| 0.00% 1| 0.70% 19 and
under

1] 0.40% 50 3.50% 20 - 29

4] 1.70% 41 2.80% 30 - 39

8| 3.50% 8| 5.60% 40 - 49
27 | 11.80% 20 | 14.10% 50 - 59
71| 31.00% 33| 23.20% 60 - 69
118 | 51.50% 71 | 50.00% 70+
229 [ 100.00% | 142 | 100.00% Total

Table 3: Descriptive statistics of research variables (DKD estimates used in
multivariate modelling)

DKDs Variables Minimum  Maximu Mean Std.
m Dev
DKP of Lung cancer (per 100,000 0.00 175.00 31.12 16.42
residents)
DKI_D of NHL cancer (per 100,000 0.00 130.00 20.49 11.47
residents)
DKD of_ Lung cancer (Box-Cox 0.00 27.67 9.67 391
normalized)
DKD of NHL cancer (Box-Cox normalized) 0.00 19.31 6.62 2.31
SO, (year 2003, IDW interpolation, ppb) 1.02 2.98 1.46 0.39
NOx (year 2003, IDW interpolation, ppb) 7.20 120.00 32.24 16.80
PM. s (year 2003, IDW interpolation, ppb) 17.20 26.80 19.95 1.34
8375.8 4951.2
Population density (per km?) 2000.00  47700.00 5 3
Distance to the sea (km) 0.01 14.39 3.97 3.70
Percent of Jewish population in the SCA 4.27 99.90 93.42 15.55
SCA Socio-Economic status -1.62 2.88 0.53 0.10
Percent of the elderly (above age 65) 0.00 39.85 15.25 7.82
Elevation above the sea level, km 0.00 0.43 0.10 0.12
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DKDs Variables Minimum  Maximu Mean Std.

m Dev
Smoking rate in 2003 (model estimates) 15.07 41.78 18.60 2.95
Employment in agriculture in 2005, % 0.00 1.80 0.35 0.46
Manufacturing employment in 2005, % 0.00 29.30 15.97 5.31
Employment in electricity and water
sectors in 2005, % 0.00 7.60 1.77 1.23
Employment in construction in 2005, % 0.00 8.90 2.89 1.83
Transport employment in 2005, % 0.00 20.10 8.03 3.27
cI?/(r)nployment in health & welfare in 2005, 3.40 20.90 11.57 3.40
Distance to the main roads, km 0.00 0.10 0.12 0.12
Side of the Carmel Mountain 0.00 1.00 0.25 0.43
II?ilgstaln)ce to industrial Facility 1, km (see 0.39 16.78 6.62 4.05
EiigStaln)C€ to industrial Facility 2, km (see 1.23 15.75 6.20 3.44
II?ilgstaln)ce to industrial Facility 3, km (see 0.97 14.01 534 2.96
II?ilgstaln)ce to industrial Facility 4, km (see 0.75 9.96 5.08 2.01
EiIgStaln)C€ to industrial Facility 5, km (see 0.00 15.38 5.80 3.56
Valid N (listwise) 32,824

General description of study results / (M55 Nrarn) Nxinn 552 kN .4.2

The results reported in this section of the response refer to Tables A-C of Appendix 1-N
of the research report.

Table A in Appendix 1-N reports best performing models with minimal multicollinearity
between variables (VIF<3.0), models in Tables B-C include all the factors, introduced
into the models as groups, as specified in Appendix 1-M.

As Tables B&C show, the estimated models, based on the DKD estimates, exhibit
reasonably good fit (Lung cancer: R>=0.296-0.592; Table B; and NHL: R?=0.314-0.603,
see Table C), with the inclusion of environmental variables (that is, air pollution measures
and industrial proximities) contributing to about 20-22% of the total explained variance
(Lung cancer: aR?>=0.019+0.205=0.224 (Table B) and NHL: sR?=0.104+0.095=0.195
(Table C)).

Characteristically, among all air pollution variables, covered by the analysis, only NOx
emerged as statistically significant and exhibited the expected (positive) sign, indicating
that lung cancer and NHL incidence increase in line with increasing NOx air pollution
levels (Lung cancer: b=6.49E-03; P<0.01; NHL: b=0.042; P<0.01).

A negative and statistically significant association is also observed between DKD of lung
cancer and proximities to industrial Facilities 1 and 2, while proximity to industrial Facility
4 is statistically significant for NHL cancer (see Tables B&C).

Although the models reported in Tables B-C show no significant association between the
observed cancer incidence and proximity to industrial Facility 5, which is the main
industrial facility in the study area, we decided to investigate this association further.
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The scatter plot of this association, featured in Figure 2 below, showed a non-linear
relationship between the DKD of cancer and distance to this facility, with the peak values
of DKD rates observed at the average distance of about 5 km from the facility in question.

180
160 &
140 :
120
100

80

60

DKD rates (per 100,000}

40

20

0

0 2,000 4,000 6,000 8,000 10,000
Distance from industrial facility 5 (m)

Figure 2: The association between lung cancer (cases per 100,000; DKD estimates)
and distances from individual buildings to industrial Facility 5 (see Fig. 1)
Note: The dotted red line in the diagram features the linear fit, while the solid red line
indicates the quadratic fit (see text for explanations).

This non-linearity of distance-DKD relationship is apparently due to the fact that plumes
of air pollution from tall industrial smokestacks of Facility 5 land at some distances from
the emission source.

To account for this type of non-linear association, we included a quadratic term of
distance to Facility 5 and repeated the analysis. The results of reanalysis are reported in
Table A (Models A-B; Appendix 1-N). As Models A-B reveal, upon accounting for non-
linearity, the regression coefficients for Facility 5 proximity variables emerged as
statistically significant and exhibited the expected signs:

Model A® Model B¢

B® (SE)P B® (SE)P

Predictors

Linear distance to the

Petrochemical Industrial Complex 1.55E- (4.60F- 1.00€- (3.31E-

Xk k XXk

) 06 05) 06 05)
atochemieal Industral Complex.L33ET (4S9E- 338E (331E
P 13 09)*x 11 09)x

(km)

This indicates that, in line with the increasing distance to this facility, the DKD ratios of
both types of cancer under analysis initially increase (up to the 5-6 km proximity range
and then start to drop.
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Discussion of results and / MA¥INN MXY¥INN S 019N 19N 120N 4.3
conclusions

See Module 1 - Section 3.3 of the research report and also the Limitations section
(Section 3.4).

Additional comments:

The results of this study are similar to those reported by Kloog et al. (2009); Portnov et
al. (2009) and Zusman et al. (2012) in which the DKD analysis performance was
compared to alternative investigation techniques and provided better results, compared
to those obtained using zonal estimates.

As the results of the present study indicates, areal concentrations of cancer morbidity in
the study area appear to be linked to proximities to motor traffic and heavy industry,
which generally coincides with the results of previous studies that revealed positive
associations between environmental exposure to air pollution from traffic and industrial
sources and cancer risks (Cui et al., 2014; Hart et al., 2015; Jerrett et al., 2005; Portnov,
et al., 2009).

It should be kept in mind, however, that the present study is an ecological research.
Ecological and individual correlations tend to be dissimilar and no individual-based
conclusions can be drawn from group-level aggregated data considering a possibility of
assessment error (Robinson, 1950; Portnov et al., 2007). In addition, the study focused
on two cancer types only and on one calendric year, which limits the study power. These
are main limitations of the present research which should be dealt with in follow up
studies.
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.(hot-spots) MnNN MMpPI2 MM S¥ WX Q' N Hpwn :3-T1-2

(P<0.1)
Variable N of obs. Percent of Mean of SD of hotspot

the total hotspot observations (SD

number of | observations of total cases)

children (mean of
(5,258) total cases)
3,109

Birth weight, grams 391 7.4 (3,270) 555 (540)
Head 34.05
circumference, cm 354 6.7 (34.40) 3.04 (1.6)
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I S WX 9pn DNNPA-NIN N0 .N-2 NDD)

YD) DINWN-NAN 'O NIPIMN Y WX 9p'n? D'X2IN D' .1-0-2 D)

Predictors

(Constant)

Birth weight (gr)

Gender (1=boy; 0=girl)

NOx (ppb, 2014)

Distance to main roads, m (In)
Side of Mount Carmel (1=west;
O=east)

Distance to the main industrial
zone, m

Township code 8200

N of obs.

RZ

R2?-adjusted

F

SEEC

Model 1 (All cases)

179.189
0.0277
5.632

5,258
0.534
0.532

283.861***

14.929

(t)°

32.203%**
57.205%**
13.421%%x

5,258

0.535

0.532
229.995%*x*
14.919

.(Nro¥Nn
Model 2 (All
cases)
B2 (t)b

175.908 31.036***
27.642  57.198%**
5.662 13.491%%x*

-0.005  -0.279
0.273 2.427**
-0.894  -1.328

4.381E- 2.013**
04

-1.089  -1.300

Note: Controlled for the month of birth (dummy variables), weeks of pregnancy, total number
of siblings, mother’s age, ethnicity, birth country, side of Mt Carmel and socio-demographic

attributes of SCAs
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NINN) D2 1MIX DI MNIANR PRIRA MY MEPAT NNM .2-N-2 N90)
(n"o ,wx1 9PN 2N

Head Absolute change in % Change
Varvi . Value of the | . . .
arying predictor redictor circumference cm (relative to (relative to
P , €m Distance 0) Distance 0)
Township code 0 34.427
(1=Code 8200;
0=other)
1 34.351 -0.076 -0.22
0 34.366
P'gtaftlc_elto main 1000 34.396 0.031 0.09
ndustrial zone, m 2000 34.427 0.061 0.18
3000 34.458 0.092 0.27
4000 34.488 0.123 0.36
5000 34.519 0.153 0.45
6000 34.549 0.184 0.53
7000 34.580 0.214 0.62
0 34.269
. . 100 34.443 0.173 0.51
Distance to main roads,
m 200 34.456 0.187 0.54
300 34.464 0.194 0.57
400 34.469 0.200 0.58
500 34.473 0.204 0.60
600 34.477 0.208 0.61
700 34.480 0.211 0.61
800 34.482 0.213 0.62
900 34.485 0.215 0.63
1000 34.487 0.217 0.63

Note: The models on which sensitivity estimates are based include birth weight as an explanatory variable for head
circumference. Therefore, estimates reported in the tables may be underestimated due to the fact that the estimated proximities
may affect head circumference, both directly, and indirectly via birth weight and, potentially, via other variables (e.g., pregnancy
week).
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DINPN-NA1 N0 :NIPIN Y XN 9PN D'X2In D'AMA .3-N-2 NDD)
(Mmap-nn)

Predictors

(Constant)

Birth weight (kg)

Gender (1=boy; 0=girl)

NOx (ppb, 2014)

Distance to main roads, m (In)

Distance to the main industrial
zone, m

Settlement code (1=Code 8200;
0=other)

N of obs.

RZ

R?-adjusted

F

SEE®

Full-term cases

B2 (t)b
151.211  20.982%**
27.717  58.189%**
5.820 14,190+
7.256E-05 0.004
0.203 1.834*
0.001 2.889%%*
-1.138 -1.383
5,009

0.511

0.508

(197.853)***
14.198

Pre-term cases

B2 (t)b
285.310  8.872%*x
27.497  8.557%*x
2.939  0.969
-0.045  -0.346
1.411 1.893*
-0.001  -0.911
-1.259  -0.226
276

0.342

0.273

(4.974)%**
23.130

Note: Controlled for the month of birth (dummy variables), weeks of pregnancy, total number of
siblings, mother’s age, ethnicity, birth country, side of Mt Carmel and socio-demographic

attributes of SCAs
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:Short literature survey / N3P N0 N1po .1

Recent epidemiological studies have established the association between maternal
exposure to air pollution and adverse pregnancy outcomes [1-10]. The studies have
shown that exposure to air pollution may elevate the risk of adverse birth outcomes,
including infant death [11], small head circumference [6] low birth weight (LBW) [4, 12,
13], preterm delivery [8], and small for gestational age [14].

Low or reduced birth weight (LBW) is an important predictor of children’s health
and is associated with higher risk of infant and childhood mortality [15] and coronary
heart disease [16]. Preterm birth (PTB) is an indicator of prenatal disturbances of the
placenta and of fetal development. Like LBW, prematurity is an important predictor of
infant mortality, childhood morbidity, and possibly adult morbidity [8].

Interpretations of studies are complicated since LBW (birth weight smaller than
2500 g) represents a heterogeneous group of outcomes with different pathogenic
mechanisms. Some infants have LBW as a result of PTB (less than 37 completed weeks
of gestation at delivery), while others are a result of intrauterine growth restriction- IUGR
(birth weight less than that expected for a given gestational age). Some maternal
prenatal determinants may be associated with an increased risk of LBW through effects
on the length of gestation alone (e.g., premature rupture of the membranes, placenta
abruption), others through effects on intrauterine fetal growth alone (e.g., maternal
weight gain, hypertension), and some possibly through effects on both PTB and IUGR
(e.g., maternal cigarette smoking). Where air pollution falls in this spectrum is not fully
resolved.

Despite the large number of studies dealing with air pollutants and birth
outcomes, the evidence for a causal association remains still weak. Thus, further
examination of the association between air pollution and birth outcomes (birth weight
and head circumference) is needed.

Study goal /ApNnn N"1DN2 NNTANY "9 ,7,Tinn Y N'D'$S50 Nun .2

The main goal of this module is to investigate the association between environmental
conditions in general, and measured air pollution, in particular, with birth weight and
head circumference in the GHMA. Mapping birth weight and head circumference hotspots
and investigating factors behind them is an important thrust of the analysis. Since the
whole project is defined as prospective population level study with retrospective
assessment of exposures, the present report deals with 2014 data only.
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:Research methods / nu15n mow .3

Exclusion — nx%1im n9%200N 'xan 5212) ypnnn NMO1201X S NP1 TN N Tan W3.1
.(criteria , Eligibility

We received data on 6614 newborns from the “Mahsheva Briah” database. We excluded
some kids mainly from Arab and Druze towns due to lack of residential address and thus
no geocoded data on them. Out of the 6614 kids we managed to map successfully 5702
(86.2%) of the kids using ESRI ArcGIS 10.x Geocoding. In order to check that there
were no statistically significant differences in the distribution of the outcomes between
the geocoded kids (5702) and left out kids (912 non-geocoded kids) we conducted a T-
test to look at differences in birth weight and head circumference. We found no
significant differences between the groups. While looking at the data in depth we found
an additional 200 (3.5%) kids with data errors (such as negative values, implausible
values, missing values) which were taken out. The final dataset included 5258.

NOWNN ,QpNNN NMDIYIIX M2V DN MOX NIYPN DY NPT N Tan 3.2
. Time frame for health effects and exposures /D" D INENM

The data included all new born population from the “Nafat” Haifa registered at “Tipat
Halav” between 07/20164 to 06/2015.

/ D20NN DNPNN N9'¥/NN NN S¥ NpMTN N'21voN N1Tan.3.3
.Operational definition of research variables

The list of research variables, units used to measure their effects, and data sources are
specified in Table 1 below.

Table 1: List of research variables

Variables Units Data source Comments

C. Health effects

Birth weight Kg Tipat Halav
Head Cm Tipat Halav
Circumference

D. Environmental and socio-demographic variables used as predictors in
multivariate analysis*

SO, ppb Annual averages Year 2003 data,
for individual air IDW interpolation

4 Several variables in the predictors’ group are collinear (e.g., distances to industrial facilities, SES
vs. elevation above sea level, percent of Jewish population, etc.). To account for
multicollinearity, in most regression analyses, collinear factors (especially distances to industrial
facilities) were introduced into the models separately and multicollinearity monitored with the
acceptable variance inflation factor (VIF) set to 3.0 or less.
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Variables Units Data source Comments
quality monitoring
stations obtained
from annual
reports of the
MOEP
NOx ppb As above Year 2003 data,
IDW interpolation
PM, .5 ppb As above Year 2003, IDW
interpolation
Population density  per km? ICBS, “Arnona” Received via ad
database hoc contracting of
ICBS as KD
contours of
household densities
(per km?) and
converted into
population
densities by
“spatial joining”
with residential
building layer and
multiplying by the
average size of the
household in the
SCA (aga’s).
Gestational age Weeks Tipat Halav
Gender (male/female) Tipat Halav
Total Siblings Tipat Halav
Mother's age years Tipat Halav
Jewish (1=yes; 0=no0) Tipat Halav
Mother's birth (1=Israel; Tipat Halav
country O0=other)
SCA Socio- Dimensionless ratio Calculated using As above; indicator
Economic status scale GIS layers provided of population
by ICBS (year 2008 welfare
data)
Elevation above km Calculated in As above; proxy for
the sea level ArcGIS population welfare
Distance to the km Calculated in Calculated for each
nearest main roads ArcGIS using the residential building
layer of main in the study area
thoroughfares
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Variables Units Data source Comments

Side of the Carmel Left side (West)=0, Calculated in Calculated for each

Mountain Right side (East) ArcGIS residential building

=1 in the study area;

proxy for industrial
proximity

Distance to km Calculated in Calculated for each

industrial Facility 1 ArcGIS using “join  residential building

(Small Qil tanks) and relates” tool in the study area
as distance from
the facility’s
boundary; measure
of proximity to a
specific industrial
location

Distance to km As above As above

industrial Facility 2

(IEC Power station)

Distance to km As above As above

industrial Facility 3

(Haifa airport)

Distance to km As above As above

industrial Facility 4

(large oil tanks)

Distance to km As above As above

industrial Facility 5
(Petrochemical
industries complex)

,PNNN NMD1201X NX D'INAN ¥ MO0 NT'NR) DNTMY2271 DNIN 1pn.3.4

.Data sources and limitations / (MIN'NM 9PN ,0MON 0N 9PN

All the data for the analysis were received from three main sources — 1) “Tipat Halav
birth data (health effects); 2) MoEP (measured air pollution levels), and 3) Israel Central
Bureau of Statistics. We consider these sources as unquestionably trustworthy and fully
reliable. Additional variables (proximities and distances) were generated in the
ArcGIS™10.x software, which provide a high degree of accuracy for geographically

referenced calculations

Description of health measures / D™MX™M2N D'X¥INN ¥ NPT NMTaN.3.5

See Table 1.

used in the analysis
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Exposure / D™MpPWin DIV MMpPR D11 1pNNRN Nk S NUM9N NNTAN.3.6
matrices
The map of the study area is featured by Figure 1, footnote to which lists the

localities forming the study area.

Legend

Figure 1: Map of the study area showing the location of main industrial facilities

and the location of cased. List of localities forming the study area:
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Below we report some additional details on the variables used in the analysis and

justification for their use.
Air pollution data

Information on air pollution in the study area was obtained from the national air quality
monitoring system, which is based on stationary and mobile air quality monitoring
stations (MoH, 2011). A total of 26 such stations are located in the GHMA, of which 23
are general monitoring (stationary) stations, and 3 stations are traffic monitoring
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stations, positioned near main thoroughfare roads and monitoring air pollution from
motor vehicles. Currently, 22 stations monitor NOx, 19 stations monitor SO, and 16
stations record particulate matter, PM,.5, PMyo or both of them (IMEP, 2015).
We used annual averages of the above mentioned air pollutants observed at the locations
of individual air quality monitoring stations (AQMSs) in 2014. The average annual air
pollution values, observed at the AQMSs' locations, were first interpolated by the Inverse
Distance Weighted (IDW) method into continuous pollution surfaces, covering the entire
study area (McCoy and Johnston, 2001). The calculations were performed separately for
three different air pollutants covered by the study, that is, SO,, NOx, and PM,s. The task
was performed using the “spatial join” tool in the ArcGIS9x™10.x software, which
merges geographically referenced information from different geographic layers (maps)
based on the spatial location of individual features in these layers (McCoy and Johnston,
2001).
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21 1pNNa D'YONNYNN S¥ Yp1 MDD NNXNAN NIXDAL — D'INAN IXN.L4.1
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Descriptive statistics of the research variables / N9'wnNn 1NN
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Discussion of results and conclusions/ Ma¥inN MXINN 5 09N 2151 120N
The regression models, exhibited reasonably good fit (R?=0.534-0.535). The main
explanatory environmental variables were Distance to the nearest main roads (B=0.273,
P<0.05) and distance from distance to the Petrochemical Industrial Complex (km)
(B=0.0004, P<0.05). There was no association found with NoX (B=-0.005, ns).
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DIN/N 21 TN DN 21 NN -3 NDD)

(Constant) 1.259* (0.599)
Socioeconomic index 1.574x** (0.041)
Elevation above the sea level (m) 0.006*** (0.000)
Distance to the sea shore (km) -0.535%*x* (0.17)
Jewish population in the neighborhood (%) -0.01%* (0.001)
Population density (persons per km2) -0.313%*x* (0.006)
Distance to the main roads (m) 0.003*** (0.000)
Smoking rate in the neighborhood (%) -0.045** (0.01)
Side of the Carmel mountain (left=1; right=0) -2.921%** (0.086)
PM,.5 (year 2014, ppm) 0.855%** (0.032)
Petrochemical complex distance (km) 3.483** (0.084)
Petrochemical complex distance2 (km) -0.317*** (0.008)

***p<0.001; **p<0.01; *p<0.05

F= 1275.465%**

Adjusted R2: 0.403 (40.3%)

N of obs.: 20,782

Dependent variable: DKD of asthma rate
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NNNDXA NXIPNNY D"M0NN D'NIAN S N'DN'N NNINNN DDA :1-3 DDA

Model Type

0NN 21 N1

Variable included

F-test of

R2 change

Socioeconomic
variables

Air pollution
measurements
and proxies

Distances to
main
industries

*%p<0.001

Socioeconomic index, Jewish
population (%), Population
density, Height topography,
Sea distance & Smoking rate

PM,:, NOx, SO,, Main roads
distance & side of the
mountain

Petrochemical complex
distance (km), Petrochemical
complex distance (km)2,
Power station distance (km),
Oil tanks Kiryat-Haim (large)
distance (km), Oil tanks
(small) distance (km), Airport
distance (km), Main roads
distance (m), PM,5, NOx & SO,
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significance

1377.787*** - 0.284

1112.437%%* 0.151 0.435
(15.1%)

848.492%** 0.111 0.546
(11.1%)



NNNOX NX15NN S DKD My 5w "NMann NbN" 57N :N-3 N9

Variable Spatial Error Model
B and (S.E)
(Constant)a -3.189*** (0.605)
Socioeconomic index 0.605*** (0.026)
Elevation above the sea level (m) 0.008*** (0.0003)
Distance to the sea shore (km) -0.231*%** (0.018)
Jewish population in the neighborhood (%) -0.003*** (0.0007)
Population density (persons per km2) -0.084*** (0.002)
Distance to the main roads (m) 0.0006*** (0.0001)
Smoking rate in the neighborhood (%) -0.013* (0.006)
Side of the Carmel mountain (left=1; right=0) -1.746*** (0.078)
PM, 5 (year 2014, ppm) 0.914*** (0.035)
Petrochemical complex distance (km) 3.074*** (0.093)
Petrochemical complex distance ~2 (km) -0.268*** (0.008)
Spatial error (Lambda) 1.283*** (0.003)
R2 0.936
N. of observations 20,782

Notes: ***p<0.001; **p<0.01; *p<0.05.
Distance threshold: 525.45m.

apDKD of asthma rate.
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(2015 "pNN NIY) "NIwN NI NNNAN :'V-3 NDDA

3 :'on™Tn

DV DDION) TMMX DINT DY PN D719 20pP2 NNUDX NXIYNND DM MNAN :7Tinn oy
(M990 MxMa MY S DINAN AN

107D TOXN PN 'ONN9 PRI PN

P NN%Y '91N9 N0 NN 1T, 20210 191V 1N :0'901 DMpin

2120719 DM 'O

:Literature survey / NNsp Mo M'po .1

DMA21ATOX DMPNNA 1MXD D'XEMN D'ANMY N2 NY'A9N 120N NY¥IAP DX Dnn D1
(Robinson & Van D1 27p2 N'NN'a NX1ZNN5 DD 1MIIXN DINT NY9wN Sy D'Wasn 00
NX DMNN MX2 D'RPMN DN n9'wn WAsperen, 2009; Bateman, et al.,, 2008)
.D'X"M2 N1 D"UNNDX N DT S DNMIXM TIiPONA NY'A9 DM1INN 121 NNVDXD D'NMVDNON
5w D720 oNNNS Han M50 NMDIYOIX DY MIXN DINT NYO/N NIX 1202 1Ay Mpnn

(Robinson & Van Asperen, 2009; Guarnieri & Balmes, 2014) D'aNmM N'OX1TA™TIX NOWN

D02 ,NNIN DT MNIXD NN MTANNY NNIAN N'NXM NYNN NN NNUDX ,INKD
D72 D™ DN DMONNOXN D210 DNN 'RN%N NvoIN . (Godfrey, 1985) Nnronx1 N1ND
.(Ellis, 1983) 1MMx2 D™Man DMNIN NAI7PNIN9 DD'WO DAY DMNIN R MK 112D NNAN
D'NDN .NMN9NON NN'ON NX D'XUANN DOIXOY 11'N NNUDXY N "MOIXN DIVONON
2D :NNNDX) TIVI NNN N2 MM R NMIY MyIon NN ¥R VY NS 0912 0'901)
D79 20pP2 NMAOX NNUVDXD MIXDIAN PNN 1ON (2016 ,NNLVDX SV NYTY DN NN
S Mm%y My NHya 01D 2p2a NON NN NMIND 12NN NN NNUVOKX D N (ISAAC)
WX211) NMMaanNN 522 019 D NN ISAAC 10 11D .(Global asthma network, 2014) 14% -2
D NN A NMT 012 .NNVDXRA NXIPNN APY NY DNV NN NM52211n 05210 (10-14
2y 9% MR ,NDI00IX 1N NNUDX NXIDNND AN NN2AN NINDN DY M nn
IR0 XX¥NN D NINMT NN TN NP9 NN M2NN NNPAY 1NN 581 .50 N9
(The center for disease control, NNLDXN D210 13-14 X522 D150 N 7.9% -D 2008 NIXN

.2011)

D79 D IXN¥N DY DMpNn MmN Mg )N DT 27p2 NNUDX NIXIPNND NN
AN NN 7120 NNN2 O'R¥N] L9902 NI'XY DD VN9 O'"AD% 2P DMIANNN
(Salam, Islam, & Gilliland, 2008; Heinrich & NNUODX NAD D™NN'W1 D'NIVON'DH NOW/N2
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;SN0 (VD DT D NDWN D IRYN DMAD1TNTOX DMpNn )2 DY Nt .Wichmann, 2004)
(Ding, Ji, & Bao, NNUDX NX12NNY NIMpPYN M2ON NNX NN ,DNMYVN DY9NN Y Mp
O'X¥N1 NMAD WY D'ON DNYYN DN D19 02,9010 .2015; Burke, et al., 2012)
(DiFranza, Aligne, & Weitzman, 2004; Li, Langholz, Salam, nnLUOX NX1PNNY NN2a 120 NNN2
NXI9NN S 021210 VPOXD DN IR DINT DY Y5 NOwNN 12 215'win & Gilliland, 2005)

.(Kohli, et al., 2012) NNVDOX

1% (PM) p'RP2N YMin S MM Mn0% N9WN 2 R 120 D DWANA D901 DMpNn
.(Ding, Ji, & Bao, 2015; Burke, et al., 2012; Bowatte, et al., 2015) DT> 2P NNVOX] D'OIXOY

D79 N¥IAP2 NNUDX NXIDNNS MIXD DINT 2 PN NX N2 DNNXN DMpNNN 1 TNX
(Portnov, 6-14 X522 D19 3922-2 HHD DATAN TWXD 2012 NI/ Y¥1A N2 NON k2
Nruoo'VLD MUY PIN'Y NPV Nt pNn .Reiser, Karkabi, Cohen-Kastel, & Dubnov, 2012)
D1 PMjo 'P'P2N% NOWN 1% D715 20p2 NNUOX NXIDNN 2 WP 0P D X¥N1,Nrn1ion
APNNN NNIPQ D Y5 B .0 NMpA 21.4% D TY VA0 NMpA 8.7% "2 1WA NNUDXN "My
D'MIN"N 121,001 VP DPNRN 190N, NP2 MY DY NNUDXN MY S¥ NKNYN NDWIA XD Nt

JNMDN MU 1YY D"UD'VLVDN

NLUY .NNUOXN NX1PNN NN (DKD) Double Kernel Density NU'w2 pN'y NYY™ N 1pNn2
N'550N NMD1YIIXN MID™OYD DN 021NN MDY NX DN11% NYOXN WX NMYTN N T
(Zusman, Dubnov, Barchana, & Portnov, 2012; Portnov & Zusman, Spatial Data Analysis Using
D'N2 S Myswnn NN N N 1 N0 D N0IN N2av2 Kernel Density Tools, 2014)
DMAOTNTOX DMPNNL PN NI¥IDIN NPMITRN MOwn NNv? NX12NN Sy 0D™N2'20
Geographic Information 5y NoDIAN I NV'Y .(Zusman, Broitman, & Portnov, 2015) D™N11ON

.Systems (GIS) technology

Study goal "pnnn N"1ON2 NNTAINY 9D ,N'9'"8D0 N1un .2
1000 5 D "ULIZ10AX DMHDN) NO'N YION MR NNUDX NXIPNN S MR NPT X
M My Dy kN (0T
MK DINTD N9WN NNUDX MYIXTN T2 PN NRYIY ¥ Np*T1a .2
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MoMon MmUYy .3

Exclusion criteria , — NX¥IM 09920 **IN 5%12) JpNnn NMO1YOIX YY NPT NN Tan W3.1
.(Eligibility
DM W 9% MNP YYD D'pINRN (6-14 '%5) 'N TV 'Y N2 0T
O NMP ,PYIN NMp  XNX DM 2, 1va0 nmMp L, (00N.p 9912) N9N NN N9N WX
200N N0 PYHOXI NMP
2aX 5N A2
AR I
:N2200 X2 DMLMP

200,01y NNDD 12D ,NMNYX NYTIX NNUDXD LD NINNX NMIND MYNN DY DT
NPONIXY M2NN , NN N'DD M%NN NP2 IX D177 <MD 2% MHNN 001N
mSnNn ,N"09%'9OX Y&/N% NM1ND NMMAI%1M MHYNN 210N D172 N'ND MYNn ,NMnD
20K M0 DY D19 MN'RAN
DINPNNM N9'¥NN ,pNnn NMDIPIX 1Y D'ININ IOX MOIpN ¥ Npv1Tn NTan .3.2

0N

OMNMP DV DN RN .NH5D 021N NOIp S BON N2V NN VA DININ QO

:TIXQN MYTAN DXNN2 112w 2014 nawn

72N N 1.1.2000-31.12.2007 12 1912 YM%D DY 6-1415 1x5n 1.1.2014 2w ' 5D X

2014 N 9D wna N'952 0'o1N N9Ip2

3.1 9'yD2 UMDY DD DMAN MY DD NI¥IP 3-2 NP1PN A

:N9'WN

2014 NS MIX DINT "1N)

.PMy5 -1 ,NOx ,SO; :1"X DN "2 DN

DMPINNN MK N1DX N01% MINN2A TTNIY "NV SN YKINA MK DIN'T N1 S MmN

21TV YNINN pNNRN Itk N2

.DM"20NN DNNN N9'WNN "IN SY NPT N'owyon NTan .3.3

M550 01N NDIP YV yTnn Naxnn Danen
TP 1/AX N2 190101 21N, 1Y ,NQIND — 0NN Dipn
.Mpn 2 9101 N2 NXDIN — NX9NN DY

.Mpn 52 S 1am 52 - D1OAINT DN

.BMI 11 (2"p2) Ypwn ,(n"D2) N2 — DUX191 TN
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.NNUDXN NINAX XM X5/10 — DAVDX NINAX

NNNNXN NI NXOINN DY¥X DM 190N

:0"n%N 1N DManwn
A8N DMH9WNNT OMOAIXA D122 NITIX D'0"AX S¥ NAwMNN N2DY — MNINPXRIYID TN

.2008 N1/ 121 NMOIYD1XN S 'NN2N-"225%0N

121 NNDY D2 DMINNN DTN ANK TIMX NAZINNN N2DK — DTN DAANN VW
.(0"n%) 0"ax © Dy 2012 N>

5w 2008 NI/ ND1DIIX MOOK "IN ¥ NAYNINN N2DY — (VAN N"PY) 1O1901X MDY

NPODVLVDY NDINN NDE/OSN
DN™NN Y2 5TINN) D"aXQ D'AINN 190NN NNKD DIYYNN JTTRIN —_DIwynNn MWW

(MMDI901XN S NMOANT-YI0 MI¥IAPA VN MY/ DN™NNA DOINT-'YI0 012 DN5
OMODN2IXA DMANPN
2720 DIpn MTX 0N 119 D212 DX DMOUNA NTTINN NAZINAN NQDY — 0N 19 Yyn N2ia

0NN DD Man Dipnn NMpn 92 5w n"pa pninn - 0N 91NA pnin

D"/NY D205 Man Dipnn Npn 92 52 DMuna phinn — DY/ D'Wa0n phin

AN N2YP) NN DO NIX P2NNN 51100 N "9 Y NN 1R - 51000 0 o1 S npidn

227vn DO (DTN D'YYonS
2014 MY 1121, MVN NMINNA TN PMys ;S0; ;NO, - 1 TMIX DN — MK D10

D'oVoN% Mn DIipnn Mpn 22 ¥ n"pa phnn - (1) 0MRDNV9 0'HYyONY Nap

.D"DNVoN
D1N2 9PN, PNNRN NMDIYIIX DX D'ININ ¥ MDDN NT'A) DN NN pn 3.4
(Man'nm 9N ,0mMonN
D'N1% .NH%D MM MY S BO N 1aXNN 190X NX12NNN "1Na ,3.5 "D I8 9D
INQN MY2ANN 19X
VTN MAXNAN 122NN ,AMXN DINT NDWNY DM12NN DIpR 2 pn DX 1N2% NN YV .X
NADY N DY/ .0Mpnn 552 5w DMann M2IND NMX DN NS5 01N Nop S
T N2WO .ArcGIS 10.x™ NIDWMN NMyN¥AX Geocoding 2 LAY MPYD M 1T MOIAIXA
NN 89% -2 PN X¥NI NF 21N .MOTIXIPY NN 190 21NN DY DX NN
.MNNN 10NN DMPNA 19001 12N X .(NNTN1 2'AX-2N,N9N Y191 X)) DATAN 99D
6-14 X521 WIRN DTN NNX L2014 12N21% 101 ,MIkD MU WAy po 9 A
295 .(2015 ,)mixD MUY TOINN) 49% Sy TNy 'MHHD MM MY/'a D'NVIANN
PPN NNPY XY ,NON Y191 NTXD DTPINN X921 DMYIN DMK N N2TAY 9 DY OX
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D D TND 12X DININ A D DX) X NMD1201XN 1N 50% -2 WD 55D XD nrmnm D

JNNXN D210 M9o1pY oM D'NVIAN S VSN 2N eN "MH50 NI MY

DYNINMAN DRYINN ¥ NPT NTan .3.5

:D'X2N DMM0MPN N TNX S 0P 'O DY NNLUDKA D170 D150 DD

mpSnn ¥ nn'wna Miy'onn ICD9 1x ICPC S MNTAN 99 NNUDXN Mpn YD X

:NNONN XN HY¥X MP2D M0 X (1202 01D X)) NMND

ALLERGY GRASS ASTHMATIC 4930

ASTHMA INTRINSIC 4931

ASTHMATIC BRONCHITIS 4939

ASTHMA 493

VDIIAX XU 10N NIOINNA 2190 DAY DI WX NNVDKX D/ NINAX XD 019 A

NI NNIXD O"NYO NINDY DTNV S 15w

NNON X9 D¥X P22 NMINAXA NNUDX 2/ NINAX NY'91 DMy DT> .2

.DMPWn DINT NIMpNR D11 jpNnn X S NoMon NN 3.6

3.1 '0 XY = pnNnin X

MUMBdN NMXRSN 4

MMOXN S11pPNNA D'ONNPNN DY VP MDD NNXNNN MX520 — 0NN XN .4.1

NONN NN DMONN DNNNN N229NN S DA XN 9'01N5 22 ,0N%Y N9'wNN

:("N21 NO'N NIX) IPNAN INA NMX DM NR*UDVVD :1 N2

- DI (n.o0) ysinn D"pn 'on nanen
DINopn
-2-3 0.28 (0.888) 21,831 MINPXIYIO TN
0-430 75.1 (98.325) 21,831 ('m) DN M9 Syn N2
0-9 2.57 (1.87) 21,831 (n"p) DN NN PN
1-99.9 87.96 (25.67) 21,263 DM MY
1-28 8.17 (5.503) 20,782 (vann n"ph) 1o1voIX Mmooy
0-987 92.94 (128.145) 21,831 ('m) NrxY DO PNN
15-42 18.89 (3.3) 21,831 DIYYNN Myw
11.7-19.98 16.68 (1.078) 21,831 (2014 Nw) PM, . DNMN
1-10 5.07 (2.016) 21,831 (n"p) D™ ONMLVS D'OVYONN PN
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(Nr5%en Nrarn) MxsNn 992 XN .4.2

.3 'ON N9DI NX
JNINN MIXNINN Y 0191 )15 120N .4.3

2014 NI¥/Y NNLVOX MV

2014 N5 DMV N,HN 95 6-14 X520 D12 2P NNNDOXN MV S MN'MN NIXYIN
,2.6% DN NNNDXN "MV N9'N Y191 XD WX .X-3 NI DN (D952 0'n))
171 ,0"550N NNNOXRN MY 1N D 021V 91NN ;1D 11D .3.3% NN 2.2% 21X DNa
5N21 NO'NAY 19XN N D' DN NYTN IR 1T7a0 9% D'P21NNN NNNOXN MV

.O"Mmynwn DMy X55 0YIX 21"AX
X 2 6-14 'X220 DT 20P2 NAVDXN VY DN :DM2N-"N22 D'NATRY t1nan

NNTN2 N9'N Y9N X A1 A'AX-2ND NN Y9N

t(9.014)= ] NN N9N Y191 X "2 P PN DTN 120 -3 NDDID NIXID N 0D
S¥/198N 0'N122 NN 'Y DMMMANNAN DT 27p2 NNNOXN MWy 1D .[-2.375, p<0.05
MR DMNANAN DTN P2 NNANDXN MV PNAIN 72N X¥N1 XD 9012 .09N ¥19Nn
NN 2 N520 ,12 11D .[t(16)=1.973, n.s] 2'aX-2N WA DMNANNN 19X 1125 N9'N y19N

JMTAN NPI%N 9 5y D150 DY NNNOXN MV D'pn2In 09720 'K D

(-3 N9D1) 0'IN¥N 20 N1

,NOMN Y9N IR D712 2P NNUVDX NXKIYNND MTIX DIN'T 12 Wpn NX NN1Y NIn Sy
DKD 7T NN 12NN NINPNN N2 DMNE/N NN 100 55D MNn .0MNN 21 TN niaa
.NON Y9N MR NNUDK DY

5Tnn .[F(20,782)=1275.465, p<0.001] pnamn X¥n1 MO0 5TN D N5y NN
mIpn 55D .0'K2INN WY-TNXK T DY 120NN NNLUOXN NX2NNN 40.3% D "aon
DN "9 Syn N2 ,(B=0.281, p<0.001) "MMPXIRID TN 11PN ,0'PN2IN IX¥N1 N"DIN
(B=- TN W ,(B=-0.204, p<0.001) D"VN2 DN NN PN L(B=0.121, p<0.001)
('n) Nrwx1 0'DOTN pNOn L,(B=-0.351, p<0.001) MDDk MO'OY ,0.054, p<0.001)
n10N N 0D HYY "anvnn T8N, (B=-0.03, p<0.001) Dwynn My ,(B=0.057, p<0.001)
DY ONNUD DOyonn n"pa pnnL,(B=0.187, p<0.001) PM,.s Dnmin ,(B=-0.224, p<0.001)
.(B=-1.403, p<0.001) D" D1V D*O>yONN V121 n"pa pnin,(B=1.43, p<0.001)

N'ON'N NANNN NOVN

NX12NN5 DM"M0NAN 0NN DY MY MI¥IAPR S N'ONN NNINNN DX IXNN -3 N90)
.NNLOXN NXIPNNN 24.8% -2 D"A0N DNNAN O"H29D DN/ D X¥N1 I/XD .NNUDK
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NOD1) "MMaNN NPN"N TN NX 128N (Moran's I = 1380.871, p<0.001) PN NN 1N
40.3% NNy , (R2=0.936) 93.6% -2 DY TNy NN2DINN MIN NNX D 28N 57N .(N-3
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Table 4.1: Study Population
(N=13,875 with ZIP Code, during 2012-2014)

0*ND02

Study Population

Total without Zip Code with Zip Code

City CODE Count N % Count N % Count N %
4000 Haifa 3699 100.00 318 8.60 3381 91.40
6500 Hadera 1761 100.00 217 12.32 1544 87.68
5000 Tel Aviv 5563 100.00 515 9.26 5048 90.74
2100 Tirat HaCarmel 405 100.00 49 12.10 356 87.90
2300 K. Tivon 329 100.00 35 10.64 294 89.36
2500 Nesher 382 100.00 23 6.02 359 93.98
6800 K. Ata 1108 100.00 65 5.87 1043 94.13
8200 K. Motzkin 699 100.00 67 9.59 632 90.41
9500 K. Bialik 677 100.00 67 9.90 610 90.10
9600 K. Yam 671 100.00 63 9.39 608 90.61
Total 15,294 100.00 1419 9.28 13875 90.72

"2 D2"¥9NN 190102 0'2T7aN 0'AYR MONYD .0 D 2012-2014 DN 1, DYON D Nyn

TP A vy O D"wHONNN 90%-27 .NIwN NNIX NMDI1DIIRN DTIAY DXNNA , DN DN

127

.DnNMian




Table 4.2 — Demographic Characteristics of the Study Population in Haifa

Metropolitan Area in Relation to Asthma
(N=7,072 with ZIP Code, during 2012-2014)

No Asthma ‘ Asthma
N=7,072 OR 95%CI P value
N % N %

Country Birth
Other Countries 666 96.94 21 3.06 1
Israel 5923 92.76 462 7.24 2.474 | 1.586-3.859 | <0.0001
Cognitive Abilities
Low (10-30) 1320 93.68 89 6.32 1
Average (40-70) 4077 92.87 313 7.13 1.139 | 0.893-1.453 | 0.296
High (80-90) 927 92.42 76 7.58 1.216 | 0.885-1.670 | 0.227
Education (years)
11 (less than 11 yr) 412 93.85 27 6.15 1
11 (= or more than 11 yr) | 5993 92.93 456 7.07 1.161 | 0.778-1.734 | 0.465
BMI (body mass index) 0.007
Normal (17.70-24.94) 4396 93.71 295 6.29 1
Underweight (<17.70) 320 90.65 33 9.35 1.537 | 1.054-2.241 | 0.026
Overweight (24.95-28.26) 913 91.57 84 8.43 1.371 | 1.065-1.765 | 0.014
Obese (>28.27) 764 91.61 70 8.39 1.365 | 1.041-1.792 | 0.025
BP
Normal 4587 92.69 362 7.31 1
Hypertension 1817 93.76 121 6.24 0.844 | 0.682-1.044 | 0.118
Socioeconomic status
Average (5-7) 6323 92.94 480 7.06 1
High (8-10) 266 98.88 3 1.12 0.149 | 0.047-0.465 | >0.001
Low (1-4) 0 0.00 0 0.00
Upper Allergy
No 6130 95.26 305 4.74 1
Yes 459 72.06 178 27.94 7.794 | 6.332-9.594 | >0.001
Dermatologic Allergy
No 6532 93.43 459 6.57 1
Yes 57 70.37 24 29.63 5.992 | 3.685-9.744 | >0.001
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Table 4.3a Prevalence of Asthma in Different Areas: Haifa Metropolitan,

Hadera and Tel-Aviv

(N=13875, with Zip Code, during 2012-2014)

Haifa
Total Metropolitan Hadera Tel Aviv
(N=13875) (N=7283) (N=1544) | (N=5048)
N % N % N % N %
No Asthma 12832 ] 92.48 | 6776 93.04 | 1450 | 93.91 | 4606 | 91.24
Asthma 1043 | 7.52 | 507 6.96 94 | 6.09 | 442 | 8.76
Mild Asthma 548 | 3.95 | 231 3.17 49 | 317 | 268 | 5.31
g"eofeerreafs'thma 495 | 357 | 276 3.79 45 | 291 | 174 | 3.45

Table 4.3b - The Association between Prevalence of Asthma and Different
Geographic Areas by Severity (Single pollutant)?
(N=13875, with Zip Code, during 2012-2014)

Total Asthma Mild Asthma Model.:':ttﬁ:aevere
. (N=1,043) (N = 548) (N = 495)
ity oR ) OR . OR )
(95% (95%
0,
(95% C.I.) | value C.1.) value C.1.) value
Haifa Metropolitan 1 1 1
(N=7,283)
0.962 0.775
Hadera 0.874
-~ "~ 0.250 (0.702- 0.809 (0.562- 0.121
(N=1,544) (0.695-1.099) 1.318) 1.070)
. 1.590 0.910
Tel Aviv 1.131
_ ) 0.575 (0.836- 0.158 (0.747- 0.344
(N=5,048) (0.735-1.742) 3.026) 1.107)

@ Multivariate logistic regression analysis adjusted for year of birth, country of birth, BMI, Cognitive

Abilities.
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Table 4.4 — The Association between Air-Pollutants and Severity Asthma in Haifa Metropolitan Area

(N=7,072 with ZIP Code, during 2012-2014. Single pollutant models)

. . Moderate-Severe
Air pollutants Total Asthma Mild Asthma
p p Asthma p
Single pollutant value value value
OR 95% C.I. OR 95% C.I. OR 95% C.I.
models
SO; 1.000 | 0.869-1.151 | 0.996 0.987 0.805-1.209 0.899 0.978 0.812-1.178 0.817
PMy;s 0.961 | 0.910-1.015 | 0.155 0.976 0.902-1.057 0.549 0.966 0.898-1.041 0.365
NOx 0.992 | 0.985-1.000 | 0.042 0.996 0.985-1.006 0.410 0.995 0.985-1.004 0.277

@ Multivariate logistic regression analysis adjusted for BMI, for year of birth, country of birth, and SES.
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Table 4.5a - The Association between Linear Distance from the
Petrochemical area [km] and Prevalence Rate of Asthma @
(N=7,072 with ZIP Code, during 2012-2014)

Total Asthma®
95% C.I. P

OR Lower Upper value
Year birth 0.860 | 0.784 0.943 0.001
Country birth
Other Countries 1
Israeli 2.767 | 1.764 4.338 <0.0001
Socioeconomic status
Average (5-7) 1
High (8-10) 0.171 | 0.046 0.631 0.008
BMI (body mass index)
Normal (17.70-24.94) 1
Underweight (<17.70) 1.574 1.076 2.303 0.019
Overweight (24.95-28.26) 1.340 | 1.039 1.727 0.024
Obese (>28.27) 1.290 | 0.981 1.695 0.068
Distance from the Sea Shore [km] 0.972 0.920 1.026 0.302
Distance from the main roads [km] 0.778 0.483 1.255 0.304
PM2.s 0.946 | 0.895 1.001 0.054
Distance to the Petrochemical 1.054 | 0.999 1.112 0.056
complex [km]

@ Multivariate logistic regression

b Reference category: No asthma
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Table 4.5b - The Association between Linear Distance from the oil tanks,
K. Haim [km] and Prevalence Rate of Asthma ?
(N=7,072 with ZIP Code, during 2012-2014)

Total Asthma
P
OR 95% C.I. value
Lower | Upper

Year birth 0.855 | 0.781 | 0.938 0.001
Country birth
Other Countries 1
Israeli 2.782 | 1.774 | 4.363 | <0.0001
Socioeconomic status
Average (5-7) 1
High (8-10) 0.196 | 0.054 | 0.716 0.014
BMI (body mass index)
Normal (17.70-24.94) 1.565 | 1.070 | 2.290 0.021
Underweight (<17.70) 1.342 1.041 | 1.730 0.023
Overweight (24.95-28.26) 1.288 | 0.980 | 1.692 0.070
Distance from the Sea Shore [km] 0.953 | 0.904 | 1.005 0.073
Distance from the main roads [km] 0.800 | 0.497 | 1.288 0.358
PMa.s 0.963 | 0.908 | 1.021 0.208
Distance from the oil tanks, K. Haim [km] | 1.028 | 0.986 | 1.073 0.192

@ Multivariate logistic regression

b Reference category: No asthma
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Table 4.5c - Association between Linear Distance from Airport [km] and
Prevalence Rate of Asthma ?
(N=7,072 with ZIP Code, during 2012-2014)

Total Asthma
OR 95% C.I. P
value
Lower | Upper

Year birth .860 .784 .942 <0.001
Country birth
Other Countries 1
Israeli 2.776 | 1.770 | 4.353 | <0.001
Socioeconomic status
Average (5-7) 1
High (8-10) 0.186 | 0.051 | 0.678 0.011
BMI (body mass index)
Normal (17.70-24.94) 1
Underweight (<17.70) 1.568 | 1.072 | 2.295 0.020
Overweight (24.95-28.26) 1.338 | 1.038 | 1.725 0.025
Obese (>28.27) 1.284 977 | 1.688 0.073
Distance from the Sea Shore [km] 0.945 | 0.895 | 0.998 0.041
Distance from the main roads [km] 0.779 | 0.485 | 1.251 0.302
PM2.s 0.950 | 0.899 | 1.005 0.072
Distance to the Airport [km] 1.049 | 0.990 | 1.112 0.104

@ Multivariate logistic regression

b Reference category: No asthma
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Table 4.5d - Association between Linear Distance from the Power Station
[km] and Prevalence Rate of Asthma @
(N=7,072 with ZIP Code, during 2012-2014)

Total Asthma
OR 95% C.I. P
value
Lower | Upper

Year birth 0.862 | 0.786 | 0.945 0.002
Country birth
Other Countries 1
Israeli 2.769 | 1.766 | 4.342 | <0.001
Socioeconomic status
Average (5-7) 1
High (8-10) 0.224 | 0.063 | 0.794 0.021
BMI (body mass index)
Normal (17.70-24.94) 1
Underweight (<17.70) 1.562 | 1.068 | 2.285 0.021
Overweight (24.95-28.26) 1.337 | 1.037 | 1.723 0.025
Obese (>28.27) 1.276 | 0.971 | 1.677 0.081
Distance from the Sea Shore [km] 0933 | 0.872 | po9g| 0.046
Distance from the main roads [km] 0.807 | 0.507 | 1284 | 0.365
PM2.s 0.939 | 0.885 | .97 | 0.039
Distance to the Power Station [km] 1.035 | 0.973 | 1.102 0.271

@ Multivariate logistic regression

b Reference category: No asthma
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Table 4.5e - Association between Linear Distance from the Small Oil tanks
[km] and Prevalence Rate of Asthma @
(N=7,072 with ZIP Code, during 2012-2014)

Total Asthma®
OR 95% C.I. P
value
Lower | Upper

Year birth 0.860 | 0.784 | 0.943 0.001
Country birth
Other Countries 1
Israeli 2.776 | 1.770 | 4.353 | <0.001
Socioeconomic status
Average (5-7) 1
High (8-10) 0.238 | 0.067 | 0.841 0.026
BMI (body mass index)
Normal (17.70-24.94) 1
Underweight (<17.70) 1.560 | 1.067 | 2.282 0.022
Overweight (24.95-28.26) 1.339 | 1.039 | 1.727 0.024
Obese (>28.27) 1.278 972 | 1.680 0.079
Distance from the Sea Shore [km] 0.944 | 0.880 | 1.011 0.101
Distance from the main roads [km] 0.835 | 0.526 | 1.326 0.445
PMa.s 0.944 | 0.889 | 1.003 0.062
Distance to the Small Oil tanks [km] 1.014 | 0.967 | 1.064 0.562

@ Multivariate logistic regression;
b Reference category: No asthma.
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Table 4.6 - Association between Linear and Squared Distance from the
Petrochemical Area [km] and Prevalence Rate of Asthma ?
(N=7,072 with ZIP Code, during 2012-2014)

Total Asthma 4

5]
value

Distance from Petrochemical area [km]® 1.441 1.090-1.907 | 0.010
Distance? from Petrochemical area [km]¢ 0.971 0.946-0.996 | 0.025

Source OR 959 C.I.

a Multivariate logistic regression analysis adjusted for year of birth, country of birth, SES and BMI;
® For PM2.5: OR=0.943 (95%CI 0.891-0.998), p=0.044;

¢ For PM2.5: OR=0.939 (95%CI 0.885-0.997), p=0.039;

d Reference category: No asthma.
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Figure 4.1 - Prevalence Rate of Asthma (%) in the Several Cities
(N=13,875, with Zip code, during 2012-2014)
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Figure 4.2 - Prevalence Rate of Asthma and Severity (%) in the Different
Geographic Areas
(N=13,875 with ZIP Code, during 2012-2014)
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Prevalence of Asthma by Severity among Young Adults over the
years 1999-2014 in Different Cities

Figure 4.4A
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Figure 4.4C
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Figure 4.4E
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K. Bialik N=3,979

12%

10% &

8% .7/’/'_'/\\ / A\ /
» N \// A \\/‘\/
1% A ,-/'74

2% 26

0%
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

—o—Total asthma —#—Mild —A— Moderate-Severe

142



Figure 4.4G
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Figure 4.41
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Short literature survey / N3P N5 N1po .1

Asthma is a chronic disease characterized by inflammation of the bronchial airways and
expiratory airflow limitations with episodes of reversible bronchoconstriction (GINA,
2015). Although previous studies reported that increase in ambient-outdoor air-pollution
is significantly associated with asthma attacks in young children aged up to 12 years old
and adolescents up to 18 years old, (CDC 2014; Costa et al., 2014; EPA, 2010; WHO,
2007; WHO, 2013) little is known about the susceptibility of asthmatic children to specific
air-pollutants (Bateson and Schwartz, 2008). The present study examined the effects of
certain air-pollutants on asthma frequency and severity, using a nationwide database
composed of medical-records of the majority of young-adult men in Israel.

Epidemiological studies provide evidence that urban air-pollution is related to decreased
lung-function and increased respiratory symptoms, (Beckerman et al., 2012; GINA,
2015; Tsai and Yang, 2014; WHO, 2013) as well as increased asthma-incidence.
(Carosino et al., 2015; Cheng et al., 2014; Pope et al., 2009; Portnov et al., 2012).
Several studies indicated that the association between air-pollution and respiratory
health-effects was stronger in asthmatic than healthy children. (Hernandez-Cadena L.
et al., 2009; Li Set et al., 2012; Mann et al., 2010). Mann et al., (2010) reported that
wheezes were significantly associated with short-term exposure to NO; from traffic
emissions and that the correlation between air pollution and wheezing was stronger in
children who had positive skin-tests for cats or common-fungi. Greenwald et al., (2013)
demonstrated that exposure to traffic-related air-pollution resulted in increased airways
inflammation and decreased lung function in asthmatic children.

Bibi et al., (2002) compared results of positive allergy skin-tests among asthmatic
children from rural and urban areas in Israel. Data demonstrated that urban children
displayed a significantly higher response to indoor and outdoor allergens. However, this
response did not indicate specific environmental factors that were responsible for this
allergic response. Portnov et al., (2012) examined whether the high prevalence of
asthma in children ages 6-14 years in northern Israel was related to air pollution.
Evidence indicated that childhood asthma was significantly associated with particulate
matter (PMyo) and SO, concentrations while these pollutants were introduced to the
models separately. However, no marked association of asthma prevalence was found
for SO,, when PMyo and SO, were introduced into the models simultaneously.

Fireman et al., (2015) assessed lung inflammation that was attributed to exposure to
airborne PM and observations are in agreement with Carosino et al., (2015). Children
with airways that displayed high concentrations of PM, s exhibited the highest risk of
eosinophilic inflammation in induced-sputum analysis. Thus it was of interest to examine
the effects of certain air pollutants on asthma frequency and severity in young-adult
men, a potentially sensitive subpopulation, in Israel.
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Study goal /ApNNAN N"A5N2 NYTAINY 9D ,21TInN 2 N'9'$50 nun .2

The fourth module assessed the asthma risk among the IDF conscripts in the Haifa
Bay Area (compared to Tel Aviv and Hadera). The main objective of the study was to
examine the association between asthma prevalence and air pollution among the IDF
recruits who live in the HBA.

:Research methods / nu115n mow .3

Medical records of 13,875, 16-19-years-old males, who underwent standard pre-military
service health examinations during 2012-2014, were examined. Air-pollution
assessment for NO,, SO, and PM..s were performed by using geo-spatial analysis and
linked to the place of residence of each subject in HBA based on ZIP codes. Assessments
of past exposures during one years prior the medical examination was been carried out
by using annual exposure average levels of air pollutants. Non-parametric test was used
compare asthma prevalence in different areas in the state of Israel. The analysis of
asthma risk factors have been assessed using conditional multivariate regressions
analysis, to assess the association of air pollution exposures, and asthma prevalence
and severity (for mild and moderate-severe asthma separately), controlling socio-
demographic variables, for each pollutant’s estimate. In addition was assessed the
proximity of the Petrochemical industrial area on the occurrence of asthma in HBA.

— NX¥IM 19500 XN 5212) Aapnnn NMO1YDIX ¥ Np1Tn NNTan.3.1
.(Exclusion criteria , Eligibility

The study population was drawn from 13,875 male 17-year-old young-adults who
resided in HBA and in Tel Aviv and Hadera, Israel, continuously for at least 3 years.
All young adults were examined using a uniform and standardized protocol, including
a health-status questionnaire and information on demographic variables. The
enlistment health assessment protocol varied for women, and thus, only men were
included in the current study. Young-adults residing in localities with at least 50 or
more recruits per year, to enable generalization, and having at least one air quality
monitoring station (AQMS) in proximity to their residential district, were included in
the study population.

NOWNN ,NpPNNN NMD1YIIX M2V DININ MOX N9IPN 2¥ Np1Tn NNTaN .3.2
. Time frame for health effects and exposures /D"Z&/n D 2NE/NN

This group included practically all young-males, candidates to the military service,
who underwent medical examinations during 2012-2014, as a part of their enlistment
process to the military service.
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Health data

The medical history of each participant was obtained from the family physician in a
structured protocol. When there was a current or previous physician diagnosis of
asthma, or a positive reply to any question regarding symptoms (recurrent wheezing,
exercise-induced cough, and reoccurring nocturnal cough), the concerned person was
referred to a pulmonologist for additional evaluation with instructions not to take any
asthma medication on the day of pulmonary function test (PFT). Pulmonary evaluation
included a physical examination and spirometry at rest. All young adults, except those
with overt clinical signs and spirometry evidence of severe airways obstruction also
underwent an exercise test, comprised of a 6-min treadmill exercise running at a speed
of 5 km/hr at an inclination of 10° while breathing room air (22°C, 50% relative
humidity). Pulmonary function test were performed 5 and 10 min after exercise to
determine % decrease in forced expiratory volume (FEV:). Following this examination,
each asthmatic participant was assigned an asthma severity code, according to the
severity of the disease, history of asthma, lung function test, and prescribed medications
(GINA, 2015, Katz et al., 1999). Based on these criteria, asthma severity was divided
into two categories for the present study:

Mild-asthma (Intermittent Asthma) — Young subjects with history of asthma that had
been in clinical remission for at least 3 years, who had normal spirometry (FEV: > 80%
of predicted) and decrease in FEV: < 10% after exercise, and those with history of rare
asthma exacerbations that did not require regular-medications.

Moderate-severe asthma (Persistent Asthma)— Young individuals with a history of active
asthma that required regular (controller) treatment and young adults with abnormal PFT
and response to metacholine challenge (metacholine <4 mg/ml) were placed in this
category.

Environmental Data

The environmental variables include half-hourly measurements of: NOy, SO, PM, 5 that
were conducted by the Ministry of Environmental Protection, Independent Unions of
Towns (UTEP). The measurements were available from 2011 through 2014.

Data on air pollution exposure levels at the place of residence of a certain subject were
obtained from a network of 25 AQMS and averaged to estimate annual concentrations.
As a proxy for cumulative exposures, 1-year annual averages of NO,, SO, and PM 2.5
concentrations were utilized prior to the medical examination of each participant.

For examinees from HBA a process of encoding the residential address/zip code by using
computerized tools — a geographic information system (GIS) was conducted. Air
pollution concentration for the subject was calculated using IDW interpolation method
regarding the levels of pollutants obtained from the closest monitoring station to the
residence of the examinee.
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/ DM"20NN DYINPNN N9'WNN NN S NPT NO1won mMTan 3.3
.Operational definition of research variables

The exposure variables were explained in the 3.1-3.2 paragraphs.

Data for several potential covariates that are known as predictors for asthma were
examined, including: age, socioeconomic status (SES), education, cognitive-abilities,
body-mass-index (BMI), and country of birth, immigration date, and number of siblings.

,pPNNN NMD1YOIX NX DN S M0DN NTN) DN'MY2am NN pn 3.4
.Data sources and limitations / (MIN'NM 9PN ,0MON D'21N] PN

Health data and demographic variables of examinees were obtained from the IDF. The
strengths of the study are the large population based cohort of young adults and the
comprehensive medical information on each participant, which included spirometry at
rest, exercise, and metacholine challenge for each participant. However, the smoking
habits were not considered in the analysis, since these data were not available in the
medical records. As a proxy, SES might be used for smoking habits. Several studies
reported a significant correlation between SES and smoking habits (Dubnov et al.,
2007; ICBS, 2009). Hanson and Chen (2007) and Portnov et al., (2012) found that
lower income might be a risk factor for teenage smoking.

Description of health measures / D™MX™M2N D'X¥NN S NPTTA NMTaN 3.5
used in the analysis

/ DMPWN DINT NIMpR DIp1 pNnn X S NN NN .3.6
Exposure matrices

The study goal was to examine the prevalence of asthma among young-adults who
resided in HBA* and in Tel Aviv and Hadera. In addition, the relationship between air
pollution parameters on asthma prevalence was examined in HBA at their point of
residence in relation to the petrochemical industrial area and the main roads by
using the distance from these sources.
VA0 MMp L XNK NP, TP8IN DMp,pYoXa <1Mp 0 NMp ,N9'N) N9'N Y9N *
QX Sm,NTN (%R0 Ny e

MUMON NIRSN 4

NN D'ONNPNN ¥ Yp1 MNDN NINXNNN MX520 - 0NN XN .4.1
D NPNN NIA29NN 2/ DA XN 9'0IND 22 ,0N%Y ND'NN "IMOXN DN
Descriptive statistics of the research variables. / N©'&/NN "IN¥/N1 D™MYNN
.N"172 4.1-4.2 Mx%202 0D'VNOSN DNIN

General description of study results / (N2> Nr2rN) MIXYINN 992 NN .4.2

Table 4.1 presents the total number of recruits form different cities along the study
period: 2012-2014. As expected there are mark differences in a number of recruits
among the different cities reflecting the size of the total population in this location.
This table includes recruits from Tel Aviv and Hadera for comparison. However, the
analyses that will discuss address only the air pollutants in HBA.
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Table 4.2 shows that there is a difference for some demographic parameters between
subjects with asthma and without asthma. For example, a higher occurrence of asthma
among adolescents who were born in Israel compared to those who were not born in
the country. There is a higher risk of asthma in adolescents with overweight and
underweight. Low socioeconomic status is a risk of asthma. People with allergic
diseases and upper respiratory tract dermatitis also have an excess risk of developing
asthma.

Table 4.3a indicates that generally during 2012-2014 the prevalence of asthma is
higher among recruits in Tel Aviv (8.86%) than in HBA (6.96%) or Hadera (6.09%).
Figure 4.2 is a graphical presentation of a table 4.3a. It shows that between the years
2012 to 2014 the prevalence of mild asthma was higher in Tel Aviv (5.31%) compared
to Hadera and HBA (3.17%). Moderate-severe Asthma rate in Tel Aviv was similar
(3.45%) to Haifa (3.79%). In Tel Aviv about 39% (174/442) of the recruits have
moderate-severe asthma compared to 64% (276/507) in the Greater Haifa and 48%
(45/94) in Hadera.

Table 4.3b presents Multivariate Logistic Regression Analysis (MLRA) showing OR of
asthma risk in Hadera and Tel Aviv with respect Haifa. It shows that in Tel Aviv
OR=1.131 95%CI (0.735-1.742) indicating non-significant higher risk in Tel Aviv
respect to Haifa.

In Hadera the risk is somewhat lower in Haifa but not statistically significantly
OR=0.874 95%CI (0.695-1.099). Similar analyses were done for mild and moderate-
severe asthma separately. The same trends can be demonstrated, but not statistically
significantly.

Table 4.4 shows MLRA examining the relationship between concentration of air
pollution levels and asthma morbidity and severity. No significant association between
the various air pollutants (NOx, PM.s5, and SO.) and asthma morbidity could be
demonstrated.

Table 4.5a demonstrates that by using linear distance model in MLRA controlling the
socio-demographic, geographic variables and fine particles (PM.s), from 5 different
facilities, was found a trend for a higher risk of asthma morbidity, and the distance
from the petrochemical area (p=0.056).

Tables 4.5 b-e illustrate similar MLRA performed by using linear distance model to
evaluate the proximity from other facilities such as: the oil tanks, K. Haim, the Airport,
the power station, and the small oil tanks, on asthma morbidity. No significant
association was demonstrated between the linear distance from these facilities and
asthma morbidity.

However, when the squared distance was introduced to MLRA as described in Table
4.6, controlling the socio-demographic variables and fine particles (PM,s), from 5
different facilities, was found a significant association (P < 0.01) between the proximity
to the petrochemical plants and the effect on asthma morbidity.

/ NIAYINN NIXYINN S 0 NON 219 120N Discussion of results and conclusions
Based on the health data obtained from the IDF, the results of the study illustrates
the prevalence of asthma among the recruits from HBA is somewhat lower than in Tel
Aviv. In addition, the present study demonstrated that socio-demographic variables
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affect asthma prevalence among young adults, such as socioeconomic status, country
of birth, BMI and allergic diseases.
The results in Figures 1 and 2 illustrated that asthma cases are not dispersed evenly in HBA.
It seems that there are certain locations with higher concentrations with asthma compared
to the other locations. The 1% figure shows the uniform dispersion of the population in the
region due to the topography, with a relatively dense population and in the valley of the
Carmel Mount with the population density is sparse. The topography influences pollutant
dispersion in relation to residents who live within the petrochemical factories, which makes
it difficult to draw conclusions.
The tested pollutants in this study (sulfur oxides, nitrogen or fine particles) did not show
association with asthma. Thus, it is recommended to examine other pollutants that may
exist in the area and effect on the occurrence of asthma. In addition, due to the topography
of the region other models should be implemented to estimate the personal exposure of the
individuals in this region. All of these can enable more accurate assessment of stationary
sources of pollution and its impact on the incidence of asthma.

Conclusions
The results of the present study indicating non-significant higher risk in Tel Aviv respect to
Haifa. The results of the current study demonstrated positive statistical associations of a
higher risk for asthma related the distance square model of proximity the petrochemical-
industrial facilities in the HBA region, indicating of the pollutants dispersion generated of
the industries and dispersed typical plume.
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EPIDEMIOLOGICAL MONITORING OF THE HAIFA BAY
AREA: 2015-2020

1%t Year report

ABSTRACT
Background

Measured air pollution in the Haifa Bay Area (HBA) has been declining in the past
decades. However, there is still uncertainty whether these positive changes are
accompanied by significant reduction in morbidity and improve health status of the
local residents.

Data of the health status of the Haifa Bay Area (HBA) residents are rarely published and
the actual epidemiological situation in the HBA is largely unknown. Although there are
some indications that cancer morbidity in the area has started to drop after the year
2000, it is unclear whether these changes signify a sustained trend or just temporary
fluctuations.

Research Goal and Objectives

The study aims to determine whether the ongoing reduction in air pollution, observed
in the recent years in the HBA, resulted in a sustained improvement of the health status
of its residents.

Specific objectives of the study are:

e To determine the geographic patterns and prevalence rates of population
morbidity in the HBA, relative to the cities of Tel Aviv and Hadera, used in the
study as comparative baselines;

e To monitor prospectively annual changes in the geographic patterns of
population morbidity and morbidity prevalence rates across the HBA relative to
the “baseline” cities of Hadera and Tela Aviv;

e Toinvestigate the strength of association between population morbidity and air
pollution in the HBA;

e To trace annual changes in the strength of association between the observed
population morbidity and air pollution exposure in the HBA.

Monitoring Approach

The present health-monitoring project uses existing health monitoring data sources
that are computerized and readily available.

The project includes six research subtopics (monitoring modules) and analyses cancer
incidence, health status of the newborn, children's asthma morbidity, and asthma risk
among the IDF conscripts. In addition, biological monitoring of air pollution impact will
be performed. The last module is air quality monitoring section which supporting
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module for other modules in the project, suppling these modules with relevant air
pollution information.

Subtopic 1: Cancer incidence in the Haifa Bay area and its association with air pollution
(Prof. B.A. Portnov (PI; University of Haifa); Prof. B. Reiser; Dr. |. Dattner, Dr. L. Keinan-
Boker, Dr. B. Silverman, Dr. M. Zusman, Dr. Z. Kaufman, Mr. H. Ship, Ms. N. Rybnikova,
Ms. A. Svechkina, Ms. S. Davarashvili).

The first module analyses lung and NHL cancer incidence in the Haifa Bay area in 2012
and its association with air pollution and other environmental attributes and compares
the incidences rates of the subject cancer types with the incidence rates of these
cancers in the Tel Aviv and Hadera metropolitan areas. Non-parametric tests and
multivariate analyses were performed to examine the associations between cancer
types under study and environmental conditions in the HBA. In addition, geospatial
analysis was used to identify potential cancer hotspots.

According to the results of the analysis, age and sex adjusted standardized incidence
rates of lung and NHL cancers in the HBA in 2012 were higher than the national
averages but similar to the rates of these cancers in other metropolitan areas under
comparison (Tel Aviv and Hadera). However, the study detected a number of hotspots
with elevated cancer incidence rates. These hotspots are located in the Krayot area
near the industrial zone, around the Carmel ridge, and in the southwestern part of
Kiryat Tivon.

According to our estimates, residential proximity to industrial areas and air pollution
(measured by the existing monitoring network) help to explain up to 20-22% of the
observed variation of lung and NHL cancer incidence rates (depending on the cancer
type). The absence of data on air pollution (and/or soil contamination) by volatile and
semi-volatile organic compounds makes the analysis of the association between these
types of air pollution with cancer morbidity unfeasible.

Subtopic 2: Health status of the newborn in the Haifa-bay area and its associations with
air-pollution (Dr. 1. Kloog (PI; Ben-Gurion University for the Negev); Prof. B. A. Portnov,
Prof. ). Schwartz).

The module analyses the health status of the newborn in the Haifa Bay area (HBA) and
its association with air pollution and other environmental attributes. The data on 6,614
newborns were received from the Ministry of Health computerized system, and 5,702
records were successfully geocoded. Non-parametric tests and multivariate analyses
were performed to examine the link between the health status of the newborn
(measured by birth weight and head circumference at birth) and environmental
conditions in the study area, controlled for several individual level attributes of the
newborn and their families. In additions, geospatial analysis was performed to identify
potential hotspots.

Several hotspots of low birth-weight and head circumference were identified. These
hotspots are located around the Carmel ridge and in the Krayot, near the industrial
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zone. The multivariate regression analysis revealed significant associations between
the observed health status of the newborn and several environmental variables,
including proximity to the main thoroughfare roads and proximity to the industrial
zone.

Subtopic 3: Trends and changes in children's asthma morbidity and its associations with
air-pollution (Prof. K. Karkabi (PI); O. Steinberg, S. Vinker and Prof. B.A. Portnov)

This module studied the trends of asthma morbidity in children, based on Clalit health
services database. Population of 6 to 14 years old children was mapped using GIS tools.
Asthma incidence was measured either using the diagnosis of asthma by a physician or
based on the prescription of medications for asthma. The associations between asthma
morbidity and air pollution were assessed using non-parametric tests and multivariate
analysis tools. Geospatial analysis was performed to identify potential hotspots. Rates
of asthma in children in three metropolitan areas (Tel-Aviv, Hadera and the Haifa bay
area) were also assessed and mutually compared with asthma incidence rates observed
in the HBA.

Asthma rates among the study population were estimated to be between 2.2% and
3.3%. Asthma rates in Hadera were found higher than those in the HBA. The measured
air pollution and distances to industries and main roads helped to explain up to 26% of
the asthma cases among children in the Haifa bay area. Geospatial analysis revealed 3
areas with elevated asthma rates: the Carmel ridge, the lower city, Kiryot and the north-
western part of Kiryat-Tivon.

Subtopic 4: Assessment of the asthma risk among the IDF conscripts (Prof R. Carel (Pl);
Prof. B.A. Portnov, Ms. N. Greenberg, Dr. A. Tiktinski)

The fourth module assesses the asthma risk among the IDF conscripts in the Haifa Bay
Area (compared to Tel Aviv and Hadera metropolitan areas). The main objective of the
module is to identify asthma incidence risk among the IDF recruits who live in the HBA
and to investigate the association of the observed asthma risks with air pollution to
which the conscripts were exposed prior to their recruitment. Non-parametric tests
and multivariate analyses and, in addition, geo-spatial analysis were performed to
examine this association.

Results: under review of data safety board of the Israel Defense Forces.

Subtopic 5: Biological monitoring of air pollution impact (Prof. L. Fireman (PI; University
of Tel Aviv); Dr. A. Bar-Shai, Dr. G. Eliyahu, Dr. P. Chuwers and Prof. |. Udasin)

The goal of this study module is to analyze the actual exposure of adults in the HBA
through biological monitoring of a cohort of residents, represented by students and
policemen. The study aims to demonstrate the actual levels and chemical composition
of air pollutants accumulated in the bodies of young, healthy subjects. Helsinki and
ethics committees have already approved the procedure for this research. The study
will start in 2016.
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Subtopic 6: Air quality monitoring (supporting module) (Dr. M. Zusman (PI; University of
Haifa); Dr. S. Paz, Dr. I. Finero and Mr. Tamir Gadot)

This module provides support to other study modules: it assembles maps and analyzes
air pollution in the HBA, using data reported by the local Air Quality Monitoring Stations
(AQMS). The module summarizes the annual 24h averages of SO,, NOy, PM1g, and PM2 5
air pollutants for individual AQMSs located in the study area.

According to our results, there were no fundamental changes in average annual
concentrations of the above mentioned air pollutants during the period of 2003-2014,
albeit some decrease in the annual concentrations of NOx and SO; was detected. On
the overall, the observed levels of the subject air pollutants were found to be lower
than those in the Greater Tel Aviv area and similar to those in the Hadera metropolitan
area.

Relatively to Tel Aviv and Hadera, the measured air pollution levels in the HBA appear
to have improved over the study span. However, sue to the lack of information on
volatile organic compounds (VOCs), which are not continuously measured by local
AQMSs, we were unable to estimate and map concentrations of these pollutants and
analyze them in conjunction with the observed morbidity patterns.
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