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3.

NARODNI REFERENCNI LABORATORE - SDELENI

ZN.: HEM-300-15.12.04-503/05
HEM-300-8.9.04-2677/05
HEM-300-1.3.05/7359

REF.: MUDr. Adriena Hammerova, Ing. Pavel Subrt

Ministerstvo zdravotnictvi schvalilo

- zménu ve vedeni Narodni referencni laboratote pro generickou toxikologii ve Statnim
zdravotnim ustavu v Praze.
Vedenim byla povétena RNDr. Danuse Ocadlikova,

- ziizeni Narodni referen¢ni laboratofe pro monitorovani biotickych faktort zivotniho
prostiedi ve Zdravotnim tstavu se sidlem v Brng¢.
Vedenim laboratote byl povéten RNDr. Milan Pejcoch,

- zfizeni Narodni referencni laboratofe pro vyuziti GIS v ochran¢é a podpote vetejného
zdravi ve Zdravotnim tustavu se sidlem v Ostrave.
Vedenim laboratofe byla povéfena Mgr. Hana Slachtova,

- zménu ve vedeni Narodni referencni laboratofe pro vyrobky kojenecké a détské vyzivy
a vyrobky trvanlivého peciva ve Zdravotnim tstavu v Hradci Kralové.
Vedenim byla povétena Ing. Ivana Jankovska.

MUDr. Michael Vit, Ph.D., v. r.
hlavni hygienik CR




Examples of using GIS in the analysis of health data

2.1 Geographical analysis of the routine data on population health

2.1.1 Incidence of arboviruses in the selected districts of the Czech Republic
in the period 1970-2001
Polaufova P., TomadSkova H., JanuSka J.

For the purposes of the National Reference Laboratory /NRL/ of the Czech Ministry of Health
for arboviruses situated in the unit of microbiology in the Institute of Public Health in Ostrava
was realized the simple interface of health database and attribute table of districts in the Czech
Republic. This procedure enables to present any health indicator from the routinely collected
data. The minimal geographical unit in these routine data is a district.

Infected dog-flea in the Czech Republic (1970 —2001) by districts
v. encephalitis (TBE), v. Tribec (TRB), v. Uukuniemi (UUK)

Number of isolated arboviuses/ minim. virofor.: Nr. of analysed:

EEE District: TBE: TRB: UUK: dog-fleas: samples:
m-m AB Praha 3 0,106 - - 2 0,071 2832 141
- - - BE Beroun - - - - - - 1268 39
m - - BN BeneSov 1 0,055 - - - - 1827 62
m - - BR Bruntil 78 0,262 - - - - 29810 1088
--- CL CeskaLipa - - - - - - 120 12
- - - CR Chrudim - - - - - - 544 23
- - - FM Frydek Mistek - - - - - - 49 2
- - - JH Jindfichiv Hradec - - - - - - 60 1
- - - KH Kutna Hora - - - - - - 640 22
- - - KI Karvina - - - - - - 50 3
m - - KL Kladno 1 0,625 - - - - 263 13
- - - KM Kromériz - - - - - - 197 10
- - - KO Kolin - - - - - - 610 18
mm - LB Liberec 1 0,013 1 0,013 - - 7626 291
mm- LT LitoméFice 22 0,263 2 0,024 - - 8368 245
--m OL Olomouc - - - - 1 0,040 2471 120
mnm OP Opava 6 0,129 1 0,021 - - 4665 194
m - - OV Ostrava 6 0,097 - - - - 6205 275
- - - PB Pfibram - - - - - - 2627 85
-- - PH Praha Vychod - - - - - - 492 19



Infected dog-fleas in the Czech Republic in the years 1970 —2001
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2.2  Geographical analysis of own epidemiological studies

2.2.1 Evaluation of outdoor factors in prevalence of allergies using the GIS
Michalik J., Slachtova H., Tomdskova H.

The aim of the study was to spread the possibilities of GIS also for the analysis of the health
data. Health data on allergies in the population aged 5, 9 and 13, were collected in 1998 in the
framework of the national monitoring system by 3 paediatricians in the 3 city areas. The case-
control study analysed the information from the questionnaires. The study sample in each of
the areas was placed in the square of 1 km in the map.

The data on allergies were adjusted for sex, age, the family history and indoor-factors (mould,
animals, smoking, gas stove). The comparable data in each area were analysed using GIS on
outdoor factors — source of air pollution, traffic density. The RR for each area was calculated
and than again using GIS information to indicate the total population in the same age living in
3 squares — HIA.

Main Roads [Cars per Day] e
7N/, 5001 - 10000 Basic Demography Data 400 0 400 800 1200 Meters

7/\/ 10001 - 20000
Nﬁ: S0 mbgrl zlfz lmhzl:a.nts: 322 000 e
Forest i : . Main roads (vehicles/day)
[ Water im:ﬁ ¥$§ gmﬂg?s:fgf [ Areas F)f interest N i N ,
®  Allergic children 7%/ 0-5001
® Non-allegic AN/ 5001-10000
10001-20000
N'znom -30000

N 30001-40000

The relationship between air pollution and the prevalence of allergies was analysed. Because
the measured data were not available, the dispersion models of annual average concentrations
of the selected pollutants were used (TSP, SO,, NOy a NOy from traffic). In the three areas of
interest the allergic and non-allergic patients were selected in specific izo-concentration areas.



I:l Study areas

®  Allergic children
o Non-allergic

TSP ug/m3]

[ ]126-30
[ ]31-35
[ ]36-40

The results of the geographical analyses were consequently tested. The relationship between

air pollution and the prevalence of allergies was not confirmed; the genetic factors were found
to be the most significant predictor of allergy.



2.2.2 Evaluation of the response rate of the questionnaire study by using the GIS and
standard statistical methods
Slachtova H., Machova T., TomdasSkova H., Michalik J.

This study was a part of a larger project Nr. NJ 6139-3 funded by the Grant Agency of the
Czech Ministry of Health. The aim of the study was to analyse the response-rate using stan-
dard statistical methods and the Geographical Information System. Three thousands of ran-
domly selected population (out of 319,293) in Ostrava were invited for participation in the
questionnaire study. The number of the completed questionnaires returned was 634 that give a
total response rate of 21.1%. All 3,000 inhabitants in the sample were located in GIS accord-
ing to their permanent address.

Visual comparison of the density of the population in each municipal area corresponds
roughly with the density of the points representing individual inhabitants in the sample.

Population sample selected for the questionnaire survey Density of the population in Ostrava in each municipal area

in the map of Ostrava (Population Census 2001) A

Density of the population in Ostrava
0- 1500

[1] 2 4 -] 8 10 Kilometers

B 1501 - 3000
B 3001 - 4500
I 4501 - 6000
I G001 - 7500
[_] Borders of municipal areas N

» Respondents
[ Borders of municipal areas ik
W E
0 2 4 ] 8 10 Kilometers

5

By using the GIS analysis the percentage of those respondents who returned the completed
questionnaire was compared with the sample (the addressed), i.e. the total response rate in the
areas.



Results:

In the GIS analysis the municipal areas were divided into three categories according to the
response rate. Comparing the predominant type of housing (houses, blocks of flats) in the
above mentioned areas it was found that the increased response rate appeared in the areas with
typical suburban housing (i.e. detached houses) while the decreased response rate appeared in
the areas with town housing (i.e. block of flats). GIS was found an efficient tool for a fast and
clear analysis and comparison of some characteristics of areas (in this case expected and real
response rate) and population sample and the whole population.

Municipal areas according to relative number of respondents

Respondents/population in %
0-017 ()

B 0.21-026 (Il)

B 0.27-0.71 ()

[_] Borders of municipal areas

2 4 6 8 10 Kilometers
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2.2.3 World Health Survey —- WHO - evaluation of questionnaire response rate in GIS

Michalik J., Slachtovd H., Hrkal J.* (*UZIS Praha)

Institute of Public Health in Ostrava prepared GIS coverages for the analysis of the data from
the World Health Survey. The study was realized by the Institute of Health Information and

Statistics of the Czech Republic in the year 2003.

The World Health Survey was a project of World Health Organization. Its main phase took
place in 2002 to 2003 in 72 countries all over the world. It is a sample survey of adult popula-
tions, which should provide internationally comparable data on health states of populations

and on the functioning of health systems.

Czech Republic - Municipalities by Number of Inhabitants
(World Health Survey)

reference ponts
¥ PRP1-51.05511; 14.30107
» FRP2-48.61662; 16.94022
[ borders of areas (NUTS 2)
] borders of regions (NUTS 3)
borders of municipalities (RUTS 5)
1-999
] 1000-1993
B 2000 - 4999
Bl 5000 - 15539
W 20000 - 29599
Bl - coo00

1] 100 200 300 400 500 km

Adrnirastrative structure: 1.1, 2002
001

® Institute of Public Health in Ostrava, 2003 Population: 1.3, 21
Software used: Arcuiew 3.2

11



Czech Republic - Selected Municipalities
(World Health Survey)

@ selocted municipalities

relerence points
¥ RPL-51.05511; 1

¥ RPZ-48 61662, 16"
[ teordars of sreas (WUTS 2)
| bovrdars of mglons (MUTS 3)

o 100 200 300 00 500 km
— — —

Czech Republic - Selected Municipalities by Response Rate
(World Health Survey)

reference points

» RP1-51.05511; 14.30107

¥ PRF2-48.61662; 16.94022

[ borders of areas (NUTS 2)
[ borders of regicas (NUTS 3)
municipalitles by response rate [%)]
O 0-249

@ 25-40.9

@ 50-749
® 75-100
0 100 200 300 400 500 km

® Institute of Public Health in Ostrava, 2003 Administrative structhure: 1,1, 2002
3.2

Software used: Arcuiew 3,
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3.1

Geographical analysis of health risk by the use of GIS models

In the National laboratory for using GIS in public health the following models
are used:

Models of the group 1SC3 (Industrial Source Complex) —US EPA

CAR International

SYMOS' 97, version 99 - software for modeled calculations of concentrations of gaseous
and dust air pollutants from point, line and area sources. The software SYMOS 97 was
developed by the Czech Hydrometeorological Institute in Prague and certified by the
Czech Ministry of Environment

13



Examples of the used models

1/ The noise load from the line sources (traffic); the communications with the different in-
tensity of noise are differentiated with colours

Traffic intensities on main communications
in Ostrava — year 2003

City boundary
— Borders of city quarters
Traffic intensities (aut./16 hours)
0 - 5000
./ 5001 - 20000
20001 - 30000
30001 - 40000
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2/ The noise load from the line sources (traffic); the communications with the different in-
tensity of noise are differentiated with colours; intensity of yellow colour indicate number
of affected population

Noise emissions caused by traffic in the main communications
in Ostrava in the year 2003

City boundary
Urban bounders

Emise hluku [dB]  Noise emission /dB/
./ 50 - 54.99
55 - 59.99

60 - 64.99
%65 - 69.99

70 - 74.99
octy obyvatel Population number
0-10
[_J11-100
[ ]101- 1000
[_] 1001 - 2500
[__|2501-11500
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3/ Imissions of TSP (model 1SC3) from the stationary sources of air pollution
(REZZO I-111)

Average yearly concentrations of TSP in Ostrava (1995)

16



4/ Imissions of NOx (model SC3) from the large sources of air pollution (REZZOI) —
expressed as a percentage contribution of the total imissions

2 0 2 4 Kilometers

s ™ e =

City boundary NOXx [%] - large sources
1 Selectedareas ] o-10
Main communications (vehicles/day) :| 11-20
0-5001 [ 121-30
5001-10000 [ 131-40
10001-20000 [ 41-50
20001-30000 B 51 -60
/\/ 30001-40000 [ |61-70
71 -80

B 81 - %0
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5/ Imissions of NOy (model 1SC3) from the line sources of air pollution (REZZO 1V) —
expressed as a percentage contribution of the total imissions

2 ] 2 4 Kilometers

e ™

N City boundary NOx [%] - mobile sources
Selected areas [ ] 0-10
Maln communications (vehicles/day) [ | 11 - 20
0-5001 T 121-30
5001-10000 | 31-40
10001-20000 I 41-50
20001-30000 B 5i-60
/\/ 30001-40000 | 61-70
71 -80

B 8! - 90



6/ Traffic noise emissions in the main communications in Ostrava

Traffic noise emissions in the main communications
in Ostrava in the years 2003

[] Hranlce mé&sta
[_] Hranice méstskvch obvedil
Emise hluku [dB]  nojse emissions /dB/
SN/ 50-54.99
55- 59,99
/\/.60 - 64.99
IN/65 - 69.99
N?o - 74,99
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3.1.1 Application of GIS for evaluation of highway D47 construction plans in Ostrava
Michalik J., Slachtova H.

The study was focused on GIS analysis, which preceded the health impact assessment (HIA)
of the planed communication D47.

Using the GIS the data on estimated traffic density were analysed - predicted noise and air
dispersion modelling related to imission concentrations of NOy and benzene. These analyses
were provided in the areas of interest in relation to a population permanently living there as-
sessed from the general register of population. All analysed data evaluated two situations:
with the highway D47 construction and the status-quo; and two time periods - in the year
2010 and 2020.

Area of concentrations of NOx exceeded limit in the interval 200 - 400 ug/m3

7] NOx [ugim?]

500 0 500 1000 Meters w * &
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Time of exposure to concentrations of NOx exceeded limit
in the interval 200 - 400 ug/m3 in all study area

il | A o . e L QY

Time [hours per year]
0-50
51-100
[_]101-150
[ ]151-200

: Me 201 - 250
o A 251 - 300

2l el 301 - 350

....... = e 351 - 400

¥ .7 401 - 450
2 i e 451 - 500

VG i P - ) ' B 501 - 550
500 0 500 1000 Meters w%a

I 551 - 600

Concentration in Time [hour per year]
0-50

51-100

101 - 150
151 - 200
201 - 250
251 - 300
[ 301 - 350

351 - 400
- 450

- 500
- 550
- 600

500 0 500 1000 Meters i % &



Short-term concentrations of NOx (76.2 - 775.5 ug/m3)

Concentrations exceeding limits (IHk=200 ug/m3) - in maximum of 6.22 %/year
Maximum short-term concentrations over 400 ug/m3 - within distance of 840 m
from communications

NOx [ug/m3]
[ ] 0-100
[ ]101-200
[ 1201-300
[ 301 - 400
401 - 500
I 501 - 600
I 601 - 700
I 701 - 800

500 0 500 1000 Meters %k
, | w E

The selection of population based on short-term concentration of NO,

Time (hour)
0-50 |51-100| 101-150 | 151-200 | 201-250 | X People
Concentration
(pgm”)
135-200 A3 | 144 0 0 0 367
201-400 809 8 0 0 3
over 400 B3 0 0 0 0 3

Based on the modelled immissions level and GIS analyses it can be concluded, that the short-
term immission limit for concentration of NOy will be exceeded in the study area. In total 913
inhabitants will be affected by the concentrations exceeding limits, which is about 6.4% out of
14,313 total of population living in the study area. In only few localities the limit of 5% of
time for over limit concentrations during the year will be exceeded. Using the GIS analysis it
was found that this excess of limits (5% of time per year) would not apply in the inhabited
localities. Only using the GIS enabled to find out if the population living along the assessed
communications would be affected by concentrations exceeding limits and newly also the
time of exposure was indicated.

22



3.1.2 Estimation of lung cancer risks of coke-oven emissions using the GIS
Ceslova V., Michalik J., Volf J., Vit M.

The aim of the study was to compare the estimated cancer risk for the year 1999 (assumption
from 1994) with the , real” cancer risk for the year 1999 and 2000 based on the actua coke
production. The other aim was the specification of results by using GIS. The Czech method-
ology was used for estimation of emissions for the years 1994, 1999 and 2000. The new ver-
sion of methodology (1999, 2000) took into account the technical measures on devices. The
approved Czech methodology SYMOS 97 was used for imission load modelling. Cancer risk
assessment was provided using modelled concentrations of B(a)P being recalculated to ben-
zene soluble organics for the worse aternative - Cgso[pg.m®|=Cg(ap[1g.m*](1.4)x100 — the
US EPA method was used for health risk assessment of lung cancer risk (Ca). The identifica-
tion of potentia health risks was based on determined quantitative estimate of Ca for individ-
ual exposure during 70 years and for yearly exposure in relationship to the number of im-
pacted population.

Individual life cancer risk from coke-owen in Ostrava in 1994

City border
City district border
ILCR x 10-4
[ ] 00-100
_]101-200
; 2001 -30.0
I 30.1 -40.0
- [l 0.1 -50.0
B 501 -60.0
I 60.1 -70.0
Bl 0 -800
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Individual life cancer risk from coke-owen Individual life cancer risk from coke-owen
in Ostrava in 1999 (prediction) in Ostrava in 1999 (real)

N/ City border £\ Gty border
T City district border w*l [ ] City district border "*'
ILCR x 10-4 : LCR £ 10:4
] 00-100 - ] 00-100
1101 -200 [y 10.1 - 20.0
W 20.1 - 300 2001 - 300
E\‘“l--m“ %_wl.-lnﬂ
B 101 - 500 = 401 - 50,0
B 501 - 600 501 - 60.0
. G0 - 700 601 - 700
0 - 800 . 700 800

The results of the study confirmed the estimated cancer risk and its predicted reduction in the
1999 in the relation with the ecological measures.
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3.1.3 Estimated index of air quality in Ostrava
Jirik, V., Mikes§ P., Polaufova P., Michalik, J., TomaSkova H.

The objective of the study was to create a map of Ostrava with the possibly best description of
air quality in the whole city area. Index of air quality (IAQ) is a variable reflecting any num-
ber of pollutantsin air (methodology Kotlik, National Institute of Public Health in Prague).
The expression of IAQ is arelative number with 6 levels/categories:

clean air — health friendly

acceptable air — healthy air

slightly polluted air — acceptable from the health point of view
polluted air — endanger for sensitive people

strongly polluted air — endanger for the whole popul ation

very strongly polluted air — serious health risk

O WNPE

The dispersion models of stationary sources for TSP, SO, a NO, were completed with the
model for NOy from traffic, and the measurement data for SO,, NO,, PMjo, B(a)P, benzen,
lead, cadmium, arsenic, manganese and nickel.

Index of Air Quality

Legenda
Index kvality ovedudi
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3.1.4 Air quality measurement in Hranice and surrounding area
Michalik J., Bilek J.

The goal of the study was to evaluate a long-term measurement (Aug 2003 — Sept 2004) of air
pollution in the city Hranice and surrounding area. The Institute of Public Health in Ostrava
measured NO/NO,/NOy, PMjo, O3 and PAU in 60 minutes intervals within the specified net-
work of selected points. The measurements were realized according the methodology for in-
dicative measurement (8 weeks during the 12 months).

Location of monitoring sites in Hranice

Monitoring site
City boundary
N\ Main communications

.
S
|

' a | 2 Wikmewn Zdravotni Gstav se sidlem v Ostravé, 2004
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Interpretation of imission monitoring of NOx in Hranice
(2003 — 2004)

V/\

[] Hranice mésta
/N Hlavni komunikace
Zastavha
NOx [ug/m3]
0-40
41 - 80
81 -120
121 - 160
161 - 200

1 o | 2 W Zdravotni Ostav se sidlem v Ostrave, 2004

Interpretation of imission monitoring of benzene in Hranice
(2003 — 2004)

[] Hranice mésta
/M Hlavni kemunikace
- Zastavba
Benzen [ug/m3]
-2

t a 1 2 Klomewn Zdravotni (istav se sidlem v Ostrave, 2004
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4 The use of GIS for the purposes of health surveillance

4.1 Strategic data for crisis management and primary health surveillance in Ostrava
Polaufova P., Tomaskova H.

For the purposes of the primary health surveillance in Ostrava was created a simple applica-
tion. The location of supervised health facilities and other subjects (hospitals, pharmacies,
kindergartens, primary schools, high schools and universities, accommodation and catering
facilities, playgrounds etc.) was entered in GIS. This enables to search quickly the informa-
tion on locations of the facilities, information on realized controls and their results. The appli-
cation was prepared in ArcView and it is possible to be browsed in viewers of the firm ESRI
(ArcExplorer).

- Ostrava
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H|
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+
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+
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o Zakladni Skoly
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]

o1 Ubytovaci zalizeni
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4.2  Personal and economic analysis of the structure and activities of public health
in the Czech Republic
Vit M., Hlavac P., Rihova K., Michalik J.

The Czech Ministry of Health in collaboration with the NRL for GIS in Ostrava has prepared
a background analysis of personal structure, realised activities and costs of services of the
national hygiene service before its restructuring in 2003.

The relative number of employees in the hygiene service by 10,000 inhabitants

Pracovnici HS/populace
41-50

[E51-60
W 61-70
B 780

Average salary of the staff in the hygiene service

el =]
ocooo
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Hygiene service costs from the state budget

I 150.1- 200.0
B 200.1- 250.0

Incomes of the hygiene service from own activities

mil. K&
0.1-50.0
50.1 - 1000
] 100.1-150.0
150.1 - 200.0
B 200.1- 300.0
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4.3 Location of the imission monitoring sites in Ostrava
Michalik J.

Location of the automatic and manual stations of imission monitoring
of the Hydrometeorological Institute and hygiene service in Ostrava

Stanice Imisnfho monltoringu
A AIM CHMU

() AIM HS
A ManudInl CHMU
Manualni HS

[ Hranice mésta

[_] Hranlkce méstskych obvodt
Hlavnl komunikace

31



Presentations of thework of the NRL for theuse of GISin public health

1. Volf, J., Tomasek, I., Michalik, J., Kantor, C., Tvrdik, J., Lebret, E.: Air Quality Measurements
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