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Ahstract

Thiz paper aimy io identily contribuling factors and geopraphical correlations to asthma patientz in New
Sowuth Wales, Awsiralia Socio-demograplic data such az poverfy/income ievelr and arthma triggers e.g. air
polbdion ae axamined Not only the percentile arthma pattents within a given geopraphical areas but alse
spatial relafionships omong contributing factors are shudied, The main consirgint of previous shudies iy thai
delailed geographic information of axthma patients s wnavailable die i the confidentialily iosues. Spatial
fimctions and dobare querles are wilfzed in this sady v order o overcome soch o defrimental
disadvantage and restore the seographic information up Io the posicode fevel bared on o population-weighited
interpolation. From previows study rexniis In other cowntries, infiuencing faciors io asthmsa prevalence in
NSW are hypothesized to be poverty/income levels and air pollution. However, this sudy indicates that no
stativtically mearinglil correlation between paverfy/income levely and authma ocowrrences in NEW s found,
Eleven suburle in non-meiropelitan arear sxkibll a relsiively kigh raie (grecter than 1% of axthma
sccurrences. Thic fluding ie also different from the previous study vesult that actfoma patlents are Hkely found
in e cifies, Sigificood air polhdion n close proxinily fo an area with a Mgh rate of athmg pafierds is
identified by o buffer analysis. Particulats matier of less than 2.5 micrometsrs is identified as a strongly
contributing factor to the largest momber of asthma patients. The relationships between alr pollution and
arthma intenyiiy from this siudy are wreful information 1o alert arthmg »gfferers o be awere of the levels of

air polfution, weather conditipns, and lpcations wiere kigh levels of poiidants are amlicipated.

1. Intreduction

The incidence of asthma, & commen chronic discass
of the alrweye, sipnlficantly Incressed worldeide
over the peat few decades (Koren, 1995). Acconling
to Mational Health Survey (MHS) in Australia in
2001, aborat 12% of Acstenlians suffer esthme, In
the same year, 175 males mnd 247 females died from

counirics sroumd the world are expected to prevail
over the next few decades, which will forther
incremze the nmmber of globel esthme petents. By
2025, the poporien of the cdoonic asthma
population is eximated to grow up to 14.7% in
Aumnﬂamdupmlilﬁhﬂmzﬂlmd{umﬂ
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can aseist health expertas to identify and address
bealth problems, GIS has bean weed o mesudtce the
ouwbresk of an epidemic (Rob, 2003) end explore
the stats of a nation"s health {Gaodchild, 1993). GIS
hag bt also vesd in various health—cars stodies in
order to idemtify comrelations between air pollution
and health problems {Huoen et al., 2006 and Kuipar
ot al, 2003). Asgihme mesearch glso hes bheen
conducted to monitor and evaluste spatio-temporsl
data {Peled et al., 2006, Englich et al | 1999, Choi et
al., 2006 and Zeitz et al., 2006}, The main cbjective
of thie sindy ia to cxamine not only the patient deta
bt aleo nocio-demographic don of asthma paticnts
{&g powertyincoeas levels) so that G5 cao be folly
utilized to obtain pertment imformation such ss the
imersity of the arthma petients, the comslation
betwecth  poventy/incone  levols  md  wsthos
occmrenced, the gramilarity of pellntenta as sathma
triggere, sbe. From previcus sindy resmlte in other
comtties o US, indfhwncing fwiorgs to ssthms
prevalence in NSW i hypothesimed fo be
povertyfincome lewals and air polbdion. Any heahth
date 1y confidentdsl by b netoo and tewefore
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detailed peographical information of asthma patients
is typically either mavailable or destroyed. This is
the major source of emore in existing GIS-bared
agthma pludies. The datesets veed in this sludy is
collected In the 2000-2001 time fume. The
gitributes of the dataceir mre clamsified inbo four
main catepories: sir polhmion, bealth status,
populstion end finenciel status. The methodology
adopted in this shady differe from previons shadies in
that the geographical information of asthma patients
muhmleduptutpputmdulwelmnmlquﬂm

geopraphical wniformity im order o enmume
conmistency thronghort the dats eralysis.

2. Methodelogy

The sathrra patient deto i@ obtmined from the
Anstralian Fnsttute of Health and Welfure (ATHW)
mnd is clagsified a3 New South Wales {NEW)
hospiinl eeparation dets The dats records with »
populstlon of less than 1000 pecple aw cnitted
fiom the emslyaie in order to trim data outliers off
The ideal pecenario for this type of analyeis ie to have
accosd 1o dada thad accurately locates the locatlan of
the psthme ocaurences, bowever, the point dats was
uhavailshle at the time of thie shudy dus o the
patient peivacy and thevefors the complexdty of the
analywie procese ie incressed. The claesification
ehown in Figure 1 is & geographical disribntion of
asthrne petients loaving hospital in esch postcods
area during the time fame of Joly 2000 until Jone
2001. The smallext clacs represents a range of (-3
poatients, The largest clasy tanges fivan 264 o 413
paticnts. Afr pollution has been known ag the major
ifhuencs on  asthma  patients.  Ambient
otrvitotittetital exposares 10 ozobs, solfoe dexdds,
nitrogen oxides, Berosola, and particulste matter
(pm!nnnnmﬂyﬁmprhclu}muthmﬁnm
(Ecoren, 1995 end Rob, 2003). Swdy by the
Woolcock Inefitute of Medical Resemrch suggests
that smulfir dioxide at a low lewel {p.g. 0.25-0.5 ppm)
cunn g wsn ettack 0 asthme  patients,
Contrestingly, 8 higher level {up fo 5 ppm)} of mlfir
dioxide does not affiect normal peopls (Marke,
zmmmmdmmmnirpuﬂumuﬁmw
cmikfions may bBggmvale ssthmatic symptoms
(English et al,, 1999}, Air polhption is likely to haye
6 greater iropact o children patients whe heve 1o
gecess o routine medical cere (Betea, 1995).
Quarterly mesnitoring of air quality in NSW
measured from Joly 2000 o Jume 2001 is obteined
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The quarterly datn is then merged and averaged fo
cbtain &n emmnel figme. As monitoring of esch
subsbmee requires a different process, not all
substances can be mamitored at each gite, This
gituati 1i the i ti The
detn containe sir polhdtion indexes: ozone (Oy),
nitrogen dioxide (NO), nitropsn oxide (NOx), nitic
monoxide (CO), lead (Fb), cadminm {Cd), end
particulate mateer (FM), In this emdy, the
agscasment of PM i@ pamowed down fo twe
catcgorics: PM;, that represcnis particulsbe matter
betwoen 2.5 pm and 10 pm, and Tapered Flement
Oecillating Microbalance (TEOM-PMia) of less
fhen 2.5 pm. This methodology ie based on the
pevioue resenrch on the substances that oe mostly
influential to esthma patients (Rob, 2003). The
population dets at the powteode lewel hae been
obiadned fivm the Austrelizn Buresu of Statistics in
2001. The dets ig then combined with the patient
data in order do obimin percentilec mbes of asthma
patients in each areq, which is the begls of all spatial
analyaca i this study. It is known that there exists
an aeeocistion between ssthma ocourences and
peaple with e low socio-econcmdc sietog. The
previlence of asthma has decreased when the family
and Prevetttdon, 2001). Higher asthrns prevalences 1s
alzo recognized in omer city mreae {Rob, 2003). In
Anstralia, the powerty line for Jnne 2001 in £561.88
per week for & fonily income undt comprising a
couple plug two children where only the bead of the
family iz in workfores (Tohnson, 2001). To forther
ivestigute socloecomcenlc sapocts of the stady,
fmencial dats ig collected through the Australian
Burean of Statietics. This deta is obtained per
postcods toglon and iy the medlo weekly itcone
rnge from $200-$299 wp to $1,500 -$1,999 (gcc
Figure 7).

3. Geocorreintion

By plotting the percentile ssthma occorrences in
each posticode aes e llostrated in Figore 3, ome can
scc that the mesn valoe is .26 % and the medisn in
0.21 %. There exist highly denze areas {above 1 %)
ay listod In Teble 1, Unexpectedly those aees me
located oniside the metropolitm citics. Figure 4a
shows thaet the Pearson product-snoment correlation
coofficlont botweon fw population and the astlere
ecourrences ig 0.859. Therefore the matio can be used
ty predict the nomber of asthmp patients of the
populstion incresses. However, a3 shown in Figure
4b, there cxists no indication that poverty or 2 low
income is a comtributing fictor to the aethma
prevelence,




13

monbppE”

t3aiR0058
tuEs

=l e o

Fignre 3: Percentile asthma occurrences par posteods
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Figme 4: Correlation between the momber of patients and 6) populstion or b) ncome

Table 1: Areax with high ssthine occntretces

Nomber of
Pestcode Paticats Population | Rate (%)
2402 34 2104 1.452
2545 17 1075 1.58
2840 62 3973 1.56
2672 27 1768 1.53
2799 44 3540 1.24
2660 15 1376 1.09
272 32 3010 1.0
2341 15 1446 1.4
2832 32 3148 1.02
2615 19 1885 1.1
2784 11 1094 1.1
Table 2: NEPM Ambient Air Quality Standards
Polletant Averaging Standard or goal
period | (Maximiom camcentration)
Carbean trieoids (OO} 4 Tunats 2.0 s
Nitrogen dinxide {NOw} 1 hour 0,12 ppm
1 year 0.03 ppm.
Photochentical oxidants meamned as ozome §04) 1 hour 0.10 ppm
4 hors 0.08 ppem
Snlphuor & oxckle (FO00) 1 Toomn 0.20 ppwn
1 year 0.08 ppm
Lead {Ph) 1 voar 0.50 peim*
Particles < 10 pm {PM;0) 1 day 50 pgfm®
1 vear 30 ppim*
Particles < 2.5 pm (PM; 5} 1 day 25 pgim®
1 year § pg'm*

Austrelie's air quality standards fligted in Table 2}
are egtablished by the National Environment
Protection Measnre for Ambient Air Quality (Air
MNEPM} on 26 hme 1998 (Department of the
Environment and Heritags, 2004), Fipure 33
roprescnty the ozome levels overleid om the
Valley ncluding Newcasfle, end Wolloogong. The
lergest reading ie foumd in the omber Sydney suburbe:
Oakdale and Kureajong Heights, The nzone level of
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0.12 ppm for 1 hour ik clessificd aa having an cffect
on asthmp epfferes (Solidbry and Fereari 1597,
Eclrl et sl 1999), As the renge ends st the
maximnm value of (.025 ppm, it is belicved that
omme doee not impact rmch on gethms arfferses in
NSW. As for Nitogen dioxide (NO;), smaller
readings are evident in the onter aress of the city
and mmch larges vahoes in clogs proximity to the
ooast end the indosirial mrees (Figore 5b). NO; is
clansified into two levels: low (<75 pg/m’) and high
{14 pp/m™ (Chuhsn et al,, 2003),
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Figure 5: Polhrtarts overlaid with percentile patient dain-
a) Oy, b} NO,, <} NO, d) NOx, ¢) SO, f} FM, 5, £} FMyy, b) Ph, §) CO.
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This ¢laseification con be converisd to a lewel of
0.00399 ppm 8y low end 0.00745 ppm es high by
ammuming that the vohme ix 24.5 titern ot 25 degrees
Calgine. Witric oxide (NO) and nitropen oxide
{NOx} show B gimiler ion to each other
(Figures. 5c end 5d, respectively). Sulphir dioxide
(80,) hag a B emaller repregentation than other
polluiants. The level of 2.5 ppm & koown = B
potential axthma trigger. This level is represented by
the largest circle in Figure Je, snd can be pown at
pumdeﬂiTmeNmmsIkapuholu
heve been knmowm ne the major problem for

regpdipdny  dipsapes becagge, the praller the
particles mre, the decper they are able o pencimte
into the lmgs (Horstmam, 2008). Therefore the
distribution. of FMz, iz of particular intevest to
aethme patients. As seen I Pigore 51, high readings
of PM; + are cheerved in many nurl sreax, whereas
FPhdyq e foand in the central ity aress only {Figuam
5g). Therefore one can conclude thet FMzy &8 B
ecricas threat to asthma patiente in WSW. This
hportanst Boding explatng why therw exist dense
asthme coanTenced in non-metropolitan arcas {gce
Subsection 3.1% There ie no suggestion that efther
Isad (Pb) ot carbon menoxdde (OO influsiwes the
apthme cooanrences. These two subsiences are both
clasaified an intignificant in thin debate, and the

Figura &: 10lom and 20km rffer zones from posteads 2770 with mumemnding mondtoring etatiots
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overlay oniput eupports the assertion (Figuree, Sh
mdi:,rupeuhwljr}.ﬂuﬂlmhhnmhnwrudmgs
of high lewels in Wmner city regions. Buffering
Anﬂmﬁpahalmhrmmdmmmdymnhdu
deviging 8 aeries of query hmetiona to determine
factors acrose datarets, amd pdncing polygon
oveelaye, Factors sikh a8 wingdd and  weather
oonditions have en impeot oo the locstion of eir
pollution and how it travels ie related to the land
wpography, Larpe particles gre teanseported into the
air up te distanocs of 50 metres, wheress e
particles and omome cean move acrome the region
{Kuiper et al., 2003), Bacanse alr polhution pengors
arc mparsely located, the disbritaution of sir polhation
should be mterpolated The buffering finction i
usad to esthmats the digtritmtion of alr pallution in
the study erea. The ssthma mie in Postoode 2770 is
mnexpectedly high {0.72%). This fact carmot be
explained if the importam factor PM;. and other
pollutenis are cxmmined. By the use of buffers for &
Imowm dietance per ppm of PMay:, a shrong
correlation between the sobstance and the are is
identified. Figure 6 is 8 result of the taffer smatynia.
High levels of readings in Blacktown (2148) and
Crevstanes (2145} with thede wind divection towmds
Poatoode 2770 explaina the result

1T,
i nj.?
‘I - 1;._-. i ) ". F . ne- 185}

ot wrr} - .5.-. Vg2
» S 25 1R E)
"!!HII-l?B'a
b B T3 1T
& 88T 1T
B W.17- 2008
lzone (ppmd
« G5




4, Concdusiens
Onc of the main challenges to thia study was to
syure the compatibility among the datasets. From
previcus gtudy resuls m other commtries g US,
mfluencing factore to asthma prevalence in NSW
wers hypothesized to be poverty/incoms levsls and
gir pollution. However, this study indicates that no
pintinfically meaningfil comelslion  hetween
povertyfincoms levels and asthimg occurences in
NEW is formd. Eleven suborba in non-metropoliten
preax exhibit a relatively high mbe {greater than 1%)
of agthma ocenrrences, This finding is alse diffvent
ﬁumﬂ:.emvmuimdyrmﬂt&utuﬁmnpmm
pre likely found in inner citics. Significant air
poliotion in ¢logs proximity to an avea with 4 high
mate of esthma petients is identified by a buffer
analynis. DPerfienlste matter of less than 2.5
mirreaneters 1 identifisd ag 3 strongly contribating
factor to the lorgest number of asthma patients. Aa
there in no form of prevention for asthma sofferere,
hmﬂhv&hﬂem&vﬂwmmm

mcdtmring, This will allow asthma. sufferers wha
concan afr pollution 2 their sathma trigger to
aware of the daity or even honrdy level of polhtion,
weather detalle and the expecind locatlons whers
high levels of an aethme trigger are cxpected. Thia
ruurnhunalmpmvi&ﬂnhulﬁinﬂmtrywiih
intreative ways W integrate itz date and eccess
GiIs. Itmheuedfordmmkmgmh
finding locatione of mew clinica and hospitale,
speeding of public heelth funds, creating health
policy end determining which eress require resource
allocations.
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