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Abstract

Background: Many epidemiological studies reported significant associations between air pollution and respiratory hos-
pita admissons. Proximity of industries to the residentia areas may have considerable impacts on air quality and sub-
sequently public health. This paper describes the indirect impacts of closing a large sted industry, Broken Hill Proprie-
tary (BHP), in the Lower Hunter region, Australia.

Methods: The number of hospital admissions for a group of respiratory diseases including al respiratory diseese,
Chronic Obstructive Pulmonary Disease (COPD) and asthma were incorporated in this study. The study location com-
prised the entire Lower Hunter, Newcastle, as the closest location, and Port Stephens, as the most distant area to the
industry. Two series of data set for 3.5 years before and after industry closure dlowed a comparison of daily hospital
admissions. Mixed Model was employed to calculate significant changes in the time series by month.

Results: While the rest of the disease categories decreased, COPD 65+ increased after BHP closure. All-age asthmain
Newcastle showed the highest decrease whereas the least difference was observed for respiratory disease in Port
Stephens. The decrease of admission rates was generaly more significant in Newcastle, where the industry was operat-
ing, than in the other aress.

Conclusion: Inconsistent results challenged the publically viewed significant role of BHP closure on public health. The
study expected consistent decreases of respiratory admissions after industry closure; however, the district results sug-
gested some impacts on community health. Incompetible findings could be attributable to other factors that dominated

the possible impacts of BHP closure.
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Introduction

The Lower Hunter region, which is situated on
the southeast coast of Australia in New South
Wales, consists of five Loca Government Areas
(LGA). Tota population of the region is about
470000. As Fig. 1 shows, the study location sur-
rounded by the coast to the east, and thereminderis
bounded by higher terrain. The region which ex-
tends from 151° 15' to 152° 10' longitude east and
from 32° 40' to 33°05' latitude south, includes the
L GAsof Newcastle L akeMacquarie Port Stephens,
Maitland and Cessnock.

The study area is roughly contained within 45
kilometer radius of Newcastle CBD, where the
major industry BHP Rod and Bar was operating.
Newcastle, as the largest city of Lower Hunter, is
the seventh most populated city in Austrdiaandthe
second largest city of New South Waes. Until the
late past century, the Hunter Region was known
for air pollution caused by the loca major che-
micd, steel makingindustries, and mining. Thecli-
mate of region is best described as mainly under
sub-tropical influence, which isgenerdly warmin
summer, mild in autumn and spring and cool in
winter. Thelevelsof air pollution arerelatively low,
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so that, dmost al the time, the pollutant con-
centrations have been reported within air-quality
standards. The areahasfully integrated industries,
steel works, mining and rail and harbor activities.
In October 1999, economic considerations led to
the closure of the biggest local steel works indus-
try, BHP Rod, and bar, located in Newcastle LGA
near the coast. This industry was the principa
source of SO,, NO, and particulate matter. In
the early 1990s, BHP was the source of around
30% of totd particulate matter, 80% of total NO
emissions and more than 90% of total SO pollu-
tionin theindustrial zone of inner Newcastle (1-2).
Theindustry was thought to endanger publichedth
by emitting pollutants in the ar, dthough, there
was no clear evidence.

Fig. 1: The Study Location, the Lower Hunter Region in
Australia

(Source: GIS Lab, School of Environmental and Life Sci-

ence, Newcastle University, Australia)

This study investigated the role of BHP closure
on public heath on alocal scale. The specific
target was investigating the differences in the rate
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of a group of the diseases associated with air
pollution before and after the closure of BHP in
the region. The study period included 7 yr, 3.5 yr
before and 3.5 yr after BHP closure (1/1/1996 to
30/06/1999 and 1/1/2001 to 30/06/2004). Thetime
between 30/06/1999 and 1/1/2001 was considered
as phase out of the industry. Choosing the same
beginning and ending time of year allowed com-
parison of seasona changes for the both periods
of study.

M aterials and M ethods

Data Collection and Manipulation

Data on daily hospital admission for respiratory
diseases for Lower Hunter residents were ob-
tained from the Centre for Clinical Epidemiology
and Biostatistics (CCEB) at the University of New-
castle. We chose three age groups to examine,
children (0-14 yr), the elderly (65+ yr), and all
ages. For al respiratory diseases only dl age group
was considered. For COPD only 65+ yr group
was examined, and the analysis was restricted to
0-14 yr and al age asthmaadmissons. Besidesthe
entire Lower Hunter, the distribution of hospital
admissions over the study period for Newcastle,
astheclosest LGA, and Port Stephens, as the most
distant LGA to BHP (asthe“control” site), are de-
scribed to eva uate possible geographica impects.
The count of admissions for influenzaand pneu-
moniawas also included for modeling purposes,
as a confounder. As other confounders, a com-
bined three-station data set for temperature and
relative humidity, were dso obtained from the air
quality monitoring stations operated by NSW De-
patment of Environment and Climate Change
(NSWDECC).

Statistical Analysis

Regarding theimpacts of BHP closure, theanaysis
was applied for whole study area, Lower Hunter,
the nearest LGA to industry, Newcastle; and the
most distant LGA to BHP, Port Stephens. The sta-
tistical approach used to examine the difference
of health variables before and after closing BHP
utilized Mixed Model. Mixed model is a gener-
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aization of the standard linear model that ex-
amines statisticd inferencesalong the dataset. The
model computes estimates of fixed effects and
valid standard errors (3-4). Mixed Model is gen-
erdly used in controlled experimental studies in
which the measures of outcome are investigated
before and after series of trids (5). This approach
was used for the first time to investigate the in-
direct impacts of an industry on public health. In
current study, the model compares the mean of
each variable, hedth outcomes, over the same pro-
portion of each pair of study period. In the mode,
each LGA was considered as an object, which
experienced two different situations in two differ-
ent periods, before and after BHP closure. BHP
closure, as the centra point in the trial, was hy-
pothetically associated with these differences. The
primary assumptions of underlying the analysisare
that the data are normally distributed; the means
of the data are linear in terms of parameters; and
the variances and covariances of the data are dif-
ferent in terms of different sets of parameters (3),
but show a matching structure (5). In longitudinal
studies such as the current one, to increase the
frequency of covariance parameters, repeated mess-
ures are taken on the same unit over time; and
these repeated measurements are correlated or re-
veal variability that may change (3). To apply the
model optimdly, the unit of repeated measure-
ments was created, as data must be similarly or-
dered for each subject. For this study the unit of
repested time was one month. As a result, each
study period consisted of 42 units or months. In-
spection of the data showed they were Guassian
in distribution; consequently, their likelihood was
maximised to estimate the model parameters.
Therefore, Residual/ Restricted Maximum Likeli-
hood (REML ) was selected as estimation method
for the covariance parameters. Compound Symme-
try (CS) was preferred for covariance structure
after comparing to the other structures including
autoregressive (AR) and unstructured (UN) co-
variance. For this study, the benefits of the Mixed
Model are its ability to directly compare and cor-
relate pre- and post-BHP admission rates. It analy-
ses the data in its origind form, and handles be-

tween and within parameter effectssimilarly. While
being computationdly intensive, it was reasonably
easy to use, and based on comparisons with other
models, such Poisson Regression and General
Linear Model (GLM), produced a better fit to the
dataset. The potential confounding factors of sea-
sonal variation, day of week and public holidays,
population, and viral epidemicswereincludedin
the model. To adjust for population, the rate of
hospital admissions for each disease was consid-
ered in the analyss. The type of test was t-test for
pair wise comparison adjustments with the P=0.05
and 95% confidence intervd. All analyses were
conducted using SAS statistical software (3).

Results

Changes in disease admissions in the Lower
Hunter Region

Number of respiratory admissions dropped from
23068 to 21277 after BHP closure. The same de-
creasing trend was observed for cool and warm
seasons, however, the decrease of respiratory ad-
missions was dramatically higher in cool season.
M oreover, thecountsof respiratory admissonswere
evidence for a strong seasondlity, peaking in the
cool season. Overdl, the daily average number of
respiratory admissionswas 20 in winter and 14 in
summer time. After closing BHP, the number of
asthma admissions aso had a sgnificant decrease
(about 35%); however, the decrease of childhood
asthmawas dlightly lower. On the other hand, the
other subcategory of respiratory disease, COPD
65+, showed a large increase (more than 30%).
These vast changes of asthmaand elderly COPD
admissions may have been influenced by the modi-
fication of definition of diagnosesand ICDs, which
isdiscussed in the next section.

Unlike for dl respiratory admissions, both increase
of COPD admissions and decrease of asthmaad-
missions were considerably higher in the warm
season. However, the number of hospital admis-
sions was higher in cool season in both periods.

Changes in disease admissions in the Newcas-
tle and Port Stephens
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All respiratory disease admissions dropped in
both L GAs after BHP closure; however, Newcastle
showed significantly higher decrease. It decreased
by about 12% in Newcastle and by 1% in the
Port Stephens LGA. The decrease was more
noticeablein cool seasonin Newcastle. All-age and
childhood asthma admissions reveaed extraor-
dinary decreases in both LGAs after BHP closure.
The decrease of dl-age asthma in Newcastle, and
children asthmain Port Stephens, appeared to be
more considerable. In addition, the decrease rates
were higher in summer time at both locations. After
BHP closure, the number of admissionsfor elderly
COPD in both locations, Newcastle and Port
Stephens, increased; theincrease was considerably
greater in the Port Stephens LGA. Moreover, the
difference of COPD admissionswas higher in cool
season at both LGASs. In general, the respiratory
categories varied visibly season by season, and
the number of admissionsin dl categories reached
the minimum values in warm season.

Essentidly, number of hospital admissionsinthese
locations cannot be compared without considering
their different populations. Therefore, by including
the population factor, comparison of BHP impacts
in terms of physical distance would be more reli-
able. Table 1 shows the daily rate of hospita ad-
missions per a 100000 population of the Lower
Hunter residents. The admission rate considers po-
pulations and their changes over time. Therefore,
it controls the population factor and gives more
precise and accurate comparable results by that
occurrence of diseases can be compared in different
periods. The hospital admission rate is calculated
by using the following formula

(Number of admissions /Population’) x A constant
number*

As Table 1 reveds, in period 1996-99, on aver-
age, 4.02 patients were admitted to hospitas per a
100000 population in Lower Hunter per day. All-
age asthma contributed around 18% to admission
rate of al respiratory diseases. After BHP closure,

" In agiven location for agiven time period
" Averaged population of the location over the time period
* Depends on the rate of disease, from 100 to millions

with the exception of COPD, the rate of the other
diseases decreased, while the greatest decrease
was observed for the asthma and specifically for
all-age asthma. In generd, the admisson rate of
diseases showed consistency with the daily hospi-
tal admissions. Seasond changes, which are more
apparentin Table 1, were also similar to the changes
described previously. Considering the fact that an-
nual population growth rate in the Lower Hunter
areawas less than 1%, alarge change would not
be expected.

Table 2 presents the comparable results of hos-
pital admission rates in Newcastle and Port Ste-
phens before and after the closure of BHP. Ex-
cept for COPD, the admission rate of the other
diagnoses dropped in both locations. However, the
decrease of admission rates was most consider-
ablein Newcastle. In Newcastle, the most seasonal
variations were observed for the elderly COPD
and all respiratory disease. Childhood asthma and
all-age asthma presented the least seasona fluc-
tuations. In Port Stephens, seasonal variationswere
observed for al disease categories, while asthma
groups showed the |east seasonal differences.
Overdl comparison of hospital admission rates in
different locations revedled that the rate of dl res-
piratory disease in the Lower Hunter area was
barely higher than in Newcastle as well asin Port
Stephens in the period 1996-99. After the clo-
sure of BHP, Newcastle showed the lowest, and
Lower Hunter presented the highest rates of all
respiratory admissions. The elderly COPD rate in-
creased al over the whole study area, Newcastle
and Port Stephens. However, it was higher in
L ower Hunter areain both periods. All-age asthma
rate was lower than the average level in Newcastle
in period 1996-99. While it decreased in al lo-
cations after the closure of BHP, the decrease was
less significant in Port Stephens. In contrast, the
decrease of asthmawas consistent with the Lower
Hunter area. Therate of children asthmadecreased
after BHP closure. It was more significant for the
L ower Hunter and Newcastle than for Port Stephens
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All respiratory disease

In spite of the fact that overall estimation of res-
piratory disease after closing BHP decreased by
11.7%, 14% and 10.4%in the Lower Hunter, New-
castle and Port Stephens, respectively, the statistica
examination found all changes non-significant.
The result shows that the seasona difference of
respiratory disease estimations was not consider-
able, and an observable seasona trend was seen
for both periods; the lowest levels of estimations
were found in the warm season; and the difference
before and after BHP closure was only noticeable
in the cool seasons. The difference of estimations
of all respiratory disease in the whole study area
before and after the closure of BHP was statisti-
cally significant in aout 20% of time (10 mo).
Again, dthough, the estimation rate of al respi-
ratory disease was found to be lower after BHP
closure, the statistical anaysis resulted in non-
significant change in Newcastle aswell asin Port
Stephens. However, the decrease of respiratory
rate after the closure of BHP was considerably
higher in Newcastle than in the Port Stephens. It
dropped by 14% in Newcastle, and 10.4% in Port
Stephens. When compared to the Lower Hunter
decrease (11.7%), the overdl decrease of dl respi-
ratory rates was higher in Newcastle, and lower
in Port Stephens. The findings show, while there
was seasond variation in study locations and peri-
ods, the difference was more noticeablein cool sea
son in Newcastle. However, in Port Stephens, there
was no gpparent change in cool or warm seasons.
In addition, the decreasing trend of respiratory
disease became less visible at the end of each
study period in Port Stephens. Altogether, despite
the non-significant change, the difference of res-
piratory admissions was significant in 10 mo in
Newcastle. It was much lower in Port Stephens,
with only 4 mo significantly different.

Elderly COPD

The change of estimations for elderly COPD ad-
missionsis presented in Table 3. As shown, in the
Lower Hunter area, the estimationsincreased over-
al by 21.9% in the period 2001-04; therefore, the
mixed mode found the change significant.
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Figure 2 shows the monthly estimations of COPD
65+ admissions before and after the closure of
BHP in the Lower Hunter region. The estimations
were higher amost al the time in the period
2001-04. Similar to dl respiratory, the estimations
of elderly COPD were visibly variable in differ-
ent seasons of both periods, and the rate of ad-
missions peaked in cool season. The results aso
revealed that the difference of COPD 65+ ap-
peared to be consistent in both cool and warm
seasons. However, it becameless significant during
the last year of study period.

Similar to Lower Hunter, admission rate of eld-
erly COPD increased in other two locations, af-
ter BHP closure. The overal increase rate was
36.9% in Newcastle, and 31.5% in Port Stephens.
The study, therefore, found the increases signifi-
cant in both locations; however, it was more sig-
nificant in Newcastle. Figure 3 shows the monthly
admission rates of this category in the Newcastle
and Port Stephens L GAs before and &fter the clo-
sure of BHP. As seen, the admission rates of the
elderly COPD appeared mainly in the higher levels
in period 2001-04 at both LGAs. Change rate of
admissions for COPD 65+ after closng BHP was
consderably higher at Newcastle and Port Stephens
than itsoveral change in the Lower Hunter area.

All-age asthma

The rate of al-age asthma admissions in Lower
Hunter appeared to be sgnificantly different in the
period before BHP closure. As Table 4 shows, the
mixed moddl estimated that overall admisson rate
of asthma decreased by 36.7% in Lower Hunter,
after the closure of BHP. The decrease was found
tobegtatigticaly sgnificant. Themode aso showed
significant seasona variation for asthmaadmissions,
so that the maximum number of admissions was
observed in the cool season. However, the sea-
sonal trend is not as apparent in Figure 4 as other
respiratory categories admissions.

The asthma estimations remained continuously in
the lower levels in period 2001-04; and the dif-
ference of before and after the closure of BHPwere
significant in 25 mo. This was the largest propor-
tion of timewith significant distinction amongst all
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disease categories considered in the study. Thetime
trend of admission rate of asthmaa so reveded that
difference was apparently more significant at the
beginning of both periods.

The admission rate for All-age asthma in New-
castle and Port Stephensroughly followed the same
pattern as in the Lower Hunter area. After the
closure of BHP, it decreased dramaticaly in both
L GAs. However, the decrease was more noticeable
in Newcastle. Overdl asthma estimations declined
by 39.9%intheNewcastle LGA, which wasslightly
higher than its average over the whole study lo-
cation (36.7%). In Port Stephens, the decrease was
alittle lower than in the Lower Hunter. The mixed
model found the change of asthma admission rate
in Newcastle and Port Stephens significant.

As Figure 5 presents, the statistical analysisaso
found seasonal trend in both periods and loca
tions; however, it was observable in Newcastle.
The results aso revealed that the difference of
asthma rate was more significant in the cool sea
son, and it became less significant at the end of
study period. Although the analysisfound the same
significance for asthma decrease in Port Ste-
phens and Newcastle (P= 0.0002), the difference
of asthma admissions before and after BHP clo-
sure was tatisticaly significant in 17 mo in New-
castle, whereas it was significant in only seven
months in Port Stephens.

Childhood asthma

Consistent with al-age asthma, the estimations
of childhood asthma admission were found to be
sgnificantly different before and after BHP closure.
AsTable 5 shows, the statistical andysis estimated
that overdl admission rate of children asthma in
Lower Hunter decreased around 30% after closing
BHP.

Though the time trend did not show aclear sea-
sona variaionin Lower Hunter (Fig. 6), themodel
resulted in a significant seasond trend. Further-
more, overdl childhood asthma rate was a the
maximum levels in the cool seasons. The line
graph also shows that approaching the closure of
BHP, the admission rate of childhood asthmagen-
erdly declined, while there was no particular trend
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for period 2001-04. Therefore, the difference of
asthma 0-14 estimations was more significant at
the beginning of study period.

Again, smilar to al-age asthma, the levels of chil-
dren asthma estimations were mostly higher be-
fore BHP closure. However, the results showed the
differencewasstaigticaly significantonlyin 12 mo
of study period. Morethan 90% of sgnificanttimes
were in common with al-age asthma

Similarly, the change of asthma 0-14 was found
to be significant before and after the closure of
BHP in both LGAs of Newcastle and Port Ste-
phens. The results of mixed model estimated that
asthma among children decreased by 34.2% in
Newcastle, and by 36.6% in Port Stephensin pe-
riod 2001-04. Both changes were slightly greater
than the average decrease in the Lower Hunter
area (30.3%). Even though, the time trend in
Figure 7 does not show an gpparent seasonal varia-
tion, particularly for the period 2001-04, the model
found statisticaly seasond difference for child-
hood asthma admissions. The difference of estima-
tions was significant in nine months in Newcastle,
and in five months in Port Stephens. All months
with the significant changes were in common with
all-age asthma at both locations.

In summary, of the diseases considered in the
analysis, only COPD 65+ increased after BHP
closure, while the rest of disease categories de-
creased. Figure 8 compares the overall estima-
tions of diseases in the whole study area (Lower
Hunter), Newcastle and Port Stephens. As shown,
all respiratory disease and childhood asthma de-
creased roughly in the same way in all locations.
The decrease of all-age asthma and increase of
COPD were more gpparent in Newcastle. In com-
parison, except for childhood asthma, the differ-
ences of disease incidences in before and after
BHP closure were more significant in Newcastle
than in Port Stephens and Lower Hunter. The
highest decrease of disease incidences was found
for al-age asthma in Newcastle, and the least dif-
ference was observed for respiratory disease in
Port Stephens. Overall, the change incidence of
diseases was more significant in Newcastle than
in Port Stephens.
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Table 1: Mean daily admissions per a 100000 population of Lower Hunter, before and after BHP Closure

1996-99 2001-04
Disease Whole Cool Warm Whole Cool Warm
Period Season 2 Season ® Period Season @ Season ®

Respiratory 402 473 331 3.4 418 3.01
COPD 65+ 311 3.72 2.50 3.76 448 3.18
Asthma 0.71 0.77 0.65 0.44 0.52 0.39
Asthma

1.76 1.77 1.76 1.22 1.34 1.13
0-14
a b

April — September October - March

Table 2: Mean daily admissions per a 100000 population, Newcastle and Port Stephens, Before and after BHP Closure

1996-99 2001-04
LGA Disease Whole Cool Warm Whole  Cool Season Warm
Period Season 2 Season © Period a Season °
Respiratory 391 4.63 3.20 3.3 391 2.87
COPD 65+ 2.76 3.27 2.27 3.77 431 333
o Asthma 0.70 0.76 0.65 042 0.49 0.36
% Asthma
% 2.18 2.18 2.18 1.43 1.59 1.30
Z 0-14
Respiratory 381 4.38 3.25 341 410 2.86
g COPD 65+ 3.08 3.40 2.76 411 4.85 350
g_ Asthma 0.68 0.68 0.69 0.43 0.55 0.32
) Asthma
%’ 1.58 1.48 1.68 0.97 1.14 0.83
a 0-14
a

b
April — September October — March

Table 3: Difference of estimations of COPD 65+ admission rate*, before and after BHP closure

L ocation 1996-99 2001-04 Difference P Value
Lower Hunter 2.961 3.608 +21.9% 0.001
Newcastle 2671 3.656 +36.9% <0.0001
Port Stephens 3.243 4.264 +31.5% 0.0003

* Mean daily admissions for a100,000 population
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1996-99
= = 2001-04

COPDG65+ Estimation

January July January July January July January July

Fig. 2: Comparison of COPD 65+ estimations in Lower Hunter, before and after BHP closure

10

1996-99

= = 2001-04

COPD65+, NEWCASTLE

0 T T T T T
January July January July January July January July

10

1996-99
/\ = = 2001-04

COPD &5«, PORT STEFHENS

0 T T T . .
January July January July January July January July

Fig. 3: Comparison of COPD 65+ estimations in Newcastle and Port Stephens, before and after BHP closure
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Table 4: Difference of estimations of asthma admission rate* , before and after BHP closure

L ocation 1996-99 2001-04 Difference P Value
Lower Hunter 0.723 0.458 -36.7% <0.0001
Newcastle 0.714 0.429 -39.9% 0.0002
Port Stephens 0.750 0.488 -34.9% 0.0002

* Mean daily admissions for a 100,000 population

14

1996-99
1.2 — — 2001-04

0.8 1

0.6 1

Asthma Estimation

0.4 1

0.2 1

January July January July January July January July

Fig. 4: Comparison of all-age asthma estimations in Lower Hunter, before and after BHP closure

14

1996-99

1.2 — — 2001-04

0.8

0.6 1

Asthma, NEWCASTLE

0.4
VD

0.2 1

January July January July January July January July
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14

1996-99
— — 2001-04

1.2

0.8

0.6 1

0.4

Asthma, PORT STEPHENS

0.2 1

January July January July January July January July

Fig. 5: Comparison of dl-age asthma estimations in Newcastle and Port Stephens, before and after BHP closure

Table5: Difference of estimations of children asthma admission rate*, before and after BHP closure

L ocation 1996-99 2001-04 Difference P Value
Lower Hunter 1.795 1.252 -30.3% 0.004
Newcastle 2.199 1.450 -34.1% 0.0031
Port Stephens 1.652 1.048 -36.6% 0.0008

Mean daily admissions for a 100,000 population

1996-99
— — 2001-04

Childhood asthma Estimation

January July January July January July January July

Fig. 6: Comparison of childhood asthma estimationsin Lower Hunter, before and after BHP closure
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1996-99
— = 2001-04

1T \
\
I
1,I V\
| v

Childhood asthma, NEWCASTLE

January July January July January July January July

6
1996-99

— = 2001-04

Childhood asthma, PORT STEPHENS

SN

January July January July January July January July

Fig. 7: Comparison of childhood asthma estimations in Newcastle and Port Stephens, before and after BHP closure
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WiLowwer Hunter
afort Stephees
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After BHE Closurc
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< Lo Hunler
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LT e L= COPD 95+ Aathinng Sathimen -7 4

Fig. 8: Change of admission estimations of disease, before and after BHP closure
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Discussion

Changesin overal disease admission rate in the
periods before and after closing BHP are appar-
ently indirect indicators of impacts of the closure of
BHP. The diagnoses categories, as heal th outcomes
of air pollution, should ideally be consistent with
expected decreasing trend of pollutants rel eased
fromtheindustry. Moreover, epidemiologica studies
are not commonly able to investigate the cause-
effects; they only determine the significance of re-
lationships between possible causes and effects.
However, in this study, it can reasonably be hy-
pothesized that the potentia health effects were at
least partialy due to the pollutants emitted from the
industry (they are multi-causes diseases). However,
diverse cause and effect relationships could not be
determined in Lower Hunter.

All respiratory disease

The study found around 12% overall decrease of
admission rate of al respiratory disease in the
Lower Hunter area after the closure of BHP. The
decrease of respiratory disease in the period 2001-
04 varied in different LGAs. As aresult, it was
14% in Newcastle, the closest LGA to BHP, and
about 10% in the Port StephensL GA, which, asthe
most distant location to the industry, was con-
Sdered asthe control LGA. Although not al these
changesweresatisticdly significantintheandytica
model, it can be alleged that decrease in admis-
sion rate of this disease in immediate surround-
ing areato industry was higher than the average
decrease in the whole study location, as well as

the relatively remote area, the Port Stephens LGA.
Given the fact that many studies reported statis-
tically significant links between pollutantsand res-
piratory diseases (6-11), the LGA resultsimply that
the levels of pollutants in ar closer to BHP were
higher than in the more distant area

COPD 65+

Unlikethe other disease categoriesexaminedinthis
study, admission rate of elderly COPD increased
considerably after the closure of BHP. Again, in-
consstently, the greatest increase rate was observed
inNewcastle, about 37%, much higher thaninwhole
study area. The increase rate in the Lower Hunter
region was around 22% and it was more than 30%
in the Port Stephens LGA after the closure of BHP.
The unexpected growth of incidence of COPD
65+ may have been due to the modification of
codes and definition of diagnosesin International
Classification of Disease (ICD) which was car-
ried out in 1999 (12). The study used definitions
of ICD-9" and ICD-10" revisions for the periods
before and after BHP closure, respectively. Since
asthma is classified as a subcategory of COPD,
the new definition for asthmain the 10" revision
of ICD led to asignificant decrease of asthmaand
subsequently noticeable increase of COPD. (As
asthma is amgor public concern in Australia, in
this study, it wasexcluded from COPD category
and examined asaseparate group.) Table6 com-
pares the codes and definitions used for asthma
in the periods before (ICD-9) and after (ICD-10)
the closure of BHP industry.

Table 6: Comparison of ICD codes for asthmain 9" and 10" Revision

ICD-9

ICD-10

493 Asthma

493.0 Extrinsic asthma

493.1 Intrinsic asthma

493.2 Chronic obstructive asthma

Asthmawith chronic obstructive pulmonary disease [COPD]

Chronic asthmatic bronchitis

M5 Asthma
Excludes: acute severe asthma (J46)
chronic asthmatic (obstructive) bronchitis (J44.-)
chronic obstructive asthma (J44.-)
J45.0 Predominantly allergic asthma
J45.1 Nonallergic asthma

Source: WHO, 2006 (12) & 1CD9, 2007 (13)

In the period 1996-99, chronic obstructive asthma,
code493.2 (underlined), wasincludedin theasthma,
wheress, in period 2001-04, it was excluded from
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the asthmacategory and integrated into COPD cate-
gory. As well, chronic asthmatic bronchitis (itali-
cized) was considered as asthmabefore the closure
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of BHP, whereas it was excluded and added to
COPD category afterwards.

Ignoring the uncertainties caused by the new ICD
codes, theincrease of elderly COPD could bere-
lated to the increase of PM 1o levels after the closure
of BHP reported by Sgjjadi and Bridgman (14).On
one hand, some epidemiologica studies(15) found
sgnificant associations between increased particu-
late matter and COPD. On the other hand, signifi-
cant relationships were reported between the other
pollutants levels, NO, and SO,, and COPD (9, 11).
Since PM 1o concentrations increased and NO, and
SO, levels decreased after the closure of BHP (14),
theincrease of incidence of elderly COPD might be
associ ated withfactors other than air pollution. How-
ever, any discussion and evaluation for COPD, as
well as asthma trend, would lead to an error of in-
terpretation before overcoming the problemsrdaed
to the disease classification discussed previously.

Asthma

Of the disease categories considered in this study,
admission rate of al-age asthma showed the most
decresse after the closure of BHP. All-age asthma
dropped significantly by about 40%, 35% and 37%
in Newcastle, Port Stephensand the Lower Hunter,
respectively, &fter the closure of BHP. Almost the
same change was observed for childhood asthma.
Theconsiderable decrease of asthmaadmissonrate
in the study area can be explained by the same
reason stated for increase of elderly COPD dis-
cussed dready. What ismore, anumber of studies
reported significant changesin counts of hospita
admissions for changes in air pollution levels (8-
11). Therefore, partia decrease of asthma admis-
sons related to decrease of pollutants levels must
be acknowledged, as the decrease rate was higher
in the Newcastle LGA.

Presumably, the results for COPD and asthma
would be different if they were examined together
as one category. By that, the impacts of different
codes and definitions would be resolved.

In summary, the inconsistent results of this study
identified complications relating to the impacts of
BHP closure on public hedlth in the Lower Hunter
region. BHP steel works was the major source of
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PM, NO, and SO,. Therefore, the study would
expect consistent decreases of the diseases asso-
ciated with these pollutants after closure of thein-
dustry. Incresse of admission rete of elderly COPD
after the closure of BHP was not consistent with
the decreaseof theother diseases On the other hand,
in specified locations, the overall decrease of dis-
ease rates in before and after BHP closure were
more noticeable in Newcastle than in Port Ste-
phens and the Lower Hunter. In other words, LGA
results suggest some BHPimpacts on public heslth.
Inconsistent results might be attributable to the
changeof sourceof pollutants, dominantly treffic re-
lated, which is consstent with worldwide studies.
M oreover, theclosureof BHPwasacontinuing proc-
ess, which started in the early 1980s (16); there-
fore emitted pollutantsmay have reduced over time.
In other words, in redity, it isnot possible to deter-
mine aclear period for operating and closure of in-
dustry, and subsequently, for theimpacts of industry
closure. Accordingly, a number of growing small
sourcesin the study area could negate the possible
impacts of BHP closure. What is more, a concep-
tual shift in structure aswell asmoving between the
two ICD codes needs especiad medica expertise.
This study had to acknowledge the possible inter-
ferencerelatedto thedifferent codesand definitions
for asthmaand COPD in two disease classificaions.
Employing the Mixed Modd for investigating the
impactsof BHP closure was anew experiment that
was applied for the first timein this study. Despite
the reasonabl e outputs, applying the Mixed Model
in such studies should be further evaluated in fu-
ture studies. Moreover, other factors such asBMI,
smoking status, rainfall, wind speed, and particu-
larly wind direction are other important confound-
ers, which should be, included in future studies.
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