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The year 2006 promises to be exciting, with
the International Federation of
Environmental Health (IFEH) World
Congress in Ireland rapidly approaching. It
was encouraging to hear that the Australian
Institute of Environmental Health (AIEH)
has been able to organise cheaper individual
airfares for those of you lucky enough to be
travelling to Ireland in June. Make sure you
pay your delegate registration fees by the
15th of April to avoid the late fee charges.

While you are attending the Conference,
please report back to the Journal on what
you have learnt or experienced to keep the
rest of us up to date with what has been
covered. I'm sure many of our readers would
be interested in your commentaries on
interesting seminars, workshops and people
met during the conference. Such experiences
could be emailed as a Letter to the Editor, or
even as a report if you have time to expand
your contribution. Please email your
submissions to: journal@aieh.org.au.

This issue of Environmental Health covers a
variety of research and environmental
health issues from Queensland to Tasmania,
and from Newcastle to the Western Pacific
Region. From the South, we examine rural
health systems changes with Peter Harvey.
With over 20 years working in the rural
health field, Harvey uses his experience and
research to explore health reform in rural
communities and proposes several strategies
to improve the health care system in rural
South Australia.

If we travel further South we reach
Tasmania, where Ron Fry introduces us to
the development of the Tasmanian Bachelor
of Environmental Health. Those of you
following recent Guest Editorials on
education and environmental health
practitioners will be excited with the

EDITORIALS
progress in the field of environmental health
education.

We explore the respiratory health of
underground coal miners in Newcastle,
Northern New South Wales. Zhen Hai Gu et
al. research the associations between
respiratory impairment and underground
coal mining, discovering a protective effect
from smoking cessation and calling for
strengthened anti-smoking campaigns in
these mines.

Wang and Leigh also research industrial
hygiene and respiratory health hazards
through their study of the intervention of
ticlopidine on silica-induced inflammatory
reaction and apoptosis.

North from Newcastle leads us to
Queensland where Ahmed, Neller and
Katouli provide us with a review of faecal
indicator microorganisms and current
methods of faecal source tracking in surface
waters. Their paper provides a critical
evaluation of faecal indicators, and shows
the advantages and limitations of current
methods for tracking the sources of faecal
contamination.

While focusing on Queensland, it is a good
time to note that the AIEH Queensland
Branch is currently accepting nominations
for the 2006 Environmental Health
Excellence Awards. Be recognised as an
Environmental Health achiever and a leader
in your field. Please see the AIEH website for
more information.

Back to the current issue, our attention
turns to an article on Environmental Health
Impact Assessment (EHIA) in the Western
Pacific Region. Spickett and Graham cover
the links between EHIA and the need for
supportive legislation to achieve public
health goals in the region.

Those of you in Western Australia should

Environmental Health Vol. 5 No. 4 2005 11



Editorials

also note the upcoming Western Australia
State Conference running from the 4th - 5th
May 2006. The Conference will cover where
environmental health fits in the community,
and what makes the profession of
environmental health tick. Please see the
AIEH website for more information.

Make sure you also take time to browse
the Book Review section in this issue of
Environmental Health. Texts reviewed
include:

Environmental Health: From Global to
Local; and

Occupational
International
Epidemics.

Many thanks to Thomas Tenkate and
Jeffrey Spickett for their time in reviewing
these texts. If you would like to contribute

Health &
Influences and the

Safety:
‘New’

Back t
TOC
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to the Book Review section of
Environmental Health, feel free to contact us.
If you have a particular book in mind that
you would like to review, please contact us
to organise a copy of the text from the
publishers.

Environmental Health has also recently put
out a Call for Papers for our 2006 Journal
issues. All those interested in contributing
research, practice initiatives, discussions of
policy or legal and regulatory change, and
reports or reviews to the Journal in 2006
should contact the Assistant Editor, Jaclyn
Huntley at journal@aieh.org.au.

We look forward to receiving your papers
in 2006.

Jim Smith

Editor



Guest Editorial

The Development of the Tasmanian Bachelor of
Environmental Health

Great News for Tasmanian Environmental
Health Practitioners.

As many of you would be aware, the issue
of  establishing a  Bachelor of
Environmental Health (BEH) to meet the
needs of environmental health prof-
essionals in Tasmania has been on the
agenda for many years.

Importantly, following recent meetings
between senior representatives of the
Australian Institute of Environmental
Health (AIEH), the University of Tasmania
(UTas), TAFE Tasmania, the Local
Government Association of Tasmania
(LGAT) and the Department of Health and
Human Services (DHHS), agreement has
been reached to establish an appropriate
course at UTas commencing in 2007.

Among other benefits, the establishment
of a BEH in Tasmania will:

e meet current and future national
minimum qualifications as
recognised by AIEH and other
States and Territories;

< align with other States and
Territories in order to facilitate
portability;

e increase the profile and the
credibility of the profession in
Tasmania;

< improve the capacity of the

profession to meet new challenges;
and

Back t
TOC

= significantly increase the number of
graduates above current levels.

Over the past year a working group has
been meeting on a regular basis and progress
with issues, such as subject content, method
of delivery, specialist subject delivery, and
practicum content, are now approaching the
status required for submission to the AIEH
for accreditation, and to UTas for its
approval processes.

Naturally, consultation is very important
to achieving a successful outcome and in
this regard practitioners, employers and
other stakeholders are being actively
consulted throughout the process to ensure
graduates are ‘employment ready’.
Representatives from related agencies,
including primary industry, environment,
energy and resources, are also included to
ensure that issues, such as on-site waste
disposal, air and water quality, noise control
and environmental management, are
appropriately supported in the course.

In order to keep all stakeholders informed
and to seek active input to the process,
degree bulletins are being issued on a regular
basis. As the process moves forward, further
workshops will be conducted to enable
stakeholders to express their views and to
provide detailed feedback on course content
and related matters.

Ron Fry
AIEH, Hobart City Council, Tasmania

Environmental Health Vol. 5 No. 4 2005 13



RESEARCH AND THEORY

Respiratory Health of Underground Coal Miners in Newcastle

Zhen Hai Gu, *He Wang, Paul Thomas, ?Richard Henry and *Rui Wang

'‘Department of Public Health, University of Adelaide, South
Australia, 2School of Medicine, University of New South Wales,
& *Shandong Institute of Labour Health and Occupational

Airborne
environments

Disease, Jinan, China

Underground coal miners are exposed to a mixture of airborne hazards and their
respiratory health may be affected even if exposures to individual hazards are below
the exposure standard. The aims of the research were to assess the association of
respiratory impairments and exposure to underground coal mining. Two hundred and
ten (210) miners in Newcastle coal mines and 95 unexposed subjects in the same area
were recruited. Demographic information, occupational history, respiratory
abnormalities, smoking profile and health history was obtained by questionnaire
survey prior to lung function measurement. Data were analysed by univariate,
bivariate and multivariate statistics. It was found that respiratory abnormalities did
not occur more often in underground coal workers compared with controls, and
associations between parameters of lung function and exposure were not demonstrable
after adjustment. The study results might be an indication of continuing effective
hazard control in these mines.

Key words: Coal Mining; Respiratory Symptoms; Lung Function

hazards in coal mining
include a number of

Researchers have investigated

potentially hazardous substances such as coal
dust, diesel exhaust and quartz (World
Health  Organization 1986). These
substances are generated from the extraction
and processing of coal minerals (Coplu et al.
2005) and the primary route of exposure is
inhalation during the course of employees’
work (Driscoll et al. 2004). The main health
effects of this mixed exposure are non-
malignant respiratory diseases such as
asthma, chronic obstructive pulmonary
disease (COPD), silicosis, and coal workers’
pneumoconiosis (CWP) (Driscoll et al.
2004). Although incidences of respiratory
diseases in coal mining have been reduced
dramatically over the past 30 years due to
markedly improved mechanisation and
standards of industrial hygiene, the mixed
exposure might still lead to compromised
respiratory health and reduced working
capacity among coal mining workers in an
insidious way.

14 Environmental Health Vol. 5 No. 4 2005

relationships between exposure, respiratory
abnormalities, and lung function in mining
workers. A cross-sectional study concluded
that occupational exposure to coal dusts
was associated with a small mean deficit in
lung function among British coal miners
(Lewis et al. 1996). Attfield and Hodous
(1992) also demonstrated that coal dust
exposure was related to reductions in
Forced Expiratory Volume in one second
(FEV;) among US coal miners with no
radiographic evidence of pneumoconiosis.
Another longitudinal study in America
showed that exposure to coal mineral dusts
was associated with greater prevalence of
respiratory symptoms and accelerated loss of
lung function (Beeckman 2001). A
prospective study in 1954-1982 on the
effect of nitrogen oxides, which is a
component of diesel exhaust, at nine
British coal mines indicated that long-term
exposure to low concentrations of nitrogen



oxides was associated with increased
susceptibility to respiratory infections
(Jacobsen 1988).

Australia is the largest exporter of black
coal in the world, and the coal mining
industry is a major source of export income
for the Australian economy (McKay,
Lambert & Miyazaki 2001). There are more
than 20,000 employees in the Australian
coal mining industry (Minerals Council of
Australia [MCA] 2001). These workers are
potentially exposed to many airborne
hazards such as coal mineral, diesel
exhaust, silica, methane, and radon. These
substances might have combined effects on
coal miners’ respiratory health, and the
effects might develop in an insidious way
leading to irreversible lung diseases. Based
on these concerns, a historical cohort study
was conducted at underground coalmines
in the Newcastle area. Underground coal
miners were selected since this group was
exposed to relatively high levels of mixed
hazards. Data obtained were analysed to
examine if there were differences in
respiratory abnormalities and lung function
between underground coal miners and
unexposed controls. Better understanding
of this issue could assist in assessing lung
health of those coal miners, and provide
health workers and policy makers with
more information relevant to effective
prevention of respiratory illness in the coal
mining industry.

Methods

Subjects

This investigation had been approved by
the Human Research Ethics Committee of
the University of New South Wales when
it was initiated. The calculation of sample
size  (Fang 2003) revealed that
approximately 200 underground coal
miners and 90 control subjects were
needed to detect the difference of lung
function between underground coal miners
and a normal population with a 95% level
of confidence.

Respiratory Health of Underground Coal Miners in Newcastle

Computer randomisation of employee ID
was utilised to select both exposed and
unexposed subjects. Two hundred and ten
(210) Australian male underground coal
miners working in the Newcastle coal
mining area were selected. Ninety five (95)
male employees were recruited as control
subjects who worked in companies at
Newcastle. This study was restricted to
males because there were very few exposed
female coal miners.

Questionnaire

An interviewer-administered questionnaire
survey was conducted for all participants.
Three registered nurses were employed to
collect the information including
demographic details, employment history,
respiratory abnormalities, smoking profile,
and other possible confounders such as
family history of asthma, medical history of
tuberculosis (TB), and renal diseases.
According to the British Medical Research
Council (BMRC) questionnaire (BMRC

1986), questions about respiratory
symptoms were modified using the
temporal relationship of respiratory
abnormalities with  work. Chronic

bronchitis was defined as cough and
phlegm production on most days for at least
three months for a year and for no less than
two successive years. Smoking profile
included smoking status (non-smokers, ex-
smokers and current smokers), smoking
duration, and cigarette number per day. An
ex-smoker was defined as stopping smoking
at least one year before the survey, and a
current smoker was defined as smoking at
least one cigarette daily for at least one
year. Based on the amount of cigarettes
smoked per day and smoking duration,
pack-year of smoking was calculated for
each former or current smoker. One pack-
year was defined as having smoked 20
cigarettes (one commercial pack) per day
for one year.

Environmental Health Vol. 5 No. 4 2005 15
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Measurement of height, weight and lung
function

The height and weight of each participant
wearing underwear only was measured by a
420KL Physician Balance Beam Scale
(Health-O-meter, Australia). As the most
commonly used indices of mechanical
function of lungs in hospital (Levy &
Wegman 2000), the FEV; and Forced Vital
capacity (FVC) of each subject were
measured with a computerised spirometry
system (Medgraphic, Pulmonary Function
System 1070, Series 2, St. Paul, Minnesota,
USA) according to American Thoracic
Society (ATS) recommendations (ATS
1987). The largest observed value of three
efforts for each subject was used. The FEV,%
and ratio of FEV; to FVC (FEV./FVC) were
calculated individually.

Statistical analysis

Mean and standard deviation (SD) of
variables on personal characteristics and
demographic information for unexposed
workers and underground coal miners were
calculated respectively. Prevalence of
respiratory abnormalities, mean and SD of
lung function parameters in each exposure
group were also calculated.

Student t-test (for variables with normal
distribution) or Mann-Whitney U test (for
variables without normal distribution) were
used to compare the difference in mean of
continuous variables on population
characteristics and lung function between
unexposed workers and underground coal
miners. Chi-square test or Fisher’s exact test
was performed to compare the categorical
factors on population characteristic between
two exposure groups, and assess the
difference in prevalence of each respiratory
abnormality  between exposed and
unexposed subjects.

The relationship between each respiratory
abnormality (dichotomous variable) and
exposure was assessed with adjustment for
the confounders in multiple logistic
regression  analysis.  Multiple linear
regression analysis was used to assess the

16  Environmental Health Vol. 5 No. 4 2005

association of lung function parameters with
exposure after adjustment for the
confounding effects. The relationship
between lung function and underground
work duration in coal miners was also
assessed after being controlled for the
confounders by applying multiple linear
regression analysis.

The statistical package Stata™ release 8.0
was used in all statistical analyses (Ryan
2004). Graphs were made using MS Excel
2003. Statistical significance was assumed
for P value less than 0.05. 95% confidential
intervals (95% CI) of measures of
association were calculated.

Results
There were 305 male individuals aged 19-64
years participating in this survey. The
response rate was 100%. Nobody had a
medical record of TB or renal diseases.

Descriptive analysis of personal
characteristics for unexposed and
exposed workers

The  personal  characteristics and
demographic information of the study
population by exposure are presented in
Table 1. The mean ages were 36.0 + 10.2
years for unexposed workers and 44.5 + 8.37
years for underground coal miners, the
difference being significant. There was a
marginally significant difference of mean
height (p = 0.05) between two exposure
groups. Smoking status showed the
statistically significant difference between
unexposed and exposed workers: non-
smokers (32.6% vs 41.9%), ex-smokers
(16.9% vs 25.2%) and current smokers
(50.5% vs 32.9%). The proportion of current
smokers among underground coal miners was
smaller than that in the unexposed group.
Variables such as proportion of family history
of asthma, mean weight, and pack-years of
smoking did not reach statistical significance
between the unexposed workers and exposed
population. Only coal miners worked
underground (mean underground work
duration 17.6 + 7.7 years).



Table 1: Personal characteristics and
demographic information of unexposed
workers and underground coal miners
Unexposed workers Exposed workers
Number of subjects, n 9% 210

Age (year)*, mean £ SD 36.04 £ 1021 4452 + 8371
Height' (cm), mean + D 17531 + 684 176.85 + 6.35
Weight (kg), mean % $D 8591 + 12.74 8854 + 1315
Smoking status* n (%)
non-smoker 31 (32693) 88 (41.90)
ex-smoker 16 (16.84) 53 (25.24)
current smoker 48 (5053) 69 (32.86)
Pack-years of smoking, 811 + 956 998 + 1554
mean + D
Family history of asthma, n (%) 16 (16.84) 22 (1053)
Underground work duration N/A 1763 + 768

(year), mean % $D
*p < 0.05;1 p = 0.05;NIA not available.

Comparison of respiratory
abnormalities between exposure groups
The prevalence of respiratory symptoms and
diseases in the two exposure groups is shown
in Table 2. Apart from bronchitis, the
prevalence of respiratory symptoms in
underground coal miners was higher than
that of unexposed workers (cough 17.42% vs
9.47%, wheezing 14.61% vs 5.26%, breath
shortness 8.99% vs 2.11%). Sore throat was
only reported by underground coal miners.
However, after adjustment for age and
smoking status, exposure was not
significantly associated with respiratory
abnormalities. There were insufficient cases
of sore throat for multivariate analysis.

Respiratory Health of Underground Coal Miners in Newcastle

Comparison of lung function between
exposure groups

The unexposed subjects had higher lung
function than exposed subjects. Mean FEV,
of both unexposed and exposed was greater
than predicted value (100.77% and
100.64% respectively) (Table 3). Before
adjustment, a student t test revealed a p-
value of FEV, with exposure reached of
marginal significance (p = 0.05). However,
after adjustment for age, height, and

smoking status, exposure to mixed
respiratory hazards at underground
coalmines was not associated with

parameters of lung function (Table 3).
Multiple linear regression analysis also
revealed the independent effects of age,
height and smoking status on lung function.
Age and smoking status were inversely
associated with FEV,; and FVC, but
coefficient of height was positive (not shown
in the table).

Effect of underground work duration on
lung function in exposed group

The scatter diagrams between each of FEV,,
FVC, FEV,% and FEVJ/FVC and
underground work duration among coal
miners are shown in Figures 1 to 4. There
appears to be a linear trend between each
parameter and underground work duration.
Correlation analysis in coal miners revealed
both FEV, (r =-0.29; p<0.00) and FVC (r =
-0.29; p<0.00) were correlated with
underground work duration. However, after

Table 2: Prevalence of each abnormality, and comparison in unexposed workers and
underground coal miners before and after adjustment

Symptom Unexposed with Coal miners with p* OR'(95% Cl ) p'
symptom n (%) symptom n (%)

Cough 9 (947) 31 (17.42) 008 177 (0.76-4.11) 018

Wheezing 5 (5.26) 26 (14.61) 002 2.86 (0.98-8.40) 0.06

Breath shortness 2 (217) 16 (8.99) 0.03 3.72 (0.79-17.42) 0.10

Sore throat 0 (0.00) 12 (5.70) 0.02 N/A N/A

Bronchitis 17 (17.89) 33 (15.10) 063 1.15 (0.56-2.35) 071

(1) * Before adjustment;

(2) 1 Odds ratios (OR) and p value adjusting for age (continuous variable) and smoking status (categorical variable);

(3) NIA, not available.
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Table 3: Mean lung function and exposure with p value before and after adjustment

Exposure p* p!

Unexposed Exposed
FEV: (L), mean =+ SD 404 £ 077 388 + 061 0.05 058
FVC (L), mean £ $D 498 + 093 481 £ 0.75 017 040
FEV: %, mean + SD 100.77 *15.64 100.64 +12.96 0.94 056
FEVW/FVC (%), mean =+ SD 81.10 + 6.60 80.52 + 5.72 036 0.60

* Before adjustment; *With adjustment for age, height (continuous variable) and smoking status (P-value of FEV,% was adjusted only for smoking status).

adjustment for age, height, and smoking
status, underground work duration was not a
useful predictor of FEV,; (p < 0.721) and
FVC (p < 0.483) within the exposed group
(not shown in the table).

Discussion

Analysis of the obtained data from the
current study did not find, after adjustment
for confounders, significant associations
between greater prevalence of respiratory
abnormalities or diminished lung function
and underground coal mining in the
investigated mines. Underground work-
duration was not found to be a useful
predictor of lung function change in the
exposed coal miners. Multiple linear
regression analysis on FEV, and FVC in all
participants indicated significantly
independent effects of age, height and
smoking. FEV,; and FVC were decreased
with the increase in age and decrease in
height. Smoking was shown to be a risk
factor for FEV,, FEV,% and FVC.

A number of studies have been conducted
to assess the association of occupational
exposure to mixed hazards (especially to coal
dusts) with respiratory abnormalities and/or
loss of lung function, in which the findings
supported a significant relation between the
exposure and harmful effects. A literature
review by Garshick, Schenker and Dosman
(1996) demonstrated an association
between occupational exposure to a variety
of dusts, gases and fumes, with chronic
bronchitis and decrements of FEV; in coal
miners. Ross and Murray (2004) reviewed
occupational respiratory diseases in the
mining industry and concluded that coal-
mining dusts are associated with chronic
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bronchitis, chronic airflow limitation and
emphysema. Carta et al. (1996) reported
even moderate exposures to mixed coal
dusts still significantly affected lung
function and incidence of symptoms in
underground coal miners. Seixas et al.
(1993) found a significant association of
cumulative exposure to coal mineral dusts
with the loss of FEV, of approximately 5.9
ml per mg/me-years.

However, the results of this investigation
did not provide evidence to confirm that
underground coal mining in Newcastle,
Australia is related to an increase in the
prevalence of respiratory symptoms and
reduced lung function. Further, a study
conducted during 1995/1996 at three
Australian bauxite mines with exposure
assessment did not find evidence of a serious
adverse effect on respiratory health
associated with exposure to bauxite mining
(Beach et al. 2001). A five-year prospective
study in the United States by Ames, Hall
and Reger (1984) also found no significant
association between exposure to diesel
emissions and chronic respiratory effects
among underground coal miners. This is
probably due to the improved dust control
and health protection programs that have
existed for the past 30 years.

The findings in this study should be
interpreted cautiously because of certain
limitations. First, selection bias could not be
avoided in the study design. Those
underground coal miners who had withdrawn
from the workforce due to poor respiratory
health were not included in the study. The
healthy worker effect might therefore exist in
this investigation. Second, a reporting bias in
increased reporting of respiratory symptoms
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Figure 1: Scatter plot of FEV, against underground work duration with linear regression line of
best fit
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Figure 2: Scatter plot of FVC against underground work duration with linear regression line of
best fit
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Figure 3: Scatter plot of FEV, % against underground work duration with linear regression line
of best fit
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Figure 4: Scatter plot of FEV./FVC against underground work duration with linear regression
line of best fit
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by the unexposed workers could disguise the
results. Unexposed subjects working in the
office who usually have higher education
might be more sensitive to their
uncomfortable feelings.

Another consideration is that a number of
possible confounding factors were not
investigated in the study design. Some studies
performed skin-prick tests to diagnose atopy
that might confound the relationship
between dust exposure and, respiratory
abnormalities and lung function (Beach et al.
2001; Coplu 2005). Alternatively, a study by
Burchfiel et al. (1997) implied that lung
function is affected by many factors including
grip strength, physical activity, subscapular
skinfold thickness, presence of an ECG
abnormality, heart rate, white blood cell
count, and eosinophil percentage. Wang et
al. (1999) found that childhood pneumonia,
childhood exposure in the home to passive
tobacco smoke, and possibly smoke due to
wood and coal fuels were also associated with
declines in pulmonary function. The
potential confounders that were not
controlled for might also disguise the true
association between respiratory abnormalities
and exposure in this investigation. Although
it is difficult to collect this amount of detailed
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information, the better-designed studies that
collect more comprehensive information
might help confirm or deny the outcomes of
the present study.

Conclusion

In conclusion, this study did not find a
significant association between underground
coal mining and lung function change.
Similarly, no association between respiratory
symptoms and mining work could be
established. However, some limitations of
the investigation should be mentioned with
the interpretations of these results. The
effects of the coal mine’s mixed airborne
exposure on the respiratory system might be
further investigated in larger populations by
a prospective cohort study with the
measurement of exposure level and hazard
compositions at working sites. More
sensitive methods might be used to identify
early subtle changes before detectable lung
function reduction. Currently, exhaled
nitric oxide in combination with cellular
and molecular changes in induced sputum is
being examined to establish the possible
association  between  exposure and
potentially compromised lung health (Lund
et al. 2000; Zeidler & Castranova 2004).
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Intervention of Ticlopidine on Silica-Induced Inflammatory

Reaction and Apoptosis

He Wang and 2James Leigh
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Australia & School of Public Health, University of Sydney

Silica is a potent inducer of pulmonary inflammation that involves leucocyte apoptosis.
It is hypothesised that regulation of the apoptotic reaction might occur in this condition
through platelet activation arising from endothelial injury, by releasing products that
modify the inflammatory cell function or life span, thereby influencing the reaction of
inflammation. Because neutrophil apoptosis contributes to the resolution of acute
inflammation induced by endotoxin, promotion of the apoptosis process might also
inhibit the inflammatory reaction induced by silica. In order to test this hypothesis, rats
were intratracheally instilled with 22.5 mg silica dust suspension, together with or
without a four-week treatment of intraperitoneally injected daily (30mg/kg) doses of
ticlopidine; a drug that can inhibit platelet aggregation in the process of activation. The
results indicate that ticlopidine administration significantly enhanced the percentage of
apoptotic neutrophils and reduced the number of lavagable cells and rate of lung weight
increase. This evidence suggests that ticlopidine is an effective agent for producing an
enhanced resolution of inflammation by the action of promoting neutrophil apoptosis.

Key words: Silica; Inflammation; Rats; Apoptosis; Neutrophils; Macrophages

Although standards of industrial hygiene
have improved markedly over the past more
than 30 years, silica exposure remains a
significant cause of occupational lung
disease in Australia. Globally, it remains the
major cause of occupational interstitial lung
disease. Silica is frequently encountered in
the workplace of many industries. It has
been estimated by the National
Occupational  Health and  Safety
Commission (1993) that the number of
workers occupationally exposed to silica-
bearing dust was about 136,000 in Australia.
This number is likely to have increased
because of rapid development of mining and
quarrying industries with a booming
international market.

Silica is a well-known agent capable of
inducing lung injury as characterised by
inflammation and fibrosis. This inflammatory
reaction, which is unresolvable and
eventually leads to fibrosis, involves apoptosis
(programmed cell death) of inflammatory

cells, mainly neutrophils (Leigh et al. 1997).
It has been proposed that apoptosis of
neutrophils and subsequent engulfment by
alveolar macrophages in inflammatory
reaction of lung contribute to the resolution
of inflammation (Cox et al. 1995). It has also
been demonstrated that promotion of
neutrophil apoptosis can enhance the
resolution of inflammation (Cox 1996).

In silica-induced lung reaction, injury of
endothelium might be involved, and this, in
turn, can activate platelets. This
assumption, yet to be demonstrated directly,
has some support from evidence that
bleomycin, a drug which can also induce
pulmonary inflammation and fibrosis,
induces increased platelet trapping in the
exposed lung (Piguet & Vesin 1994a). In
addition, platelet activation factor (PAF) is
released in pulmonary inflammation, which
can induce platelet activation in the lung.
The activation of platelets is a process that
includes the somewhat artificially
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subdivided steps of adhesion, aggregation,
swelling, and secretion (Majno & Joris
1996). Activated platelets are capable of
releasing a number of molecular species that
play roles in inflammation (Nachman &
Weksler 1980; Weksler 1988; White 1993).
There is also some evidence that platelets
can interact with neutrophils (Evangelista et
al. 1996), and platelet-secreted diadenosine
polyphosphates can delay neutrophil
apoptosis in inflammatory conditions (Gasmi
et al. 1996a, b). Inhibition of platelet
activation might prevent platelets from
releasing their molecules and thus intervene
in the inflammatory reaction.

Ticlopidine is a clinically used drug that
prevents thrombosis formation by inhibiting
platelet aggregation (Phillips et al. 2005). It is
hypothesised that such action can prevent
platelet swelling and secretion during the
process of platelet activation, which might
then modify the inflammatory reaction and
neutrophil function or life span. In order to
test this hypothesis, an inflammatory reaction
was established by intratracheal (i.t.)
instillation of silica in rats, and effects studied
of the cotreatment with intraperitoneal (i.p.)
injection of ticlopidine.

Method

Animals

Specific pathogen free Wistar male rats
(295-305¢ purchased from University of
New South Wales Animal Breeding Centre
in Little Bay) were used in this experiment
and were maintained under barrier
conditions. Food and water was freely
accessible and the light was set on a 12/12
hours on/off cycle.

Design

Twenty rats were distributed into 4 groups of
5 animals by randomised block design. The
4 groups were: i.t. silica and i.p. saline (QS);
i.t. silica and i.p. ticlopidine (QT); i.t.saline
and i.p. saline (SS); i.t. saline and i.p.
Ticlopidine (ST).
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Treatment

Rats were anaesthetised by a mixture of
ketamine (100 mg/kg) and xylazine (3.3
mg/kg) i.p. and i.t. instilled with 22.5 mg
silica dissolved in 0.5 ml saline or with
saline alone. Injection of ticlopidine and
saline i.p. with 30 mg/kg ticlopidine started
immediately after recovery of animals from
anaesthetisation and maintained daily
thereafter. After 4 weeks, the rats were killed
by i.p. injection of 100 mg/kg pentobarbital
and cutting of the aorta. Details can be seen
in previous publication (Leigh et al. 1997).

Bronchoalveolar lavage (BAL)

To obtain the airway lining fluid and free cells
in the alveolar space, the rats were
immediately lavaged with two 5 ml aliquots
of phosphate buffered saline (PBS). The
recovery fluid (BALF) was pooled and the
volume recorded. Part of the fluid was used
for counting of total cell number, some was
used for cytospin preparation, and the
remaining fluid was centrifuged to obtain
supernatant for LDH measurement. The lung
weights were measured and recorded after
removal of the bronchioles and trachea.

Cytology and differential scoring

To observe cell morphology, a 100 pl volume
of the lavage fluid was placed on a slide by
cytospin centrifugation immediately after
the lavage. For each rat, at least two slides
were prepared and stained with Diff-Quik
(Lab Aids Pty Ltd, Sydney Australia). The
slides were read under oil immersion (x
1000) and 500 leucocytes were counted to
determine the frequency of different types of
cells based on their morphology.

Total cell number and lactate

dehydrogenase (LDH) activity

Total cell number was estimated with a
haemocytometer and the remaining fluid
was centrifuged (1500 x g, 10 minutes). The
supernatant was collected to measure LDH
activity by a kit method (Trace, Sydney
Australia). Total cell number can reflect the
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infiltration of inflammatory cells and LDH
can reflect the level of cell content release
Or Necrosis.

Counting of apoptotic cells

To estimate the apoptotic occurrence of
apoptosis in inflammatory cells, a minimum
of 1000 leucocytes were scored for the
occurrence of cells with apoptotic features to
determine the proportion of apoptotic
leucocytes, and a minimum of 500
neutrophils were counted to determine the
percentage of apoptotic neutrophils.

Statistical analysis

The results are expressed as means (standard
error (se). Student-Newman-Keul’s test was
used for multiple comparison of different
animal groups of each index with the
software package Instat because this test
method is suitable for multiple comparison.
Statistical significance was preset at p<0.05.

Results

Inflammatory reaction

Intratracheal instillation of silica induced an
obvious pulmonary inflammatory reaction.
Figure 3 shows mean lung weight in the four
groups. Lung weight in the QS group was
significantly higher than that in the SS
group (QS=6.193+0.201; SS=2.392+0.063
grams). The lung weights in SS group and
ST group were similar and no significant
difference could be detected between the SS
and ST groups.

Lung weight in the QS group was
significantly higher than that in the QT
group (QS=6.193+0.201; QT=5.347+0.279;
grams; p<0.01). The lung weights in both
the silica-instilled groups were significantly
higher than the SS and ST groups.
(p<0.001).

The total cell numbers in BALF of the
QS, QT, SSand ST groups were 50.73+5.15,
36.48+4.22, 12.00(0.69, and 13.47+0.71
(x109/ml, respectively (Figure 4). The
silica-instilled groups had significantly
higher cell numbers than the saline-instilled

groups (p<0.001). The QT group had lower
cell numbers than the QS group and the
difference was statistically significant
(p<0.01). There was no significant
difference between the SS and ST groups.

The LDH activity in BALF in the QS,
QT, SS and ST groups was 220.8+21.1,
197.8+15.7, 37.4+5.8, and 39.2+4.3 UIL,
respectively (Figure 5). Silica-instilled
groups had significantly higher activity
than the saline-instilled groups (p<0.001).
No significant difference could be detected
between the QS and QT or SS and
ST groups.

Cell composition in BALF

The cell type in the two saline-instilled
groups was mainly macrophage. Neutrophils
were very few and other cell types such as
lymphocytes and monocytes were rarely
seen. In the silica-instilled groups, however,
the cell type was mainly neutrophil.
Macrophages became a minority and other
cell types were also few. No statistically
significant difference could be detected
between QS and QT groups in both
percentages of  macrophages and
neutrophils. The  percentages  of
macrophages and neutrophils in the four
groups are shown in Figure 6 and 7,
respectively.

Apoptotic reaction in BALF cells
In the Diff-Quik-stained slides, apoptotic
cells, mainly neutrophils, were detected.
The proportion of apoptotic cells among
leucocytes in QS and QT groups was
16.97+0.66 and 44.31+3.43, respectively
(per 1000 cells, see Figure 8). The
proportion in the QT group was
significantly higher than that of QS
(p<0.001). The percentages of apoptotic
neutrophils among total neutrophils in QS,
QT, SS and ST groups were 2.7+0.3,
7.2+0.6, 0 and O, respectively (Figure 9).
The QT group was significantly higher than
the QS group (p=0.0002).

The proportions of macrophages with
engulfed cells in total macrophages in QS,
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Figure 1: Apoptotic neutrophil in bronchoalveolar lavage fluid from silica-instilled rats (x1000)

Figure 2: Apoptotic macrophage (under the two neutrophils with condensed parts of nucleus)
in bronchoalveolar lavage fluid from silica-instilled rats (x1000)
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Figure 3: Lung weight of rats after
intratracheal instillation of silica or saline
and intraperitoneal injection of saline or
ticlopidine (mean+se)
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Figure 4:Total cell number in
bronchoalveolar lavage fluid of rats after
intratracheal instillation of silica or saline
and intraperitoneal injection of saline or
ticlopidine (mean+se)
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Figure 5: Lactate Dehydrogenase (LDH)
activity in bronchoalveolar lavage fluid of
rats after intratracheal instillation of silica or
saline and intraperitoneal injection of saline
or ticlopidine (mean+se)
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Figure 6: Percentage of pulmonary alveolar
macrophages (PAM) in BALF cells of rats
after intratracheal instillation of silica or
saline and intraperitoneal injection of saline
or ticlopidine (mean+se)
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Figure 7: Percentage of neutrophils in BALF
cells of rats after intratracheal instillation of
silica or saline and intraperitoneal injection
of saline or ticlopidine (mean+se)
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Figure 8: Proportion of apoptotic leukocytes
in BALF leukocytes of rats after intratracheal
instillation of silica or saline and
intraperitoneal injection of saline or
ticlopidine (mean+se)
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Figure 9: Percentage of apoptotic
neutrophils in BALF neutrophils of rats after
intratracheal instillation of silica or saline
and intraperitoneal injection of saline or
ticlopidine (mean+se)
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QT, SS and ST groups were 11.0+2.4,
19.6+£2.9, 0 and 0, respectively (per 1000
macrophages, see Figure 10). The QT group
was higher than the QS group, but the
difference was only statistically marginal
(p=0.0517).

Discussion
Chronic inhalation exposure of workers to
crystalline silica can result in silicosis. The
general public can also be exposed to lower
levels of crystalline silica from quarries, sand
blasting, and entrained fines particles from
surface soil (Collins et al. 2005). There is
always a lag period between silica exposure
and diagnosis of silicosis. The diagnosis of
silica-induced diseases is mainly based on
clinical findings, lung function and X-Ray
examinations. None of these is sensitive to
early stage disease or subtle progression.
Equally, though the disease is poorly treatable
at present, none of these modalities is likely
to offer a means to measure the success of
novel treatments. These facts indicate that
silica-induced disorders are generally
persistent, insidious and irreversible. The
underlying mechanism on the persistence of
silica-induced harmful effects is not yet
completely understood. Revealing the
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Figure 10: Proportion of pulmonary alveolar
macrophages (PAM) with engulfed
apoptotic cells in BALF macrophages of rats
after intratracheal instillation of silica or
saline and intraperitoneal injection of saline
or ticlopidine (mean+se)
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mechanism may help explain the process of
silica-induced  fibrosis and potential
carcinogenic effect.

The experiments in this study describe a
rat model of silica-induced inflammation. In
our previous studies of this process, it was
demonstrated that neutrophil apoptosis
occurred in a delayed pattern and the delay
could have contributed to the persistence of
the inflammation (Leigh et al. 1998). There
is some evidence that platelet/neutrophil
interaction can occur in inflammatory
reactions (Bengtsson & Grenegard 1994;
Naum 1994), and that platelets are able to
secrete certain molecules that delay
neutrophil apoptosis (Gasmi 1996a; Gasmi
1996b). The present study demonstrated
that ticlopidine administration can enhance
neutrophil apoptosis and concurrently
reduce the increase of total cell number in
BALF and lung weight increase. This is the
first demonstration that a platelet
aggregation inhibitor, ticlopidine, can
enhance neutrophil apoptosis in silica-
induced reaction and reduce the
inflammatory reaction.

Regarding the mechanism of neutrophil
apoptosis enhancement by ticlopidine, it is
possible that this substance exerts its effect
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via inhibition of platelet aggregation. This is
a well-established property of this drug that is
clinically employed to prevent thrombosis. It
is a reasonable speculation that silica
exposure might cause platelet activation by
injury of pulmonary vessels or activation of
inflammatory cells. In fact, it has been
demonstrated that bleomycin, a drug that
causes pulmonary inflammation and fibrosis,
increases platelet trapping in the lung of
treated mice (Piguet & Vesin 1994a). The
inhibition of platelet aggregation may
prevent the subsequent steps of platelet
activation in an inflammatory condition and
hence prevent the release of the contained
chemical agents. Platelets can produce and
release many agents including cytokines,
growth factors and other agents such as
diadenosine polyphosphates. The
diadenosine polyphosphates Ap:A, Ap.A,
ApsA and Ap.A, secreted by platelets, can
effectively delay neutrophil apoptosis and
they can exert their effects in combination
with  granulocyte-macrophage  colony-
stimulating factor (Gasmi 1996a,b). Since
cytokines such as TNF-a and IL-1, which
have the potential capability to induce
neutrophil apoptosis, are also secreted in
silica-induced inflammation (Driscoll et al.
1990), it is possible that platelet-secreted
factors delay neutrophil apoptosis as a
dual regulation of neutrophil function and
life span.

Apoptotic features included formation of
condensed chromatin bodies with sharp edges
and convolution of the cell surface (Newman
et al. 1982; Savill et al. 1989). Apoptotic
macrophages and apoptotic neutrophils can
be distinguished by morphology (see Figures 1
and 2). The morphological apoptosis is
confirmed by agarose gel electrophoresis in
our previous study (Leigh et al. 1997).
Neutrophil apoptosis and subsequent
engulfment by macrophages are a proposed
mechanism for the resolution of acute
inflammation (Cox et al. 1995). Promotion
of  neutrophil apoptosis was also
demonstrated to enhance resolution of acute
pulmonary inflammation (Cox 1996).

Importantly,  visualisation of  small
percentages of in situ stained apoptotic cells
yields biological significant data (Hussain et
al. 1998). A rate of tissue regression as rapid
as 25% per day can result from apoptosis in
2% to 3% of the cells at any one time (Brusch
et al. 1990). The ticlopidine reduction of
total cell number in BALF and of increased
lung weight in silica-instilled rats may be
attributed to the enhanced neutrophil
apoptosis induced by ticlopidine. Apoptotic
neutrophils may lose some of their functions
(Lee et al. 1993; Dransfield et al. 1994), fail
to release their lytic enzymes into the
extracellular environment and become
engulfed by alveolar macrophages and
ultimately be degraded. This process might
help to limit the degree and extent of the
silica-induced inflammation and accelerate
the removal of superfluous neutrophils.

Silica-induced inflammation predisposes
to the development of fibrosis. There is
accumulating evidence that cytokines and
growth factors released in inflammatory
conditions are responsible for the ensuing
fibrotic process (Driscoll et al. 1990a; Elias
et al. 1990; Krane et al. 1985; Li et al. 1992;
Piguet et al. 1989, 1990, 1993; Piguet &
Vesin 1994b). It is possible that enhanced
resolution of inflammation leads to the
inhibition of fibrosis. If silica-induced
chronic inflammation is a contributing
factor for silica carcinogenesis (Borm &
Driscoll 1996), it is possible that enhanced
resolution of inflammation can reduce the
risk of cancer development.

The underlying mechanism of silica-
induced effects is complicated and poorly
understood. Pulmonary macrophages are
currently considered to play a central role in
the development of silicosis. Nevertheless,
other cell types including platelets might act
on macrophages to modulate the
inflammatory and  fibrotic  process.
Activated platelets can release some agents
modulating the function of monocytes
(Engstad et al. 1995; Tsuji et al. 1994),
which are the precursor of alveolar
macrophages and differentiate into alveolar
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macrophages in large quantity in silica-
induced inflammation. This  study
demonstrated that ticlopidine can reduce
silica-induced increase in lung weight and it
is hypothesised that this effect is exerted by
intervening in not only platelet/neutrophil
interaction, but also in platelet/monocyte
interaction. In addition, macrophages are
also proposed to regulate neutrophil
apoptosis (Aliprantis et al. 1996). Further
studies on the role of platelets in the

Conclusion
In summary, this study demonstrated that
ticlopidine can enhance neutrophil
apoptosis in silica-induced inflammatory
reaction and reduce the severity of the
reaction. There seems to be a correlation
between enhanced apoptosis and reduced
inflammation, which provides a basis for
further study of the role of platelets in the
development of silica-induced effects. The

basis for clinical trial of ticlopidine in the
treatment of silicosis is also provided.

modulation of macrophage functions in
silica-induced effects are also required.
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PRACTICE, PoLICY AND LAw

Rural Health Systems Change

Peter Harvey

Rural Health School, Whyalla Norrie, South Australia

Much effort has been expended in recent years attempting to reform the Australian
health system in order to deliver more efficient and effective systems of care for an
ageing and increasingly chronically ill population. Rural health care systems in
particular have been a focus of reform programs, and new initiatives such as
University Departments of Rural Health, Regional Health Service structures and
Commonwealth primary care initiatives have been designed to improve service
provision and health status for rural people. However, with these attempts to reform
the way rural communities understand and manage their health care, surprisingly little
has changed in the day-to-day business of health care in rural and regional areas.
Paradoxically, while rural communities have moved to embrace new farming
technologies and environmental perspectives along with modern land management
practices, revegetation and sustainable production systems, the same enthusiasm for
change does not appear to have been kindled in relation to health system reforms.
Rural communities, in terms of health care, are still using the equivalent of outmoded
farming practices and other environmentally and economically unsustainable
approaches to managing their affairs. Why might this be and what can be done to
improve the current state of health reform in our rural and regional areas? The paper
explores systems change in relation to health reform in rural communities and
highlights several strategies for bringing about a functional synthesis of research and
health service practice to create a more effective health care system in rural South

The University of Adelaide Rural Clinical School, Spencer Gulf

Australia.

Key words: Rural Health System Reform; Change; Sustainability; Efficiency; Integration; Collaboration

The extent of the health crisis in rural
Australia is well documented, indicating
that rural people suffer a greater burden of
disease, and that their health status is more
likely to be affected adversely by a wide
range of risk factors, than is the health status
of their metropolitan counterparts (Harvey
2003b, 2004; Smith 2004; Wilkinson &
Blue 2002). The paper focuses on some of
the more recent attempts to deal with
emerging health care problems, such as
increased rates of chronic disease, rising
service provision costs, and recruitment and
retention of health professionals. An
overview of possible reasons for the failure of
change initiatives in rural health systems
(Harvey, 1996, 2000, 2002) is offered with a

description of key phenomena surrounding
the business of rural health care.

Recent Change Initiatives

In response to health systems stresses in
recent years, rural communities across
Australia have been the recipients of
significant funding to support a range of
new primary health care initiatives. Much
of this funding, additional to normal
recurrent budgets in the health system,
has been allocated to facilitate change
and development through demonstration
and research projects across South
Australia in both mainstream and
indigenous health systems:
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Considerable effort and money has been
invested in rural and remote health in
Australia since it emerged as an identifiable
field of activity some fifteen years ago. There
has been significant investment in a rural
general practice strategy; in rural and remote
academic infrastructure through the
University Departments of Rural Health and
Rural Clinical Schools; some additional
funding for regional and Aboriginal health
services and financial support for advocacy
groups and rural professional associations.
Have there been good returns for those
investments? What has been achieved? What
are the continuing challenges? (National
Rural Health Alliance 2004).

Further, programs such as those outlined

below have been developed to enhance rural
health care systems:

= Council of Australian Governments
(COAG) coordinated care trials

e More Allied Health Services
(MAHS)

e Enhanced Primary Care (EPC)
funding for GPs and allied health
services

< Commonwealth Regional Health
Service initiatives (CRHS)

= Quality Use of Medicines (QUM)

= Community packages for aged care
services

= Indigenous Chronic Disease Self-
Management pilot program
(CDsM)

= Chronic Disease Self-Management
(CDSM) programs - Sharing Health
Care SA

e Chronic Disease Self-Management
(CDSM) programs in indigenous
communities.

In addition to the initiatives and resources
listed above, funding has also been provided
by the Commonwealth to establish the
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combined University Departments of Rural
Health (UDRH) across Australia. This new
funding has led to substantial developments
in chronic illness management in particular,
but in spite of the considerable injection of
resources in support of the change and
development process in rural health systems,
major impediments to change still exist.

The following phenomenological analysis
of the change process in rural health
attempts to outline some of the key factors
involved in leading and managing the
emerging rural health environment and
offers some suggestions for improving
collaboration and cooperation within and
between the various components of the
system that may contribute to the process of
sustaining improved health outcomes for
rural people.

The Culture of Rural Health Units
Rural health units form a unique culture, and
have achieved an importance and status
comparable with that of the local churches,
schools, or the police service in small rural
communities. They are often holders of major
recurrent budgets and are frequently, like
schools and other formal institutions, among
the largest employing bodies in the
community. Because of this, and the
importance and status of health professionals
in rural communities, health units exercise
power in the local culture.

Those who work within these structures are
frequently the most qualified and influential
professionals in the community. They often
sit on other boards of management and on
community management structures because
of their level of education and expertise in
management, finance, and health.
The hospital and health units portray an
image of dependability, strength, purpose
and formality.

Leadership in rural health

Many rural health unit leaders have spent a
lifetime in the health system, usually
working their way through the various levels
of the service and grafting on, in the process,



a certain attitude to management in the
health care arena. This ‘attitude’ might be
characterised in terms of a leadership style
that focuses predominantly on the
management of resources rather than on
the management of human capital and
other related resources. It is difficult for
rural health system leaders, having been
nurtured in a certain school of thought,
to confront these constraints and to work
outside of this way of thinking.

The Service Funding Dilemma
Private providers (general practitioners
[GPs] and other practitioners) are paid a ‘fee
for service’, so there are incentives in the
system for providers to provide services
without necessarily focusing on health
outcomes to be achieved through service
provision. One solution to this dilemma
might be to change the way providers are
remunerated for the work they do. An
example could be to fund GPs, for instance,
to do more preventive, early intervention,
and patient management work to keep
people out of hospital, and to reduce their
reliance on medical and pharmaceutical
interventions. The idea of providing linked
funding for specific health related outcomes
underpins the Commonwealth govern-
ment’s Enhanced Primary Care (EPC)
program (Commonwealth Department of
Health and Ageing 2002a, 2002b, 2002c;
Commonwealth Department of Health and
Family Services 1998), which is inexorably
moving health service provision in Australia
towards the application of structured
protocols for the management of health care
services for patients with chronic conditions
such as diabetes and arthritis, as is the case
now in other developed countries
(Alessandrini et al. 2001; Dally et al. 2002;
Light 1999; Zuckerman et al. 2002).

In the United States and other developed
countries, those who manage health
systems, health insurance schemes, and
other funding bodies providing health
services are recognising a new imperative to
manage this major social resource in a more
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effective and efficient manner in order to
improve the return on these resources for
the individual and the community generally
(Robinson 2004). No longer can health care
remain as an uncapped commodity in
modern societies. It is far too valuable a
resource to allow major inefficiencies to
inflate the cost of providing comprehensive
health care services. As Bodenheimer et al.
(2002, p. 2470) argue in relation to new
trends in patient self-management, for
example, there is no longer a question about
whether we manage things differently, but
how we manage to do that.

Hospitals in particular are funded
through the ‘casemix’ formula for
admissions in various illness categories. If
hospital managers initiate processes in the
community to prevent or mitigate
admissions and clinical costs, they might
lose funding and ultimately find themselves
unable to fund even basic clinical care. An
example of this is the reducing capacity of
small rural hospitals to maintain clinical
services like obstetrics and the need for the
State to keep many small hospitals open at
great cost to operate virtually as aged care
and long-stay facilities because other
medical work can no longer be carried out
in these facilities. Many small rural
hospitals are expensive monuments to
earlier days when they were staffed to carry
out major medical procedures and when
the focus of health care was predominantly
acute services. Today the focus of health
care is changing to preventive, earlier
intervention programs, and for reasons of
safety and the fear of litigation, the range of
acute services provided in rural hospitals is
reducing.

There appears, constantly, to be
insufficient funds allocated through central
authorities for health units to deliver what
they need to deliver. New developments
around the implementation of the
Generational Health Review (GHR) in
South Australia, for example (South
Australian Department of Human Services
2003), and the advent of ‘Population Based

Environmental Health Vol. 5 No. 4 2005 35



Peter Harvey

Funding’ may lead to more extensive
change. However, even the advent of new
population funding models based on
aggregated population need and adjusted for
disadvantage and remoteness will carry the
rider that rural communities will need to
realise efficiencies in the management of
their health services. Sustainability, as is
now being realised in the wider rural
context, is also an imperative in the
management of rural health services.

As local communities begin controlling
their own population-based funding they
will need to make their own changes to
meet funding allocations whereas today
they enjoy relative insulation from this
harsh economic reality and look to outside
agencies such as state and federal
governments for direction and support.
Population funding might not only give
rural communities funding freedom and
flexibility at the local level, but also it
could provide the responsibility that goes
with this freedom (Harvey 2005).
Communities themselves, not unknown
public servants, will then be responsible for
their  future business management
decisions. While a positive outcome in
terms of ownership and self-determination,
this development would also bring new
difficulties (Harvey 2001, 2003a).

Service duplication and competing
interests

Historically, numerous funding mechanisms
for health service resources have emerged.
Hospital and allied health services are
funded directly by state government while
the Commonwealth government funds
private service provision through the
Medical Benefits Schedule (MBS) and
Pharmaceutical Benefits Scheme (PBS). In
addition, the Commonwealth also funds a
range of new initiatives such as Divisions of
General Practice to support GPs, research
and development activities, the relatively
new Commonwealth Regional Health
Services, and Aboriginal Health Services.
Many of these systems overlap resulting in
competing  activities and  service
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duplication. At best these elements can be
coordinated by local groups, but at worst
they run unchecked. Divisions of General
Practice, for example, have from time to
time become de facto service providers,
being funded to introduce mental health
services, more allied health services
(MAHS) and the EPC program. The
Divisions of General Practice were originally
established as a professional resource for
GPs, not as service providers.

Currently the new care planning and
Enhanced Primary Care (EPC) initiatives
from the Commonwealth, while offering
increased resources for communities which
can organise well enough to tap them, also
present the possibility that privately run
primary care teams could emerge to
duplicate, compete with, and ultimately
perhaps replace struggling, state-based allied
health services. This might be part of the
declared Commonwealth intention to ‘take
a greater interest in the direct funding of
health services in the states’ (The
Australian Federal Health Minister, Mr
Tony Abbott, speaking at a luncheon forum
in Whyalla, South Australia, 16 June 2004).

People who work in rural health units,
from managers, to clinicians and
maintenance workers either come from or
tend to become attached to small
communities and many are not able easily
to move place of employment. Hence,
there is limited opportunity to bring in
external staff, as existing permanent
employees remain as stable members of the
community. The task of revitalising,
refreshing and re-training long-term locally
based staff, therefore, becomes crucial for
rural health units.

Rural communities still need to address, as
do all communities, the necessity for lifelong
learning and re-skilling. There is no
‘qualification for the whole of life’ now and
although living in rural communities carries
its disadvantages (Anderson & Thomson
2002; Simmons & Hsu-Hage 2002;
Wakerman & Lenthal 2002), rural people
will need to come to grips with the



challenge to up-skill, re-train and re-think
about the way they live and work. There is a
price to be paid for living in rural
communities and social justice frameworks
and principles of fair play might not protect
rural people in the future to the extent that
they might expect or hope (Lockie 2000;
Smith 2004)

In addition, the problem of attracting to
and retaining new professionals in remote
regions is still possibly one of the most
difficult challenges facing rural
communities. This is exacerbated now that
individuals are making decisions about
where and how they work based on a new
range of personal priorities; priorities that do
not always rank income as the most
important criterion when selecting where to
work (Florida 2003).

Fear of the unknown can be a pronounced
problem in rural health systems, as is the
belief that external people and ideas should
not disproportionately inform local practice.
There is a perception among rural people
that external agencies and individuals do
not live in or understand rural communities
and that they should not presume to tell
rural people how to arrange their business.
Rural communities are fiercely independent
and they resent the intrusion into their
culture of ideas originating from what they
might perceive to be a city culture. This is
epitomised in the notion that families may
need to live for generations in a rural
community before they are classed as
‘locals’.  Smith reminds wus of this
phenomenon when she writes:

There is often distrust and suspicion of
newcomers, who can be defined as those who
have not been born in the town, or do not
have their family name on a plot at the
cemetery (Smith 2004).

Being independent, rural people do not
necessarily embrace the notion of teamwork
and collaboration, and might be reluctant to
share information about how they do or
have done things. There might also be a
belief among health service managers that
research and subsequent policy proposals
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might not contribute much of real value to
health service management:

As Donald Horne has noted in The Lucky
Country there is an impatient optimism in
the Australian temperament which makes for
an intolerance of carefully thought out
proposals (Conway 1985, p. 36).

This idea has translated into a kind of
‘muddling through’ in rural Australia
specifically where practical measures are
valued above intellectual approaches to
problem solving or systems change.

The Way Forward: Rotation Programs
for Health Service Leaders
There are initiatives, such as newly
established University Departments of Rural
Health (UDRH), that have the potential to
make contributions to regional health
service development if potential differences
between managers of health services and
academics are overcome. Health units might
ignore the potential for university
departments to become effective business
partners, and universities need to be able to
convince managers of rural health units of
their value in training and research to the
health system. For a synthesis between these
two groups to be realised, a way forward

needs to be found.

One way forward might be for the newly
established academic and training
frameworks to create opportunities for
leaders of the two worlds to rotate their roles
and experiences and in the process to learn
from each other. UDRH structures have
been established in the bush because
practitioners have been unable to gain
access to ongoing professional development
and because it has been, and is becoming,
more difficult to attract new health
professionals to work in the rural sector.

Mentoring

A GP mentoring program developed in one
UDRH has resulted in GPs partnering with
researchers to develop research, writing, and
grant application skills. Each leader in a
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health unit would benefit by being matched
to a researcher or educator in the university
sector. This would not only support ongoing
study and professional development, but also
provide a mentoring relationship that would
serve to inform both through the process of
regular interaction, discussion, problem
solving, and publishing.

Coordination and funds pooling

As discussed above, the competing interests
in the public service provision arena can
lead to duplication and inefficiency. It
makes sense for small health services to pool
their resources and to deal directly with the
Commonwealth in setting budgets and
planning priorities at the local level. This is
potentially the case with the new
commonwealth Regional Health Service
and  Multi-purpose  Services (MPS)
arrangements in some areas. At the very
least, such a direct fund pooling approach
would see rural communities funded more
equitably on the basis of need and the cost of
service provision rather than, as is the case
currently, on the basis of fees paid for
services provided. This is inequitable as
there are insufficient rural providers to
provide all the services communities require.
Some rural communities therefore lose
revenue as in the case of GP service
provision where GPs simply cannot see
enough patients, on a fee for service
arrangement, to ensure service parity
between rural and metropolitan patients
who have similar health service needs.

The potential to pool health related
resources, avoid cost shifting and service
duplication and fund populations on the
basis of need is a much more equitable way
to approach rural funding, provided, of
course, that communities have the financial
and managerial expertise to run such a
system properly. The main risks in such a
process are that the pooling coefficients used
to calculate funding allocations might not
be adequate in cash-out arrangements and
that considerable testing of the model would
be required to finetune it. As discovered
during the recent Council of Australian
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Governments (COAG) Coordinated Care
Trials (Battersby et al. 2005; Centre for
Health Care Evaluation (CHCE) 2000;
Commonwealth of Australia 1999, 2001;
Harvey 2000), this would be expensive, as
would the provision and maintenance of the
necessary information technology (IT)
systems to monitor and report on utilisation
costs and resultant health outcomes for
individuals and populations. Another
important factor to consider would be the
ability of organisations to manage for capital
development and facility renewal over time.
Currently, the cost of maintaining
infrastructure is managed at a state level and
is often politically driven.

These potential problems
notwithstanding, locally managed fund-
pooling is a promising option, however, and
could be seriously explored by leaders of
smaller rural communities as a way of
ensuring the provision of more services in a
more efficient manner. This would avoid the
pitfalls of the current three and four tiered
funding devolution model, in which
considerable resources are consumed in the
process of distributing and managing these
resources.

Communication

In addition to a mentoring program for all
senior health service staff, the universities in
rural areas could invest in the services of a
facilitator for communication between the
various agencies and bodies for which the
university sector may be of benefit in one
way or another. This is not simply a matter
of having people coordinating and
promoting activities across the country, of
publicising conferences and workshops, but
of being involved with health unit managers
in their work to understand what they need
in order for them to do their job more
systematically. The burgeoning UDRH
sector could then be in a better position to
mesh its activities with those of the health
services in rural communities and, in the
process, bring the functions of both
organisations closer together. Such a
communication strategy would provide a



connection between the two worlds,
enabling a dialogue between them out of
which could grow mutual respect,
beneficial relationships, research work,
teaching and learning; a genuinely
collaborative relationship that would build
the capacity and skills of both sectors of the
health system.

Conclusion
Is it time to move beyond tentative primary
health care programs such as chronic illness
management and other short-term
initiatives and into rural health system
reform? For example, it has now been shown
that there is much to be gained, both for
patients and for the system, from new
initiatives such as improved coordination of
primary care services and initiatives such as
self-management programs for patients with
chronic conditions (Bodenheimer et al.
2002; Fries & McShane 1998; Lorig et al.,
1999; Lorig et al. 2001;
PricewaterhouseCoopers 2005; Strong et al.
2005). Better management leads to
improved patient health outcomes and can
reduce demand for unplanned hospital and
emergency services. Many admissions to
rural hospitals requiring expensive services,
in terms of infrastructure and staffing, could
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be either prevented, or, if not prevented
outright, patients could be managed more
effectively in the community as part of a
wider primary health care program. These
efficiencies, if achieved, might underpin the
long-term survival of rural health services as
they become more and more financially
independent and sustainable into the future.

In addition, the development of a more
productive intellectual culture in rural
health services, through collaboration and
sharing between key agencies, as well as
leading the wider community towards
lifelong learning and development, might
ensure that rural cultures adjust favourably
over time to the changing health care
system. The survival of the rural health care
culture, like the survival of the rural primary
production systems, is linked to people in
both realms doing business differently,
perhaps even less traditionally than has been
the case historically. Modern farmers
cultivate less so as to use less fuel and
conserve and nurture the soil out of which
their livelihood grows (Diamond 2005).
Such strategies are equally applicable to the
way rural communities might approach the
task of building and sustaining their health
care industries.
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Environmental Health Impact Assessment (EHIA) in the
Western Pacific Region

J. T. Spickett and J. Graham

WHO Collaborating Centre for Environmental Health Impact
Assessment, Western Pacific Region, Division of Health Sciences,
Curtin University of Technology, Western Australia

Environmental Health Impact Assessment (EHIA) is an evolving concept in the
Western Pacific Region. The Region has been strengthening the health impact
assessment component of the environmental impact assessment systems over the last
few years in the face of emerging global environmental changes. Providing an
integrated approach to EHIA using widely adopted social indicators as well as
quantitative and toxicological tools will provide a realistic and pragmatic approach to
delivering an effective evaluation system to the Region. This approach has been under

development in the region.

Key words: Health; Environment; Impact; Assessment

Environmental Health Impact Assessment
(EHIA) is a process which combines
Environmental Impact Assessment and
Health Impact Assessment to evaluate the
impact of a development, policy or plan on
the environment and on health, and with
necessary depth in both aspects to include
qualitative and quantitative evaluation
processes. Environmental Impact
Assessment (EIA) is a well-established
process to predict the impact of
development projects on the environment.
Health Impact Assessment (HIA) is a
process that assesses health risks to people
either directly or indirectly as a result of
environmental conditions or hazards.

The EHIA process has been developed to
enable HIA to be included as an integral
component of the Environmental Impact
Assessment (EIA) process. This process deals
with health issues that can be quantified;
such as level of pollutant exposure or
symptomatic health reactions, as well as
providing qualitative information obtained
from community and social assessments.
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Many countries in the Western Pacific
region have EIA processes upheld in their
legislation. However, when legislation was
established, it was probably intended that
the impact on human health would be
included in these procedures. Although EIA
has been in place in some Western Pacific
countries for about 25 years, there still
remains a lack of proper coverage of heath
impacts within the assessment. In recent
years, there has been an increased
expectation that greater consideration
should be given to the impacts on health for
development projects, and with the
introduction of new development policies
and plans, and/or changes to them.

As an evaluative process using an
evidence-based interdisciplinary approach
to determine potential adverse effects on
health, EHIA uses a range of determinants
of health, such as:

= Biological factors - for example, age,
genetics, gender;

= Preconception and inutero exposure
- for example, maternal nutrition
and health during pregnancy;
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= Personal behaviour and lifestyle - for
example, diet, smoking, alcohol,
exercise, risk taking behaviour;

= Psychosocial environment - for

example, family structure,
community networks, culture, social
exclusion;

= Physical environment - for example,
air, water, housing, transport, noise,
waste disposal; and

= Socio-economics - for example,
employment, education (Lock
2000).

The Development of Environmental
Health Impact Assessment

The development of EHIA has been shaped
by a number of international and regional
influences in the last 15 years.

International

The report of the World Commission on
Environment and Development, often
referred to as the Brundtland Commission
(World Commission on Environment and
Development 1987), recognised that EIA,
including public participation, was an
important part of the promotion of
sustainable development.

The World Health Organization is
concerned with the health impact of
economic development projects and policy.
Most often, these health impacts are
secondary  consequences of  other
environmental effects. The development of
EIA procedures has provided a way to
include and assess health impacts of new
industrial development projects, but, in
general, this has not been applied to new
policies or other developments. The
combination of environmental and health
impact assessment procedures as an
integrated approach should lead to the
identification of alternative policies or
projects which will have less adverse effects

on human health and the environment.

In 1987, a Working Group of the WHO
(World Health Organization 1987)
established four basic principles to assist in
the incorporation of issues relating to the
protection of human health into the EIA
process. In 1989, the WHO First European
Conference on Health and the
Environment unanimously approved the
European Charter on Environment and
Health (World Health Organization 1989).
The Charter recognises that every
individual is entitled to an environment
conducive to the highest attainable level of
health and wellbeing; it underlines the
shared responsibilities of individuals, public
authorities and economic sectors of society.
The Rio Declaration, introduced in 1992,
aims to establish new and equitable global
strategies to protect the environmental and
developmental system. The role of EIA is
covered in Principle 17 of this decree
(United Nations 1993).

Regional

In the Western Pacific region, the National
Health and Medical Research Council in
Australia (National Health and Medical
Research Council 1994) published a report
in 1984 on Environmental Impact
Assessment and Health Impact Assessment
(HIA). The report discusses the political
and administrative contexts in which they
operate, and the technical and
methodological issues that need to be
considered. The report emphasises that HIA
should not be a parallel process to EIA, but
should be integrated into an overall
Environmental and Health Impact Assessment
process. The report identifies sets of
principles that reflect the main concerns in
the implementation of EHIA. Subsequent to
this document, the Australian Government
established the National Environmental
Health Council (enHealth Council) as a
peak environmental health advisory group
for Australia, which has the responsibility
for the provision of national leadership and
implementation  of the  National
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Environmental Health Strategy. The New
Zealand government adopted a similar
approach in regards to HIA in 1998 (New
Zealand Public Health Commission 1998).
With support from the WHO, the
Philippines’ government published a
National Framework and Guidelines for
EHIA in 1997 to support EHIA processes
(Environmental Health Service 1997).

General Issues in the Development and
Implementation of EHIA in the Western
Pacific Region

The Western Pacific Region (WPR)
comprises a range of countries, which have
diverse political and operational issues
affecting each country within the region.
There is a need to provide an integrated
approach that incorporates both social and
scientific tools presenting an EHIA strategy
that can be easily adapted and applied, and
is capable of sustainability in each relevant
country.

Countries in the WPR have undergone
rapid changes in urbanisation and
industrialisation since the 1980s. These
changes were brought about by shifts in
economic policy, which often encouraged
direct foreign investment in their countries.
The impact of this development has
generally resulted in positive changes in the
socio-economic status of the population. But
development has also caused negative
environmental changes leading to adverse
health impacts on the population, especially
children, women and the elderly.

Unfortunately, many developing countries
in the WPR have limited capacity
adequately to assess and manage health
impacts resulting from rapid environmental
changes, and subsequently provide timely
information for policy decision making.
They also lack appropriate legislation,
institutional capacity and human resources
to monitor, mitigate and control the health
impacts of environmental hazards.

Since the early 1990s, WHO has
collaborated with several countries in the
Region to strengthen the health impact
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assessment component of the
environmental impact assessment systems in
place. Over the last few years, WHO has
collaborated with several countries in the
region, such as Malaysia, Papua New Guinea
and Mongolia, to develop HIA processes for
environmental developments that pose
potential health hazards in these countries,
and which have had knock-on effects
addressing the health impacts of emerging
global environmental changes.

The concept of EHIA and evolving
methodologies have since been introduced
into countries where HIA was not
previously considered part of the EIA
process; namely in the Philippines,
Malaysia, Papua New Guinea, Solomon
Islands, China, Mongolia, Laos, Cambodia,
and Vietnam. These countries have different
government structures and processes used to
introduce and implement the concept.
Progress to date has been varied, with only
the Philippines, Malaysia, Papua New
Guinea, Australia, New Zealand, and
Mongolia taking further steps to develop the
health impact assessment component as part
of the environmental impact assessment
procedures. The only Australian state, at
present, to have legislated HIAs into their
EIA process, is Tasmania.

In general terms, countries in the region
are striving to develop their economies,
which  has resulted in significant
environmental changes. Although health
status, as measured by increasing life
expectancies and live births, is improving as
the countries develop, there is still a need
for a better understanding of the linkages
between environmental factors and health
outcomes. For example, there is a significant
changing health burden in the region as a
result of modern hazards such as pesticide
exposure, transport accidents, and non-
communicable diseases due to changing
lifestyle practices. At the same time, many
of the traditional hazards such as unsafe
food, contaminated drinking water and
disease vectors associated with
communicable diseases still persist. A
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double burden of disease and
therefore exists.

Why are EHIA, or even EIA, difficult
concepts and processes to conduct and
enforce? In many of the countries in the
WPR region, the EIA process occurs fairly
late in the overall decision making process.
For development projects such as a new
industrial plant, the EIA is not undertaken
until consideration has been given to the
technical and financial feasibility of the
development. By the time this has occurred,
options such as performing a health impact
assessment within an EIA have often
already been eliminated from further
consideration. This means that
opportunities to protect the health and
social amenities of the community have
been removed, and so the focus then shifts
to mitigation, rather than elimination of the
potential hazards.

injury

Impediments to EHIA
The four main reasons cited for a lack of
inclusion of a health impact assessment in
the EIA process, as identified by
Steinemann (2000), are:

1. Analytical complexity - Factors that
make HIA complex are associated
with multiple cause and effects of
health outcomes, uncertainty in the
cause-effect  relationship  and
variations in individual
susceptibilities.

2. Methodology - There is a lack of
established methodologies. This is
linked to the first reason since a
methodology is dependent on an
understanding of cause/effect and
dose/response relationships.

3. Legal requirements - Often
legislation does not make explicit
mention of the requirement for the
inclusion of HIA. The inclusion of
HIA could lead to more complex
issues being raised.

4. Environment and health - There is a
view that EIA applies to impacts on
the environment and not on
humans, so EIA has primarily
focused on the potential impacts on
the environment. This issue is not
assisted by the lack of
communication between those areas
of government responsible for the
environment and those responsible
for health. Consequently, EIAs tend
to focus on the impacts of the
project on the environment without
considering the potential impact on
human health resulting from
changes in the environment as a
consequence of the development
proceeding.

There are other reasons for the lack of
consideration of HIA in the EIA process.
Environmental Health Impact Assessment,
as a concept, is very new to most countries,
and as yet, there are no clearly established
and accepted processes and procedures for
EHIA internationally. Currently, there is an
increasing appreciation of the need for
health impact assessment to be integrated
into the EIA processes in the Western
Pacific Region, but before this can happen
there is a need for the technical components
of appropriate processes and procedures to
be more clearly established.

Also on the technical side, there is the
issue of intersectoral collaboration. Without
this collaboration it is difficult to implement
an interdisciplinary approach to health
impact assessment within the EIA processes.
In considering barriers to this collaboration,
it is necessary to consider political and
cultural factors affecting different countries.

While the technical and process aspects
can  present  difficulties in  the
implementation of EHIA, there are also the
cultural, political, economic, and social
conditions, which have a complex role in
EHIA. Although the concept of EHIA is
utilised in many Westernised countries,
consideration needs to be given to the
cultural, political, economic, and social
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norms and expectations that prevail in
countries where Westernised practices are
not likely to be viewed as an appropriate
model.

Specific issues on EHIA in the region
The Western Pacific Region has undergone
rapid changes in urbanisation and
industrialisation since the 1980s. These
changes have been brought about, in part,
by strategies in economic policy, which
often encourage foreign investment in their
respective countries. These economic
changes have also caused a number of
negative environmental changes leading to
adverse health impacts on people, especially
children, women and older persons. To date,
there has been limited capacity in
undertaking adequate assessment and
management of health impacts resulting
from rapid environmental changes in many
countries of the WPR.

Although environmental threats that
impact on human health are well known,
the health component of an environmental
impact assessment to support EHIA is
lacking for a number of reasons in this
Region. In addition to those limitations
listed above, other reasons include:

= financial constraints;

< an insufficient capacity of health
professionals familiar with health
research methodology and project
management to undertake a health
impact assessment;

e a deficiency of appropriate
equipment for laboratory work;

= the lack of well-defined scientific
evidence on the impact of specific
environmental hazards on human
health; and

= the ability of many government
and non-governmental health
professionals to  work, and
collaborate with other professionals.
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This last point is crucial to ensuring
proper environmental health impact
assessment is undertaken to protect the
current and future health of populations.

Recognising many of these barriers, WHO
has supported several countries in the
Region in strengthening the health
component of the environmental impact
assessment systems in the past ten years.
More recently, WHO has collaborated with
Vietnam, Fiji and Mongolia in conducting a
health impact assessment of priority
environmental hazards in these countries,
and has begun to address health impacts of
emerging global environmental changes.

Health departments in the participating
countries have established and strengthened
infectious disease surveillance activities that
monitor the impacts of environmental
hazards on human health. Some countries
have established a comprehensive
monitoring and surveillance system to
monitor environmental health-related
illnesses, morbidity and mortality, which are
important in establishing the relationships
between health and environmental hazards
in the countries.

Also, the functions and roles of research
institutions, universities, and other private
sector institutions have supported the EHIA
process by providing services in the capacity
of:

< human resources development;

e conducting health impact assess-
ments;

= providing laboratory support;

= participating in monitoring and
surveillance activities; and

= providing consultancy in the
mitigation and  control  of
environmental hazards.

Recently, a high level meeting on health
and the environment in ASEAN and East
Asian Countries was held in late 2005



Environmental Health Impact Assessment (EHIA) in the Western Pacific Region

(Proceedings of the Second High-level Meeting
on Health and Environment in ASEAN and
East Asian Countries 2005). This meeting
was a regional initiative on environment
and health launched by ADB, WHO and
UNEP, and provided a forum for review of
environmental health issues in the Asia
Pacific region. A result of this meeting is a
draft Charter for environment and health
issues that takes into account capacity
building, transferring knowledge from other
regions, making use of existing institutional
bases and existing inter-governmental
processes, and following an inclusive
approach involving more countries and
agencies. The Charter is a vehicle where
countries can develop individual master
plans for environment and health policies,
developing EH risk assessment tools and
other assessments particular to the
respective country.

Developments in EHIA from
Selected Countries

Up until 1992, efforts in the Western
Pacific Region were spent strengthening
national capacities in implementing EIA.
Then from 1992-1999, the focus was
towards integrating health components
into EIA through EHIA activities. Since
then, the focus has been on strengthening
the capacity in EHIA and management of
the impact of development changes,
especially on specific developmental
activities (Rozlan 2003).

The Philippines

There have been several cases in the
Philippines where insufficient attention had
been paid to the potential impact on human
health of development projects. In response
to concerns raised from the Department of
Health, and with support from WHO, a
National Framework and Guidelines for
EHIA was developed and published in 1997.
The document describes the EIA system in
the Philippines and provides a general
framework for EHIA. The framework

provides guidance on procedures to assess
development projects and for the assessment
of current situations where environmental
hazards are present. In cases where there is
no requirement for the preparation of an
EHIA, information is provided for the
development of a health and safety
management plan.

Mongolia

Unique pressures on the environment and
health of this population have resulted from
the growing population, urbanisation
processes and industrial development
occurring in this country.

In conjunction with WHO, providing
technical assistance, a recent study was
conducted by the Ministry of Health in
Ulaanbaatar assessing the health impacts of
environmental hazards. The objective of the
study was to determine the relationship
between environmental pollution (air and
water) and the impacts on the morbidity of
the population. The study was carried out
using retrospective environmental and
health data. Air and water quality data were
collected and analysed to determine
bacteriological and chemical content and
contamination levels. Although the main
outcome from the study was to improve
environmental health conditions of the
capital city, the results will provide a useful
reference tool and data for future EHIA
activities in other areas of Mongolia as it
develops.

China

Historically, the focus on EIA in mainland
China, that is, pollution of air, water and
soil, was at the expense of the consideration
of wider environmental, social and health
impacts inherent in the EHIA process
(Wanga, Morgan & Cashmore 2003).
Environmental protection agencies were
funded by many of the development-
oriented local government administrations,
resulting in a lack of consideration of
alternatives in EIA processes and effective
public participation. There is now much
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greater awareness of the impact of
environmental factors on the health of the
population.

Malaysia

There have been several recent
developments in Malaysia where required
HIA in EIA processes were incorporated
into both the project development and the
assessment of current situations where
environmental hazards are present. The
Twin Towers project is most notable, where
issues such as traffic flow, noise, safety and
health  of the  workers, food,
accommodation, hygiene, and vector borne
disease, such as dengue and waste
management, were addressed. Another is
the Hydroelectric Bakun Dam in Sarawak
costing US $4 billion, and situated on the
Balui river affecting 10,000 indigenous
people where it occupies over 69,640
hectares of land and virgin rainforest. Also
included are hazardous waste incineration
plants, the Kampong Bohol incinerator
plants (in Kuala Lumpur) and sanitary
landfills in Selangor (Rozlan 2003).

Conclusion
Implementing health impact assessment
within  the environmental impact
assessment process has provided a necessary
component to the growing development in
the Western Pacific Region. Some of the
challenges associated with adopting rigid
and narrowly focussed scientifically based
procedures to assess risks to health from
environmental conditions, is that they do
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Faecal Source Tracking in Surface Waters: A Review of Faecal
Indicator Microorganisms and Current Methods
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Faecal indicator microorganisms have long been used by water quality industries to
assess the quality of surface, ground and shellfish-harvesting waters. However, none
of these indicators are universally accepted as they lack the desired characteristics of a
suitable indicator. Further, they do not provide sufficient information regarding their
source of origin. Over the past ten years, researchers have developed many
phenotypic, genotypic and chemical methods to identify the sources of faecal
contamination in waterways. However, there is no ‘gold standard’ method for faecal
source tracking. This paper is a critical evaluation of faecal indicators along with the
advantages and limitations of current source tracking methods.
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Faecal contamination is believed to be one
of the major causes for increased
microbiological and nutrient loads in
waterways (Lipp, Farrah & Rose 2001), and
poor water quality results in the deaths of an
estimated 5 million children annually
(Watson 1996). Non-point sources (NPS)
(Barnes et al. 2004; Griffith, Weisberg &
McGee 2003) and/or point sources (PS)
(Parveen et al. 1997) are both known to be
potential sources of such contamination.
Human enteric pathogens such as
Salmonella spp., Shigella spp., hepatitis A
and Norwalk viruses have been found in
surface waters due to human faecal
contamination (Barnes et al. 2004; Dombek
et al. 2000). Wastewater from domestic
and/or farm animals might further
contribute pathogens such as Escherichia coli
belonging to  serotype  O157:H7,
Cryptosporidium spp. and Giardia spp.
(Dombek et al. 2000; Hill & Sobsey 1999).
Identification of major sources of such
faecal bacteria, as well as potential
pathogens in water, is therefore necessary to
minimise the potential public health risks
associated with such contamination.

Faecal indicator microorganisms have
long been used by the water quality industry
to indicate faecal contamination and the
presence of potential pathogenic
microorganisms. However, these indicators
alone do not provide sufficient information
regarding their source. Over the past ten
years, microbiologists have developed new
techniques, collectively known as microbial
source tracking (MST) methods. These
methods, along with various faecal
indicators have been used to predict the
sources of faecal contamination. This
review will in the first instance provide an
overview of current faecal indicators
followed by a discussion of various MST
methods, with regard to their advantages
and limitations in ecological studies so as to
predict the sources of faecal contamination
in surface waters.

Faecal Indicator Microorganisms
Faecal indicator microorganisms are
biological agents, which have entered the
water at the same time with faecal matter
and therefore indicate the presence of
potential pathogenic microorganisms.
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However, to be an ideal candidate, an
indicator microorganism should meet
certain criteria such as it should be
universally native to the intestine of
humans and animals in large numbers,
should not be pathogenic and the number
should be higher than pathogens, should be
easily isolated, enumerated and identified,
should be resistant to a variety of
environmental stresses, should survive long
enough in the natural waters to be detected,
should not multiply in the environment,
and their presence should be associated with
the presence of pathogenic microorganisms
(Bitton 2005; NHMRC 1993).

The most commonly used indicator
microorganisms are discussed below.

Coliforms

Coliforms have long been used to assess the
quality of recreational and shellfish-
harvesting waters (Hagedorn et al. 1999;
Hartel et al. 2002; Harwood, Whitlock &
Withington 2000). These groups of bacteria
include E. coli and several coli-like
(coliform) bacteria, mainly belonging to the
family  Enterobacteriaceae, and are
commonly found in the gastrointestinal
(GI) tracts of warm-blooded animals
(Harwood, Parrish & Wagner 1999; Meays
et al. 2004). Over the past few years coliform
dynamics have been examined (Barnes et al.
2004), and their value as an indicator has
recently been questioned because these
bacteria can also be derived from various
other sources such as soil, decaying
vegetation and industrial  processes
(Dombek et al. 2000; Hagedorn et al. 1999).
In addition, their ecology and prevalence
differ from pathogenic microorganisms
(Craun et al. 1997, Desmarais, Solo-
Gabriele & Palmer 2002). Finally, the
sensitivity  of  these  bacteria to
environmental stresses is low compared to
viruses and protozoans (Desmarais, Solo-
Gabriele & Palmer 2002). These factors
collectively limit their use as a standard
indicator and, therefore, other bacteria such
as E. coli, enterococci, Bifidobacterium spp.,

52 Environmental Health Vol. 5 No. 4 2005

have been suggested as alternative
indicators (Godfree, Kay & Wyer 1997).

E. coli

E. coli has been considered ‘the pioneer
marker’ as these bacteria colonise in the Gl
tracts of human and other warm-blooded
animals in relatively high numbers
(Baudiséva 1997; Fujioka 2001). E. coli
possess several desirable criteria of an ideal
indicator as mentioned earlier, such as not
normally pathogenic, and easy to culture
and detect, the concentration in receiving
waters is much higher than those of
pathogens (Edberg et al. 2000; Toranzos &
McFeters 1997) and they may survive a
prolonged period in natural environments
under favourable conditions (Baudisdva
1997). However, it has also been reported
that E. coli can replicate in pristine waters in
tropical environments (Desmarais, Solo-
Gabriele & Palmer 2002) and certain
encapsulated strains of E. coli can cause
blooms in surface waters even in the absence
of faecal sources (Power et al. 2005).

Enterococci

Enterococci, also known as faecal
streptococci, are members of the genus
Enterococcus (Ludwig et al. 1985). They
can be easily distinguished from other faecal
streptococci by their ability to grow at 10-
45°C, at high pH (i.e. pH=9.6), and in
medium with 6.5% NaCl. So far, 19 species
have been included in the genus (Topp et al.
2003). The most common species of
enterococci include E. faecalis, E. faecium,
E. durans, E. gallinarum and E. avium
among which E. faecalis and E. faecium are
commonly found in humans (Scott et al.
2002). Enterococci have the ability to
survive in the natural environment for
lengthy periods under favourable conditions
(Baudisdva 1997; Hagedorn et al. 1999;
Kibbey, Hagedorn & McCoy 1978; Sinton,
Donnison & Hastie 1993), are less
numerous than faecal coliform in human
faeces and rapid methods are available for
their detection and identification. Several



epidemiological studies have shown a
correlation between enterococci
concentrations and swimming-associated
gastrointestinal diseases in recreational
waters (Cabelli et al. 1982, 1993; Chung et
al. 1998; Fujioka 2001; Kay et al. 1994; Roll
& Fujioka 1997). However, it has to be
noted that enterococci might regrow in
subtropical and tropical waters once they are
released into the environment (Desmarais,
Solo-Gabriele & Palmer 2002).

Bifidobacteria

Bifidobacteria are anaerobic, Gram-positive
enteric bacteria, which are considered as a
potential faecal indicator due to their high
abundance in human faeces relative to those
of faecal coliforms (Evison & James 1974).
One important advantage of bifidobacteria as
an indicator of faecal contamination is that
several species (i.e. B. bifidum, B.
adolescentis, B. infantis) appear to be
primarily associated with humans (Bitton
1999; Mara & Oragui 1983). The presence
of Bifidobacteria in surface waters indicates
that faecal contamination has occurred
through human faeces (Beutin 1999; Rhodes
& Kator 1999; Scott et al. 2002). Another
key advantage of Bifidobacteria is that they
do not replicate in the environment due to
their strict growth requirements (Levin
1997; Mara & Oragui 1983). Bifidobacteria
have the ability to ferment sorbitol and can
be easily detected in sorbitol agar (Rhodes &
Kator 1999). However, one disadvantage of
these bacteria is that they do not survive in
the environment for lengthy periods
(Bernherd & Field 2000a; Carrillo, Estrada
& Hazen 1985; Rhodes & Kator 1999) to be
detected (Gilpin, Gregor & Savill 2002).
The use of Bifidobacteria is also limited due
to the difficulty in isolation and
identification from environmental samples
using traditional biochemical methods
(Matsuki et al. 1999).

Clostridium perfringens
C. perfringens are spore forming, sulphite-
reducing, rod-shaped anaerobic bacteria
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(Holt et al. 1994). These groups of bacteria
are commonly found in the GI tract of
warm-blooded animals and have been
isolated from surface waters (Cato, George
& Finegold 1986). Spores of C. perfringens
are largely of faecal origin and comprise
approximately 0.5% of the faecal flora
(Sorensen, Eberl & Dicksa 1989). The
advantage of using this bacterium is that
unlike other indicator bacteria, they do not
replicate in natural waters due to their strict
growth requirements (Davies et al. 1995).
Their spores are resistant to disinfection
processes and environmental stresses
(Bitton 1999). Due to this resistance, C.
perfringens has been suggested as an
indicator for the inactivation and removal
of viruses in drinking water treatment
(Payment & Franco 1993). It has also been
reported that the number of C. perfringens
correlates with human enteric viruses in
surface waters (Fujioka & Shizumara 1995;
Payment & Franco 1993). However, these
bacteria may not be suitable for identifying
recent pollution events because their
persistence allows detection long after any
pollution event (NHMRC 2003).

Bacteroides

Bacteroides are anaerobic non-spore forming
bacteria commonly found in the Gl tract of
warm-blooded animals including humans.
The number of these bacteria is quite high
in faeces, representing more than 30% of
total human faecal flora (Moore &
Holdeman 1974). One advantage of using
such bacteria is that they do not replicate in
the natural environment and their presence
in natural waters indicates that recent
contamination has occurred (Meays et al.
2004). Again, the use of these bacteria as an
indicator is limited due to difficulties in
isolation and identification. Further, they do
not survive in the environment for lengthy
periods (Sinton et al. 1998).

Bacteriophages
Bacteriophages are viruses that infect E. coli
found in human intestines. Bacteriophages
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are generally found in large number in
sewage and wastewater. Three groups of
bacteriophages have been proposed as
indicators. These include somatic coliphage
(Hilton & Stotzky; Kott et al. 1974), male-
specific RNA coliphage (Havelaar &
Hogeboom 1984) and phages infecting
B. fragilis (Grabow et al. 1995; Jofre et al.
1986; Tartera & Jofre 1987). It has been
reported that coliphage lack host specificity.
For instance, F* coliphages attack E. coli as
well as other coliforms (Rhodes & Kator
1999). It has also been reported that F*
coliphages and somatic coliphages can
multiply in the environment and may act as
a false indicator (Leclerc et al. 2000). A
large volume of water samples needs to be
analysed for isolation of this bacterium,
which is not practical for routine
monitoring (Leclerc et al. 2001).

Human enteric viruses

Enteric viruses infect the human GI tract
and they are generally transmitted by the
faecal-oral route (Bitton 1999). Over 100
different enteric viruses are found in the Gl
tract of humans. The acellular nature of
viruses alters them to acquire resistance to
environmental stresses and therefore survive
in the natural waters for a lengthy period
(Funderburg & Sorber 1985). Because of
their high degree of host specificity, they
could be regarded as excellent indicators of
human faecal contamination (Sinton et al.
1998). However, while numerous types of
human pathogenic viruses might be present
in environmental samples, many of them are
not detectable using conventional cell
culture technique (Arraj et al. 2005).
Further, cell culture assays are laborious,
time-consuming and lack sensitivity for
unequivocal detection of viruses (Baggi et
al. 2001). It has to be noted that in recent
years, molecular methods have been
developed which are useful to detect viruses
in environmental samples (Fong et al. 2005)
and, therefore, the lack of specificity in
faecal indicators could be avoided.
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Microbial Source Tracking Methods
The currently used source tracking methods
can be broadly categorised as microbial
(Griffith, Weisherg & McGee 2003; Scott et
al. 2002) and chemical methods (Seiler et al.
1999). Microbial methods can be further
categorised as genotypic and phenotypic
methods. Some of these methods have been
further categorised as database-dependent
methods, based on the hypothesis that
phenotypic or genotypic characteristics of
specific strains are associated with specific
animals (Amor et al. 2000; Hartel, Summer
& Segars 2003; Johnson et al. 2004;
McLellan 2004). On the basis of this
hypothesis, a reference database is assembled
of either the genotypic or phenotypic profile
of the indicator bacteria from several known
host groups and classified to host categories
using a variety of statistical models such as
discriminant, cluster and principal
component analyses (Simpson, Santo
Domingo & Reasoner 2003; Whitlock, Jones
& Harwood 2002). The database is then used
to compare with profiles obtained from the
same indicator bacteria found in receiving
waters, presumed to be contaminated with
the same faecal indicator bacteria. In this
manner, the source(s) of unknown
environmental isolates can be identified, or
at least predicted, based on the similarity to
the database. Genotypic database-dependent
methods distinguish between sources of faecal
contamination by identifying patterns in the
genetic makeup of bacterial isolates and
matching them with the database from
known host groups, while phenotypic
database-dependent methods rely on growth
patterns produced when bacterial isolates are
subjected to a given test system. In contrast,
certain methods do not require development
of a database and are referred to as ‘database-
independent methods’. These include host
specific polymerase chain reaction (PCR)
(Dombek et al. 2004; Parveen et al. 1999),
terminal-restriction  length  fragment
polymorphism (t-RFLP) (Bernherd & Field
2000a, b), and toxin gene biomarkers (Olson,
Khatib & Chern 2002) which differentiate



between sources by identifying the presence
of genetic markers unique to the faecal
bacteria of the targeted host groups.
Database-independent methods mainly
operate at the population level rather than
the isolate level. Certain database-
independent genotypic methods target
viruses that occur in human faeces while not
found in animals and include those that
detect human enteroviruses and adenoviruses
or F coliphage, a virus that infects E. coli.
Chemical methods such as detection of
caffeine and faecal sterols analysis have also
been used to detect the source(s) of faecal
contamination in surface waters (Leeming et
al. 1996).

Database-dependent genotypic methods

Pulsed field gel electrophoresis

Pulsed field gel electrophoresis (PFGE) is
considered as being the most popular
method for typing bacterial isolates (Olive
& Bean 1999). This method is highly
discriminatory and stable for analysis of
numerous species of bacteria (Barbier 1996;
Grundmann et al. 1995; Murray et al. 1990;
Poh, Yeo & Tay 1992; Saulnier et al. 1995;
Schlichting, Branger & Fournier 1993). In
this method, DNA fingerprints are
generated by in situ detergent-enzyme lysis
and digestion with infrequently cutting
restriction endonucleases. The digested
bacterial plugs are then subjected to
electrophoresis. The pulsed-field allows
clear separation of very large molecular
length DNA fragments ranging from 10 to
800 kb. The electrophoresis patterns are
visualised following staining of the gels with
a fluorescent dye. A reference database
is then developed according to bacterial
types and compared to unknown
environmental isolates.

Repetitive extragenic palindromic - PCR

Repetitive extragenic palindromic (rep)-
PCR targets repetitive  extragenic
palindromic elements to compare bacterial
genome diversity (Carvalho de Moura, Irino
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& Vidotto 2001; Dalla-Costa et al. 1998;
Johnson et al. 1998; Koeuth, Versalovic &
Lupski 1995). This method uses PCR and
specific primers such as BOX primer (i.e.
154 base-pair [bp]), rep primer (35-40 bp) or
enterobacterial  repetitive  intergenic
consensus (ERIC primer) (124-127 bp) to
amplify specific portions of the microbial
genome (Versalovic, Koeuth & Lupski
1991) followed by electrophoresis, staining
and visualising band pattern for each
genomic DNA. This method is based on the
hypothesis that isolates having
indistinguishable banding patterns can be
regarded as genetically identical (i.e.
genetically related). The banding patterns
are stored in a database and compared with
unknown environmental isolates to identify
the source.

Ribotyping

Ribosomal ribonucleic acids (rRNA) are an
integral part of all living cells, and the genes
coding rRNA tend to be highly conserved
(Farber 1996). In this method, DNA is
isolated from bacterial isolates and cut into
fragments using one single restriction
enzyme such as Hindlll (Parveen et al.
1999) or a combination of two enzymes such
as EcoR1 and pvull (Samadpour &
Checowitz 1995). The resulting fragments
are separated based on their molecular
weight  using  gel  electrophoresis.
Hybridisation with a labelled DNA probe
creates a pattern of the fragments, which are
specific to each strain. The fingerprints are
then analysed by discriminant analysis and
compared to a reference database.

Database-dependent phenotypic
methods

Antibiotic resistance analysis

Antibiotic resistance analysis (ARA) has
been used extensively for MST studies using
E. coli and/or enterococci. (Geary & Davies
2003; Graves et al. 2002; Hagedorn et al.
1999; Parveen et al. 1997; Wiggins et al.
2003). Antibiotics are used to prevent and
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treat infections in humans and domestic
animals as well as to promote growth in
animals. Microorganisms develop resistance
to antibiotics to which they are regularly
exposed. The ARA method is based on the
hypothesis that bacteria present in the
intestine of different animals, subjected to
different types and concentrations of
antibiotics, would result in host-specific
resistance profiles (US EPA 2005). ARA
fingerprints of unknown environmental
isolates can be compared to a host specific
reference database of several known host
groups.

Carbon source utilisation

Carbon source utilisation (CSU) has been
recently used for MST (Hagedorn et al.
2003) and compares differences in the
utilisation of several carbon and nitrogen
substances by bacterial isolates. This method
has been developed for species identification
and can be used with the Biolog database to
identify more than 2000 species of
microorganisms. This method has also been
extensively used for characterisation and
identification of microorganisms in medical
microbiology, soil and aquatic microbiology
(Holmes et al. 1994; Noble & Gow 1998).
This method is rapid and simple, requiring
only a micro-plate reader to determine CSU
pattern. For each bacterial isolate, it yields a
fingerprint pattern, which is saved to a
database and compared with the pattern of
unknown environmental isolates.

Biochemical fingerprinting

Biochemical fingerprinting uses quantitative
measurements of the kinetics of several
biochemical reactions of bacteria in micro-
titer plates with dehydrated substrates
(Kuhn et al. 1995; Mollby, Kihn and
Katouli 1993). It is based on the hypothesis
that bacterial isolates, belonging to the same
clone, share identical metabolic properties,
whereas isolates with different genotypes
have differences in one or more of the
measured metabolic processes, and thus will
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show different activities in the reactions
involved. For each bacterial isolate, it yields
a biochemical fingerprint made of several
quantitative data, which are used to
calculate the level of similarity between the
tested isolates. A reference database is
developed from known host groups to be
compared with unknown environmental
samples (Ahmed, Neller & Katouli 2005b).

Database-independent methods
Database-independent ~ methods  are
generally PCR-based and offer several
advantages over database-dependent
methods. For instance, these methods
circumvent the need for the cultivation of
bacterial isolates and the development of a
reference database. PCR amplification of
16S rDNA from bacteroides has been used
for MST studies (Bernherd & Field 20004, b;
Field, Bernhard & Brode 2003; Bernherd et
al.  2003). Among others, reverse
transcription PCR (RT-PCR) and
quantitative PCR (gPCR) have also been
used to detect viruses such as adenoviruses
and enteroviruses in surface waters (Noble
et al. 2003) which derive from humans and
animals respectively (Jiang 2002; Ley,
Higgins & Fayer 2002; Pina et al. 1998).
Biomarkers, based on enterotoxin genes in
E. coli have also been proposed as an
alternative method (Olson, Khatib & Chern
2002). The advantage of such a method is
that it targets clinically significant strains of
E. coli rather than commensal strains found
in the intestine.

Chemical Methods

Optical brighteners

It has been reported that the laundry
detergent compounds such as optical
brighteners and ethylenediamine tetra
acetic acid (EDTA) have been found in
groundwater (Alhajjar, Harkin & Chesters
1990; Barber et al. 1998; Sargeant 1999).
Optical brighteners can be used as a
potential indicator of grey water discharge
(Sargeant 1999). However, this method is



only suitable for PS identification. In
addition, this method does not indicate
public health risks that may be associated
with failed on-site wastewater treatment
systems.

Caffeine and pharmaceuticals

Caffeine and human pharmaceuticals have
also been used as potential indicators of
contamination of surface and ground waters
by on-site wastewater treatment systems
(Seiler et al. 1999). Caffeine is of
anthropogenic origin and is found in
beverages and many pharmaceutical
products. It has been suggested that the
presence of caffeine in the environment
could indicate the presence of human
sewage (Burkhardt et al. 1999). However,
application of these compounds as
indicators of contamination is limited
because high concentration of these
chemicals must be present in receiving
waters to be detected. It has been reported
that only 3% of ingested caffeine is excreted
in the urine (Tang-Liu, Williams &
Riegelman 1993). A dilution of more than
1:200 would make it difficult to detect
(Sargeant 1999). Pharmaceutical substances
such as pentobarbital, meprobamate, and
phensuximide are used to cure diseases
(Seiler et al. 1999). These substances are
also potential wastewater indicators and
have also been detected in groundwater
(Eckel, Ross & Isensee 1993).

Faecal sterols

Human and animal faeces contain sterols
and stanols (a by product of sterols). The
sterol profiles of human and animal faeces
vary from each other due to different feeding
habitat, gut flora and types of metabolism.
Sterols such as 5R-stanols and coprostanol
are dominant in human faeces and have not
been naturally found in surface waters unless
contaminated by human faeces (Venkatesan
1995). Similarly, animals such as cattle,
sheep and horse faeces are dominated by 24-
ethylcoprostanol, which is different from
human sterol and can be used as biomarkers
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for faecal contamination from these host
groups (Leeming et al. 1996). Leeming et al.
(1996) profiled a range of sterols and stanols
in human and animal faeces and concluded
that sterol/stanols ratios are distinctive
enough to differentiate between human and
animal host groups. This method is
considered a viable alternative to
microbiological indicators of faecal
contamination (Murtaugh & Bunch 1976)
and has been used to identify faecal
contamination in surface waters (Leeming
et al. 1997; Suprihatin et al. 2003).

Tables 1, 2 and 3 summarise the preceding
section and provide a useful ‘first glance’
comparison of the advantages and
disadvantages of these methods.

Ecological Application of
MST Methods

Phenotypic database-dependent
methods

ARA has been widely used in MST studies
(Graves et al. 2002; Hagedorn et al. 1999;
Harwood, Whitlock & Withington 2000;
Parveen et al. 1997; Webster et al. 2004,
Whitlock, Jones & Harwood 2002;
Harwood et al. 2003; Wiggins et al. 1999).
For example, a large enterococci database
(i.e. 7058 isolates) was developed from
human, livestock and wildlife, and used
successfully to identify cattle as the
predominant sources of contamination in a
watershed in Virginia (Hagedorn et al.
1999). Graves et al. (2002) developed an
ARA database comprising 1174 enterococci
isolates from 7 host groups. In all, 2012
isolates were tested from another watershed
in Virginia, of which 50% were identified as
livestock followed by wildlife (40%) and
human (10%).

Geary & Davies (2003) used ARA to
identify the sources of faecal contamination
in a shellfish growing area in NSW,
Australia. In all, 166 enterococci isolates
were tested from 4 host groups. Application
of this database in an ecological study failed
to identify any dominant source. Hagedorn
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et al. (2003) developed a CSU database of
365 enterococci isolates from human (i.e. 105
isolates) and non-human (i.e. 260 isolates)
sources. Ninety unknown enterococci
isolates were collected from three sampling
sites with pre-suspected sources. In this case
the database was able to identify the
suspected sources correctly. However, this
method has not been frequently used in MST
and requires further evaluation. Biochemical
fingerprinting has also recently been used to
provide the evidence of septic system failure
by comparing enterococci and E. coli from
defective septic systems with those found in
creek water samples (Ahmed, Neller &
Katouli 2005a). In addition, this system has
also been used to develop a large database of
enterococci (i.e. 4057) and E. coli (i.e. 3728)
isolates from 10 host groups. The database
was successful in identifying more than 65%
of faecal indicator bacteria in Eudlo Creek,
Southeast, Queensland, Australia (Ahmed,
Neller & Katouli 2005b).

Genotypic database-dependent methods
Scott et al. (2004) used the ribotyping
method and tested 515 E. coli isolates from a
watershed in Southern California. Of these,
88% isolates were identified as animal
sources and the remaining were identified as
human. Simmons et al. (2000) used PFGE
method and tested a collection (i.e. 439) of
E. coli isolates and identified wild animals
and dogs as predominant sources. However,
this method has not been extensively used
in MST studies and requires further
evaluation. Dombek et al. (2000) reported
that rep-PCR fingerprinting of E. coli strains
can be used to differentiate between human
and animals host groups and reported that
100% of the chicken and cow isolates and
83% of the human isolates were assigned to
the correct host groups. Yet another study
used ARA in combination with rep-PCR to
identify the sources of E. faecalis in
Pensacola Beach, Florida and identified
seagulls as the main contributor (Genther et
al. 2005).
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The performance of a combination of ARA,
AFLP and 16S rRNA sequences has been
evaluated to differentiate 319 E. coli isolates
from human and animals. Among all the
methods tested, AFLP performed better
than others did (Guan et al. 2002). Moyda
et al. (2003) evaluated PFGE, rep-PCR and
ribotyping to identify the sources of
contamination in water samples mixed with
faeces from known sources. All methods
were able to identify the dominant sources.
However, the methods also yielded high
false positive rates (i.e. 57%). In another
study, Stoeckel et al. (2004) compared seven
protocols including ARA, CSU, ribotyping
using the restriction enzyme Hindlll
and EcoR1, PFGE, rep-PCR and BOX-PCR.
A low accuracy was obtained for all
methods tested.

Key assumptions of microbial source
tracking methods

As mentioned before, in MST methods, the
clonal population structure of indicator
bacteria is used to categorise microorganisms
on the basis of their genotypic or phenotypic
fingerprint. However, the successful
outcome of MST methods depends on the
following assumptions.

Host specificity

The indicator bacterium should be specific
to the host that contributes faecal
contamination to waterways. However,
certain indicator bacteria appear not to be
quite host-specific as they are found in
multiple host groups. These groups of
indicator bacteria are referred as
cosmopolitan (Whitlock, Jones & Harwood
2002). It has been argued that the lack of
host specificity could be due to insufficient
sampling of indicator bacteria. It has to
be noted though that highly discriminatory
methods such as PFGE also identify
cosmopolitan  isolates.  Cosmopolitan
host distribution is well documented in E.
coli (Hartel et al. 2002; McLellan 2004)
and F+ specific coliphages (Cole, Long &
Sobsey 2003).
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Table 1: Advantages and disadvantages of database-dependent genotypic and phenotypic

methods
Methods Target indicator Advantages Disadvantages
Genotypic methods
PFGE E col 1. Highly discriminatory 1. Requires development of a large reference
Enterococci 2. Highly reproducible database
3. Quantitative 2. Bacterial culture required
4. Discriminate multiple host groups 3. Too sensitive to broadly discriminate source
4. Database temporally and geographically specific
5. Labour-intensive
6. Requires special training
Rep-PCR E coli 1. Rapid 1. Requires development of a reference database
2. Requires modest resources 2. Bacterial culture required
3. Requires less technical expertise 3. Database temporally and geographically specific
4. Quantitative 4. Results may vary in different laboratories due
5. Discriminate isolates from multiple host groups to different protocols
Ribotyping E coli 1. Highly stable 1. Requires development of a large reference
Enterococci 2. Discriminate isolates from multiple host groups database
3. Quantitative 2. Bacterial culture required
4. Can be automated 3. Complex fingerprinting procedure
4. Labour intensive
5. Database temporally and geographical specific
6. Lack of discriminatory power
7. Requires special training
Phenotypic methods
ARA E. coli 1. Rapid 1. Requires development of a reference database
Enterococci 2. Require limited training 2. Bacterial culture required
3. Quantitative 3. Antibiotic resistance carried on plasmids which
4. Discriminate isolates from multiple host groups can be lost or gained during cultivation and
5. Inexpensive storage
6. Quantitative 4. Database temporally and geographically specific
5. Isolates only resistant to antibiotics can be
typed
6. Can yield false-positive.
CSU E. coli 1. Rapid 1. Requires development of a reference database.
Enterococci 2. Require limited training 2. Bacterial culture required
3. High stability 3. Database temporally and geographically specific
4. Quantitative 4. Methods variation
5. Discriminate isolates from multiple host groups
Biochemical fingerprinting E. coli 1. Rapid 1. Requires development of a reference database
Enterococci 2. Semi-automated 2. Target indicator cultivation required
3. Require limited training 3. Database temporally and geographically specific
4. Quantitative 4. Only metabolically active bacteria can be typed
5. Discriminate isolates from multiple host groups

Temporal stability

The indicator bacterium should be stable
within individual host groups over time. E.
coli populations which occur only once at a
single sampling occasion are referred to as
transient  populations, whilst others
occurring multiple times are referred to as
resident populations (Caugant, Levin &
Selander 1981). These resident populations

within host groups should be stable over
time, and if not, then the database needs to
be updated regularly if being utilised in
ecological studies.

Geographical stability

The indicator bacterium should exhibit
geographical stability and therefore a
database developed from one geographical
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Table 2: Advantages and disadvantages of database-independent methods

Methods Target indicator Advantages Disadvantages
Host-specific PCR ~ Bacteroides 1. Rapid 1. Non-quantitative
Bifidobacteria 2. Development of a reference database not 2. May not survive long in natural waters.
Enterococci reqmreﬂ ] 3. Primers currently not available for all relevant
Rhodococeus 3. Bacterial culture not required hosts.
F* coliphage
Adenovirus
Enterovirus
Virus-specific PCR ~ Adenovirus 1. Rapid 1. Non-quantitative
Enterovirus 2. Development of a reference database not 2. Can identify only human sources
reqwreq i o ) 3. Low in number, require s large sample size
3. Target indicator cultivation not required 4, Can he absent when human contamination evident
4. Host specific 5. Concentration and purification of viral nucleic acid

5. High sensitivity

Gene specific PCR £ coli toxin gene 1. Development of a reference database not

required

2. Bacterial culture not required
3. Provide direct evidence that potential harmful

bacteria present

from environmental samples can be difficult.

. Non-quantitative

. Cannot discriminate among multiple host groups

. Identify only human

. Primers currently not available for all relevant
hosts.

~ e

4. Rapid 5. Requires special training
F* RNA coliphage  F* coliphage 1. Development of a reference database not . Non-quantitative
required

2. Discriminate isolates between human and animals

3. High stability

. Can identify only human

. Lack of host specificity

. Concentrations can be low in environmental samples
. Coliphages cultivation required

Gl W N

area is valid for another geographical area.
Geographical variation can limit the
universal application of a database. Little is
known on the geography of faecal indicator
bacteria. Miller & Hartl (1986) tested E.
coli strains from farm animals and humans
and reported that strains are clonal in nature
and not geographically specific. Another
recent study tested 568 E. coli from Idaho
and at three locations in Georgia for four
host groups, reporting that geographical
variation exist among these host groups
(Hartel et al. 2002).

Representativeness
Database representativeness is one of the
most important factors in database

dependent MST studies. This factor (i.e.
how many isolates required to develop a
representative database) has not been
addressed in any study. However, it has to be
noted that, cost and time can limit
this factor. Development of a large
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genotypic reference database could be quite
costly depending on the typing method used
with regards to phenotypic database.
Under-sampling of faecal bacteria can
compromise representativeness of a database
leading to its inability to capture the
temporal or geographical variability, as well
as high diversity of faecal indicator bacteria
(Whitlock, Jones & Harwood 2002; Wiggins
et al. 2003).

Primary versus secondary habitat

Gl tracts of host groups are considered as the
primary habitat for faecal indicator bacteria
while environments are the secondary
habitat. One of the hypotheses in MST is
that the clonal composition of the isolates
from water (i.e. secondary habitat) represents
the clonal composition of the isolates in the
host groups (i.e. primary habitat) responsible
for faecal inputs to the environment.
However, several studies have shown that
distinct differences exist among the primary
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Table 3: Advantages and disadvantages of chemical methods

Chemical methods Advantages

Disadvantages

1. Indicate human contamination
2. Inexpensive
3. simple

Optical brighteners

1. Indicate human contamination

Caffeine/pharmaceuticals

Faecal sterols analysis 1. High sensitivity

2. Can distinguish between human and animal contamination.

1. May not indicate recent contamination

2. Cannot identify non-point sources

3. Does not provide information regarding public
4. health risks

1. Analysis expensive

2. Easily degraded by soil microbes

3. Sensitivity issues

4. Dilution makes it difficult to detect in receiving waters

1. Expensive

2. certain sterols Can be found in plants
3. Easily degraded by soil microbe

4. May not indicate recent contamination
5. Not relevant to human health.

versus secondary habitats of E. coli. Whittam
(1989) tested 113 E. coli electrophoretic
types (by multilocus enzyme electrophoresis
or MLEE) from bird faeces (primary habitat)
and the litter (secondary habitat) on which
they had defecated. Only 10% of the isolates
were found in both the primary and
secondary habitat. Another study using multi
locus electrophoretic enzyme of E. coli from
two septic tanks and their associated residents
showed that E. coli strains from only one
septic tank was similar to those of the
residents. In contrast strains recovered from
the septic tank of the second household were
genetically distinct from strains recovered
from its associated residents. Based on the
differences between the growth rate and
temperature response of these strains they
concluded that changes in the primary and
secondary habitat of the strains could limit
efforts to identify the sources of faecal
pollution in the environment (Gordon,
Bauer & Johnson 2002).

Conclusion
Certain indicator bacteria such as
enterococci and E. coli have been used more
frequently than others, but none of these
indicators are regarded as universal or posses
all the required criteria of an ideal faecal

indicator bacterium. Similarly, while some
MST methods have been used frequently, no
single method is clearly superior to others
and the advantages and disadvantages of
these methods have been discussed in this
paper among others (McLellan 2004; Meays
2004; Scott et al. 2002; Stewart et al. 2003).
Genotypic methods although highly
discriminatory, can be laborious and/or
expensive for ecological studies where a
large number of isolates need to be tested
(Hartel et al. 2002; Kihn et al. 1995). In
contrast, phenotypic methods can be used to
test a large number of isolates within a short
time and are relatively inexpensive.
However, some of them are not highly
discriminatory and lack stability. Therefore,
a combination of different methods, where
applicable, should be used in ecological
studies to obtain confirmatory results. The
performance of the majority of database-
dependent methods reviewed were either
limited by their size, representativeness,
stability and discriminatory power, or that
their suitability as a MST method has not
been completely evaluated in ecological
studies and requires further evaluation. A
recent study has shown that an ARA
database is stable up to 1 year (Wiggins et al.
2003). Another study reported that a large
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representative  metabolic  fingerprint
database could be used to identify sources in
different catchments of the same nature
within the same geographical area. The
challenge remains to identify suitable host
specific microorganisms and to develop
standard methods. Other indicators such as
Citrobacter freundii or Hafnia alvei have also
been suggested as alternatives to current
indicators (Gordon 2001). Database
independent  methods offer  many
advantages over database-dependent
methods, as the development of a reference
database is not required, and have shown
higher accuracy in method comparison
studies (Griffith et al. 2003). These methods
are currently under development and could

be promising for source tracking. However,
these methods have limitations in
discriminating among multiple host groups
such as among animals. Further, they are not
capable of quantifying the level of
contribution from various sources. In this
scenario, database dependent methods are
highly beneficial if the database is
developed by addressing the issues
discussed earlier. The development of new
techniques such as the gPCR or genetic
array that target pathogens in a
contaminated water sample will greatly
enhance the microbial source tracking in
future as they also provide the direct
evidence of the presence of pathogenic
microorganisms in a watershed.
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Occupational Health and Safety: International Influences and
New Epidemics

Chris L. Peterson and Claire Mayhew (Eds)

Baywood Publishing Company, Inc. Amityville, New York, 2005, 243pp. ISBN 0-89503-303-8

For many years the risks to people at work
were mostly related to exposures to
chemical, physical and biological agents
and much has been done to reduce these
risks in many countries, but there is still
much more to be achieved especially in the
‘developing’ countries. Much is known
about these risks and how to control them
and so it is largely a lack of action not a lack
of knowledge and resources that obstructs
more preventive activity. This text covers a
range of newer occupational health and
safety risks that are emerging in the
industrialised countries across the world as
the labour market and the organisation of
work change in modern society. The book
identifies and discusses a range of ‘new’
epidemics, which were not known a few
decades ago and that are still not generally
appreciated. The book makes an important
point in identifying the lack of formal
recognition of many cases of injury and
disease which remain unrecorded in official
databases. The chapters have been written
in such a way as to discuss the risk factors
surrounding each of the ‘new’ epidemics
and from the information in the chapters
the editors conclude that a new approach is
needed to deal with these epidemics.

The introductory chapter provides an
excellent overview of the inter-relationship
between globalisation and international-
isation and occupational health and safety,
in the context of the recent rapid growth of
international trade. Chapter 2 further
explores international issues, such as
deregulation of working conditions and the
diminution of the influence of unions, that

have resulted in the complex situation at
work providing the grounds for the
development of the new epidemics. In
chapter 3, the important emerging issue of
occupational violence is covered where the
author discusses the different scenarios that
constitute occupational violence. These
include overt aggression and also the more
devious and covert forms of behaviour that
constitute violence or bullying in the
workplace.

Precarious employment or contingent
employment is the subject of chapter 4. The
increase in less secure or more flexible types
of employment over recent years has been
well documented. This chapter discusses
the ability of preventive occupational
health and safety strategies and workers’
compensation/rehabilitation processes to be
effective in these circumstances. Chapter 5
brings attention to the diseases that have a
long latency period and gives a socio-
historical approach as to why these
epidemics are continuing. Of particular
concern is the continued exposure in
developing countries to hazards that are
reasonably well controlled in many
industrialised countries. Four case studies of
epidemics are provided to illustrate the
issues. Adolescent and child labour is the
subject of chapter 6. Evidence is provided
to indicate that young people working in
family or small businesses are at higher risk
and that often the records for illness and
injury in this type of working environment
are poorly recorded. Chapter 7 deals with
the pervasive issue of stress as part of
occupational health and safety
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considerations. The author mentions the
move away from the biomedical and
psychological approaches to the more
workplace  management/organisational
approach. There is an interesting section
on electronic monitoring as a form of stress.
Some ‘best-practice’ approaches to stress
management are provided.

Pain and prolonged standing are the
subject of chapter 8. The authors of this
chapter present a case for the silent pain
from prolonged standing being partly
responsible for musculoskeletal injuries, as
well as potentially linked to a future
epidemic of cardiovascular problems. Some
of the problems posed by standing for long
periods could be alleviated by applying the
same principles used in the ergonomic
design of workstations. Chapter 9 focuses
on the potential social injury resulting from
return-to-work programs where workers
might be subjected to abuse. This is a form
of injury resulting from occupational health
and safety policy and practice concerned
with managing the return-to work phase
after a period away from work recovering
from an injury or disease. The next chapter
is concerned with the threat to the viability
of rehabilitation programs because of the
increasing costs and times taken for
workers to return to work. The author
discusses the situation in Australia where
the compensation and rehabilitation
process has shifted from employers to
external professionals where there is a
tendency for costs to escalate. The steps to
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be taken before the epidemic strikes are
discussed in chapter 11. Scenarios are
analysed where baseline empirical studies
could be wuseful in preventing new
epidemics emerging. Some guidance is
provided on how to go about conducting
the necessary research when first cases
emerge. The final chapter is a summary of
the approaches discussed in the book to
identify the new epidemics. Three different
approaches are needed to appreciate the
background to the identification of an
epidemic and its subsequent acceptance.

Overall, the book is a very useful and
interesting contribution to the
understanding of the recent issues in
occupational health and safety, particularly
those  associated  with  increasing
internationalisation and the emergence of
an increasing global economy. It is clear
that more effort needs to be devoted to
understanding the identification of the new
epidemics, their evaluation, and the
potential strategies for their prevention.
The book is recommended for those with
an interest in, or responsibilities for,
managing current and  emerging
occupational health and safety issues
associated with the organisation of work
and the labour process.

Jeffery T. Spickett

Curtin University of Technology
Perth, Western Australia

Email: j.spickett@curtin.edu.au
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Environmental Health: From Global to Local

Howard Frumkin (Ed.)
Jossey-Bass, San Francisco, 2005, 1108 pp. ISBN 0-7879-7383-1, $115.95

Over the last few years a number of general,
introductory  environmental health
textbooks have been released. Some of these
have been reviewed in this Journal (cf vol. 2,
no. 1, pp. 86-7; vol. 3. no. 2, p. 104; and vol.
4, no. 1, p. 97. Environmental Health: From
Global to Local is the latest addition to this
collection. With such a range of textbooks
now available, it does make it difficult to
select one text over another. However, if size
is anything to go by, at 1108 pages, this
latest text is more than twice the length of
the previous texts reviewed.

As indicated by the length of the text,
Environmental Health: From Global to Local
provides an extremely comprehensive
overview on the broad field of
environmental health. To help present
such a large range of information in a
cohesive manner, the text uses the concept
of spatial scales as the framework on which
to base the structure of the book. After
introducing the methods and paradigms of
environmental health in Part 1 (chapters 1
to 9), specific issues are then addressed in
the remaining Parts, starting with global
issues (chapters 10 to 13), then regional
issues (chapters 14 to 18), and then local
issues (chapters 19 to 28). The final Part of
the text describes the practice of
environmental health (chapters 29 to 36).

In regard to content, the text provides a
comprehensive coverage of the standard
environmental health issues, for example,
air pollution, energy, water, waste, and food
safety. Not only standard environmental
health methods and tools, for example,
toxicology, epidemiology, exposure
assessment, risk assessment, and risk
communication, are covered, but also a

number of novel and interesting chapters on
topics, such as environmental psychology,
genetics and environmental health,
environmental health ethics, environ-
mental justice, religious approaches to
environmental health, population pressure,
and war.

Two of the sections that are particularly
interesting are the introduction, which
provides an excellent summary of what
environmental health is, a history of
environmental health, emerging issues, and
the forces that drive environmental health,
and the chapter on prevention. Initially, |
was a little puzzled about why this chapter
would be included, but I found that it
nicely consolidated a range of fundamental
concepts and provided an excellent
discussion on how we should manage
environmental health issues by using the
precautionary principle as the basis on
which we should act.

Often there is inconsistency within texts
like this that cover a broad range of topics
and include contributions by a number of
different authors (57 contributors were
used for this text). However, this text is
surprisingly consistent throughout and this
reflects a very high editorial standard. If |
was to find fault, it would be that the page
layout and design can sometimes make it
difficult to follow the main text due to the
way in which the explanatory boxes are
placed, and often flow on to the following
page/s. The text is also somewhat focused
on American issues, legislation and
management. However, when considering
the total package that the text represents,
these are relatively minor quibbles.
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Overall, Environmental Health: From
Global to Local is an exceptional text that
provides a comprehensive and up-to-date
analysis of the global to local
environmental health issues we face, and it
provides practitioners with best-practice
advice on how to manage these issues.
With all the chapters written by the
leading authorities in their fields and the
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topics elegantly woven together, this text is
sure to be a pre-eminent reference text for
many years to come. | would therefore
recommend it to all environmental health

practitioners and students.
Thomas Tenkate

School of Public Health
Queensland University of Technology
Email: t.tenkate@qut.edu.au
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