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Hazelwood Coalmine Fire Health Effects Report 

Plain Language Summary 

The Hazelwood Coal mine fire has the potential for long and short term adverse 
health effects principally due to the release of known air pollutants including CO, 
ozone, and particulate matter. Components of Particulate Matter include fine particles 
<2.5 micron diameter (PM2.s) and coarse particles <10 micron diameter (PM10), 
which exert different effects due to differences in chemical composition and site of 
deposition in the respiratory tract. 

The major health effects associated with exposure to these pollutants are summarized 
in the Summary Table below. 

Unborn chi ldren, children, asthmatics and diabetics and those with chronic cardio
respiratory disease are at increased risk of adverse health consequences, as are 
exposed firefighters and exposed outdoor workers. Smoke from a fire can also have 
adverse psychological and psychiatric health effects. 

Future research should determine the short and long term health consequences 
(morbidity, mortality and health services use) arising from exposure to the smoke 
from the fire, and include a focus on improving the physical and mental health of 
individuals and the community. 



Summary; Major Health Effects Associated with Exposure to Key Pollutants 

Agent Exl}()Sure Group af't"ected Predominant Health Effects 
(Short or Long) _S_b_o_rt- te_r_m ______________ L_on-g- te_r_m ___________ _ 

co Short /high dose Unborn 

Intensity/ 
duration 

Ozone Intensity 
dependent 

PM2.5 Intensity 
dependent 

PMIO Intensity 
dependent 

Firefighters 

Children 

Adults 

Chronic cardio-respiratory 
illness 
Unborn 

Children 

Adults 

Chronic cardio-respiratory 
illness 
Unborn 

Children 

Adults 
Chronic cardio-respiratory 
illness 

Fetal death 

Death, neurological sequelae 

Respiratory symptoms, new astluna, worse 
astluna 
Respiratory symptoms, new astluua, worse 
astluna 
Worse asthma, cardio-respiratory morbidity 
and mortality 
SFD, LBW, Premat11re birth 

Respiratory symptoms, ne"v asthma , worse 
astluna 
Cardio-respiratory morbidity and mortality, 
Diabetes 

SmaJI for dates 

? 

Cardio-respiratory morbidity and mortal ity 
Cardio-respiratory morbidity and mortality 

Health Effects also inc ludes a variety of psychological and me ntal health effects 
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Low birth weight Premature birth. small for 
dates 
Neurological and cardiac sequelae 

Respiratory symptoms, new asthma, worse 
astluna 
Respiratory symptoms, new asthma, worse 
asthma 
Worse asthma, cardio-respiratory morbidity 
and mortality 
Lung growth retardation 

Respiratory symptoms, new astluna, worse 
asthma 
Cardio-respiratory morbidity and mortali ty, 
lung cancer 
Cardio-respiratory morbidity and mortality, 
hmg cancer 
? 

? 

? 
? 
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Hazelwood Coalmine Fire Health Effects Report 

llntroduction 

Hazelwood Powe•· Station is a base-load power station built between 1964 and 
1971, which relies on deposits from the adjacent open cut brown coal mine. Brown 
coal from the Latrobe Valley has a high moisture content and contains low levels of 
ash(< 4%), sulphur(< 1 %) and nitrogen (<l %). Discrete minerals and heavy metals 
are present in minute concentrations. Latrobe Valley brown coal also differs from 
black coal which has high concentrations of discrete minerals and heavy metals and 
sulphur. 

2 Exposure 

2 In a 2007-2008 report the National Pollutant Inventory rated the Hazelwood 
power stations release of particulate matter (PM2.s) as low, oxides of nitrogen as 
medium, polychlorinated dioxins and furans as high and hydrochloric acid as high, 
and boron compounds as low (1). 

3 A published analysis of brown coal fly ash particles produced from combustion 
in a Latrobe valley power station revealed five groups of elemental composition, they 
are Si-rich particles; Ca-rich particles; Fe-rich particles; particles with Mg-Ca Matrix 
and particles with Si-Ca matrix. Some environmental sensitive elements such as Zn, 
Pb, Ni, K and Cu are enriched in fine fly ash particles (2). 

4 A report on meteorology and air pollution in the Latrobe Valley published 
inl985 describes the presence ofS02, N0 2, Ozone, Carbon Monoxide (CO), and 
particulate pollutants in the atmosphere arising from coal mining and power 
generation activity. The effect of different types of plume behaviour arising from the 
smoke stacks of the coal mine are described in relation to meteorological phenomena, 
including inversion layers, wind speed and direction and the height above ground that 
pollutants are released into the atmosphere (3). Another early paper describes surface 
ozone levels in the Latrobe Valley The authors ascribe the formation of ozone to 
photochemical smog processes, which are affected by the temperature, time of day, 
wind speed and season (4). 

5 Coal mine fires are an increasing problem worldwide. Coal seam fires can be 
divided into near-surface fires, in which seams extend to the surface and the oxygen 
required for their ignition comes from the atmosphere, and fires in deep underground 
mines, where the oxygen comes from the ventilation. Coal combustion in a coal mine 
fire does not allow for the filtration of particulates or other chemical components. 
There are no reported studies of the health impact of such fires that are specifically 
devoted to brown coal fires (5). 

6 The nature of the exposure to air-borne pollutants arising from the Hazelwood 
open-cut coal mine fire was of a high level. This was over and above the normal 
background exposure in the Latrobe Valley. This period of increased exposure 
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commenced on 9 Februal)' and lasted at least until 10 March, when the fire was 
officially declared to be under control. Certain parts of the community were affected 
to a greater degree than other parts of the community during this period of high-level 
exposure. 

7 The constituents of air pollution relevant to the open cut coal mine fire at 
Hazelwood in Februai)'-March 20 14 include: CO, Particulates, Ozone, N02, and S02. 

8 Specific pollutants pertaining to the emissions arising from the Hazelwood 
power station are regularly monitored and reported by the EPA (6), and national 
ambient air quality standards are established for emissions relevant to the Hazelwood 
coal mine fire (7). There are also national environment protection measures for air 
toxics. The five priority air toxics include: Benzene, formaldehyde, toluene, xylene 
and polycyclic aromatic hydrocarbons (P AH) (8,9). Levels of polycyclic aromatic 
hydrocarbons are included within the group of chemicals known as Volatile Organic 
Compounds (VOC's). These are not regularly monitored (10). 

3 Susceptibility 

9 Those persons susceptible to coal mine fire airborne pollutants include exposed 
firefighters and outdoor workers, and members of the community, particularly those 
vulnerable members of the community with chronic cardio-respiratol)' disease, 
children and unborn children. 

10 The nature of the dose and duration of exposure to indi viduals arising from the 
combustion products of a coal mine fire is dependent upon: 
• Fuel load (Size of the fire) 
• Effects of heat on combustion 
• Wind direction and speed 
• Time of day 
• Ambient temperature 
• Nature of the plume from the point source 
• Creation of photochemical smog 
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Health effects that may be caused by exposure to smoke from a brown 
coal fire, identifying the substance in the smoke that causes each effect 

4 Specific Components 

4.1 Carbon Monoxide (CO) 

11 CO is an odour less tasteless colourless gas. It is produced as a result of 
incomplete combustion of coal. It is a known environmental hazard in coal mines and 
coal-fired power plants, particularly in poorly ventilated closed spaces. It is usually 
rapidly dispersed in open environments with circulating air. It contributes to the 
formation of ozone in photochemical smog, however. 

12 The effect of CO exposure is greatest for coal miners and fire fighters, but also 
potentially for those members of the community who may be exposed to high levels 
in the acute phase of the fire. 

13 Health adverse effects of CO exposure relate to its ability to enter the 
bloodstream and bind circulating Hemoglobin within red blood cells with a greater 
affinity than oxygen, thereby displacing bound oxygen and reducing the delivery of 
oxygen to working tissues, the heart and the brain. 

14 At low levels of exposure no health effects may be experienced but rising levels 
can cause symptoms consistent with oxygen deprivation. These effects are reversible 
at low levels of exposure, and are preventable by wearing an appropriate respirator. 
The treatment includes recognition of the effect, removal from continuing exposure 
and the administration of oxygen, potentially including hyperbaric oxygen. 

15 The greatest risk to the exposed firefighter arises when the person does not 
suspect exposure and therefore enters an area of high concentration without knowing 
it and wi th out the ability to detect it.. A similar logic will apply to members of the 
public exposed to high ambient levels of CO arising from coal mine fire smoke 
exposure, including particularly those who are vulnerable groups such as those with 
chronic cardiorespiratory disease, children by virtue of higher metabolic rate and 
unborn children. 

4.1.i Acute poisoning 

16 The main manifestations of carbon monoxide poisoning develop in the organ 
systems most dependent on oxygen use, the CNS and the heart. The initial symptoms 
of acute carbon monoxide poisoning include headache, nausea, malaise and fatigue. 
Headache is the most common symptom of acute carbon monoxide poisoning; it is 
often described as dull, frontal, and continuous. 
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17 Increasing exposure produces cardiac and neurologicaJ abnormalities. There is 
evidence of long term heart muscle damage and increased long term mortality in 
association with heart muscle damage in survivors of acute CO poisoning (11 ). One 
of the major concerns following acute carbon monoxide poisoning is the severe 
delayed neurological manifestations that may occur. Problems may include difficulty 
with higher intellectual functions, short term memory loss, impaired cognition, speech 
and gait disturbances, Parkinsons' li ke syndromes, mood disturbance, depression and 
corticaJ blindness. These delayed neurological sequelae may occur in up to 50% of 
poisoned people after 2 to 40 days (12). Carbon monoxide poisoning in pregnant 
women may aJso cause severe adverse effects on the fetus as a result offetaJ hypoxia 
(13). While severe CO poisoning poses serious short- and long-term fetal risk, mild 
accidental exposure is likely to result in normal fetal outcome (14). 

The acute effects produced by ca1·bon monoxide in •·elation to ambient 
concenn·ation in pm·ts pe1· million a1·e listed below (15): 

Concentration 
35 ppm 
(0.0035%) 
100 ppm (0.01 %) 

200 ppm (0.02%) 

400 ppm (0.04%) 

800 ppm (0.08%) 

1,600 ppm 
(0.16%) 
3,200 ppm 
(0.32%) 

Symptoms 
Headache and dizziness within six to eight hours of constant 
exposure 
Slight headache within two to three hours of exposure 
Slight headache within two to three hours of exposure; loss of 
judgment 
Frontal headache within one to two hours of exposure 
Dizziness, nausea, and convulsions within 45 minutes of 
exposure; insensible ·wi thin 2 hours 
Headache, tachycardia, dizziness, and nausea within 20 minutes 
of exposure; death in less than 2 hours of exposure 
Headache, dizziness and nausea within five to ten minutes of 
exposure. Death within 30 minutes of exposure. 

6,400 ppm 
(0.64%) 
12,800 ppm 
(1.28%) 

Headache and dizziness in one to two minutes of exposure. 
Convulsions, respiratory arrest, and death in less than 20 minutes. 
Unconsciousness after 2- 3 breaths. Death in less than three 
minutes of exposure. 

Recommended World Health Organisation (WHO) Air Quality guidelines for 
Carbon Monoxide (Europe 2000) (16). 

18 The following guideline values (ppm values rounded) and periods of time-
weighted average exposures have been determined in such a way that the 
carboxyhaemoglobin (COHb) level of 2.s% is not exceeded, even when a normal 
subject engages in light or moderate exercise: 

l . 100 mg/m3 (87 ppm) for 15 min 
2. 60 mg/m3 (52 ppm) for 30 min 
3. 30 mg/m3 (26 ppm) for l h 

4. I 0 mg/m3 (9 ppm) for 8 
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4.2 Ozone 

19 Ozone (03) is formed from 0 2 by the action of UV light and also atmospheric 
electrical discharges. Ozone's odor is sharp, reminiscent of chlorine, and detectable 
by many people at concentrations of as little as 10 ppb in air. It is much less stable 
than 0 2, decaying to ordinary diatomic oxygen. It has a varying length half-life 
(meaning half as concentrated, or half-depleted), depending upon atmospheric 
conditions (temperature, humidity, and air movement). 

20 Ozone is a powerfol oxidant, far stronger than 0 2. This high oxidizing potential, 
however, causes ozone to damage mucus and respiratory tissues in animals above 
concentrations of about 100 ppb. This makes ozone a potent respiratOJy hazard and 
pollutant near ground level. Exposure of 0. 1 to 1 tJ.mol!mol produces headaches, 
burning eyes and irritation to the respiratory passages 

21 Low level ozone (or tropospheric ozone) is an atmospheric pollutant formed by 
the reaction of sunlight on air containing hydrocarbons and nitrogen dioxide that 
react with 0 2 to form ozone directly at the source of the pollution or many kilometers 
down wind. The ozone at ground level is primarily derived ji·om fossil fi4el. Ozone 
production rises during heat waves. 

22 People with lung disease, children, older adults, and people who are active 
outdoors may be particularly sensitive to ozone. Children are at greatest risk from 
exposure to ozone because their lungs are still developing and they are more likely to 
be acti ve outdoors when ozone levels are high, which increases their exposure. 
Children are also more likely than adul ts to have asthma. 

23 The current one-hour and four-hour standard levels for ozone according to the 
EPA Victoria are: 0.10 ppm (parts per million) and 0.08 ppm, respectively. The one
hour and four-hour ozone standards should not be exceeded on more than one day per 
year. 

24 The current WHO guideline for Ozone exposure is 100 f..lg/m3 8-hour mean 

25 The rationale fo r this is that as ozone concentrations increase above the 
guideline value, health effects at the population level become increasingly numerous 
and severe. Such effects can occur in places where concentrations are currently high 
due to human activities or are elevated during episodes of very hot weather (17). 

4.2.i Short t erm exposure effects 

26 Studies usually report short term effects occurring within days of daily 
maximum 8 hour mean exposures, but sometimes maximum daily l hour exposure 
levels. 
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27 The recently published Review of Evidence on Health Aspects of Air Pollution-
REVIHAAP Project. (WHO Regional Office for Europe 2013) updates the evidence 
base since the previously published review in 2005, which had found support only for 
short-term effects of ozone on mortality and respiratory morbidity. The evidence for a 
threshold for short term exposure is not consistent, but where a threshold is observed, 
it is likely to lie below 45 ppb (90 ~g/m3) (maximum 1- hour) (18, 19 ,20). 

28 Previous studies had shown that short-term exposure to ozone impairs 
pulmonary function: 

• People with asthma and allergic rhinitis are somewhat more susceptible to 
transient alterations in respiratory function due to acute exposure to ozone. 

• Changes in pulmonary function are an immediate consequences of ozone 
exposure. 

• Ozone enhances airway responsiveness in both healthy individuals and 
asthmatics. 

29 There is solid evidence that ozone acutely increases morbidity. School 
absenteeism, hospital admissions or emergency department visits for asthma, 
respiratory tract infections and exacerbation of chronic airway diseases were the most 
common health end-points. Studies of mortality showed an increase in mortality due 
to respiratory disease in the elderly, predominantly from respiratory causes. 

30 There is new evidence from short term exposure studies for ozone exposure to 
be related to increased all cause, cardiorespiratory and respiratory mortality, as well 
as hospital admissions for respiratory and cardiorespiratory problems. This effect was 
particularly seen in summer. 

31 Comment: monitoring of ozone levels at air quality monitoring stations may 
well underestimate the exposures of individuals at particular locations in close 
proximity to intense exposure to smoke arising from the fire source whether in the 
immediate vicinity or in the plume arising from such a fire. 

32 There is strong evidence of a short-term association between ozone exposure 
and mortality, with larger effects for cardiovascular and respiratory mortality, the 
elderly, and current-day ozone exposure. In a meta-analysis, a 10-ppb increase in 
daily ozone at single-day or 2-day average of lags 0, 1, or 2 days was associated with 
an 0.87% increase in total mortality (95% posterior interval= 0.55% to 1.18%) (21). 

33 In Europe, adverse effects of short-term exposure to daily concentrations of 
ozone (maximum 1-hour or 8-hr mean) on all-cause, cardiovascular and respiratory 
mortality have been reported. Adverse effects of exposure to daily ozone 
concentrations on both respiratory and cardiovascular hospital admissions, after 
adjustment for the effects of particles (PM10), have also been reported. 

34 The following table summarizes the findings for European cities [Tom the 
APHENA study for the relationship between short term ozone exposure and all-cause 
and cause-specific mortality and cardiovascular and respiratory admissions (1 9, 22). 
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35 In Europe, positive associations were observed in the all-year analyses for 1-
hour ozone exposure and all-cause mortality , cardiovascular and respiratory mortality 
- associations that persist after adjustment for PM (PMw). Estimates of all effects had 
lower CI above zero, with the exception of respiratory mortality. For hospital 
admissions, positive associations ''"ere observed between 1-hour ozone and 
respiratory and cardiovascular disease after adjustment for PM10 only. 

Table. Associations between sbot·t-term exposure to ozone and Mm·tality and 
hospital admissions in Em·opean cities in the APHENA study 
Outcome Per cent increase in deaths/admissions (95% CI) 

per 10 ~m3 increment in daily ma'\imum 
1-hour ozone concentrations 

All-cause mortality a 
Cardiovascular mortality: 75 
years and older a 
Cardiovascular mortality: 
younger than 75 years a 
Respiratory mortality b 
Cardiac admissions: older than 65 
years 
Respiratory admissions: older 
than 65 years 

Single pollutant Adjusted for PM10 
0.18 (0.07-0.30) 0.21 (0.10-0.31) 
0.22 (0.00-0.45) 0.21 (-0.01- 0.43) 

0.35 (0. 12-0.58) 

0.19 (-0.06-0.45) 
-0.10 (-0.46- 0.27) 

0.19 (-0.28-0.67) 

0.36 (0.10-0.62) 

0.21 (-0.08-0.50) 
0.64 (0.36-0.91) 

0.32 (0.05-0.60) 
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4.2.ii Long term exposure effect s 

36 Long term exposure effects are frequently reported in relation to six month 
summer averages of daily maximum one hour concentrations (23). 

37 Previous studies had shown an inverse relationship between chronic ozone 
exposure and small airway lung function growth rates. There is evidence for an effect 
of long-term exposure to ozone on respiratory and cardiorespiratory mortality, which 
for the latter is less conclusive. Also, there is some evidence from other cohorts for an 
effect on mortality among persons with potentially predisposing conditions (chronic 
obstructive pulmonary disease, diabetes, congestive heart failure, and myocardial 
infarction). Additionally, several new follow-up long-term exposure studies have 
reported adverse effects on asthma incidence, asthma severity, hospital care for 
asthma and lung function growth. 

38 Thus there is evidence that long term exposure to ozone has an effect on: 
respiratory and cardiorespiratory mortality, asthma incidence and severity, hospital 
admissions for respiratory and cardiorespiratory illness. In particular, new studies 
demonstrate a relationship between long term ozone exposure and new onset asthma 
in children and increased respiratory symptoms in those persons with pre-existing 
asthma. 

39 In summary new studies since 2005 demonstrate: 
• effect on impaired lung function growth in non-asthmatic children 
• increased numbers of first admissions to hospital in children with high ozone 

exposure 
• increased levels oflgE (ie increasing the propensity to an allergic diathesis) 
• worse conlTol of asthma in adults 
• increase in pre tenn birth associated with ozone exposure 
• poor lung gTowth and worsening asthma symptoms in children with high ozone 

exposures 
• evidence of cognitive decline in adults related to high exposure 
• impaired prenatal development 
• effect on sperm count and motility in humans 
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4.3 Particulates 

40 "Particulate matter," also known as particle pollution or PM, is a complex 
mixture of extremely small particles and liquid droplets. Particle pollution is made up 
of a number of components, including acids (such as nitrates and su(fates), organic 
chemicals, metals, and soil or dust particles. 

41 PM can either be directly emitted into the air (primary PM) or be formed 
secondarily in the atmosphere from gaseous precursors (mainly sulfor dioxide, 
nitrogen oxides, ammonia and non-methane volatile organic compounds). Primary 
PM (and also the precursor gases) can have anthropogenic and nonanthropogenic 
sources (for primary PM, both biogenic and geogenic sources may contribute to PM 
levels). 

42 Particle pollution is grouped into two categories: 
1. PMiolnhalable coarse particles, such as those found near roadways and dusty 

industries, which are larger than 2. 5 microns and smaller than 10 microns in 
diameter. 

2. PM2.5 Inhalable fine particles, such as those found in smoke and haze, are 2. 5 
microns in diameter and smaller. These particles can be directly emitted from 
sources such as coal mine or forest fires, or they can form when gases emitted 
fi·om power plants, industries and automobiles react in the air. 

43 The most important chemical constituents of PM are sulfate, nitrate, 
ammonium, other inorganic ions (such as Na +, K +, Ca2+, Mg2+ and Cl-) , organic 
and elemental carbon, crustal material, particle-bound water and heavy metals. The 
larger particles (with the diameter between 2.5 and 10 pglm3, i.e. the coarse fraction 
of PM1o) usually contain crustal materials and fugitive dustfi·om roads and industry. 

44 The size of particles is directly linked to their potential for causing health 
problems. Once inhaled, these particles can affect the heart and lungs and cause 
serious health effects. Exposure to PM in ambient air has been linked to a number of 
different health outcomes, ranging from modest transient changes in the respiratory 
tract and impaired pulmonary function, through increased risk of symptoms requiring 
emergency room or hospital treatment, to increased risk of death from cardiovascular 
and respiratory diseases or lung cancer. This evidence stems from studies of both 
acute and chronic exposure. Toxicological evidence supports the observations from 
epidemiological studies (24). 

45 Comment: there is no evidence from reported studies to distinguish the 
composition of particulate matter produced by complete combustion in a brown coal 
power station furnace from that produced by incomplete combustion in a coalrnine 
fire or produced fTOm a bushfire. 
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4.3.i. PM to vs PMz.s What is t he difference? 

Coa•·se particles (PMIO) 
46 Inhalable particles less than 10 micrometers (f..Ull) in diameter used as a nominal 

surrogate for particles between 2.5 and lOf..Ull in diameter; found near roadways and 
dusty industries. 

Fine particles (PMz.s) 
47 Inhalable particles less than 2.5f..U11 in diameter; generally found in smoke and 

haze, emitted from natural sources like forest fires and industrial combustion sources, 
or formed when gases react in the air. 

48 Inhalable particles, particularly fine particles, have the greatest demonstrated 
impact on human health. Their small size allows them to get deep into the lungs and 
from there they can reach or trigger inflammation in the lung, blood vessels or the 
heart, and perhaps other organs. Studies have linked PM exposure to health problems 
(24). 

49 The current standards for particulates according to the EPA Victoria are (25): 
3 3 

PM2.5: 8 ~g/m annual mean and 25 ~g/m 24-hour mean 
3 

PM10: 50 ~g!m 24-hour mean 
The standard for PM10 should not be exceeded on more than five days. 

50 The current WHO exposure guidelines for particulates are (26): 

PMz.s: l 0 ~g/m3 annual mean 25 ~g/m3 24-hour mean 

PM10: 20 ~g/m3 annual mean 50 ~g/m3 24-hour mean 

51 The ra6onale fo r this is: at present, most routine air quality monitoring systems 
generate data based on the measurement of PM10 as opposed to other particulate 
matter sizes. Consequently, the majority of epidemiological studies use PM 10 as the 
exposure indicator. Although PM10 is the more widely reported measure, and also 
the indicator of relevance to the majority of the epidemiological data, for reasons that 
are discussed below, the WHO Air Quality Guidelines for PM are based on studies 
that use PMz.s as an indicator. The PMz.s guideline values are converted to the 
corresponding PM10 guideline values by application of a PM2.s I PM10 ratio of 0.5. 
Based on known health effects, both short-term (24-hour) and long-term (annual 
mean) guidelines are needed for both indicators of PM pollution. 

52 Recent WHO evaluations point to the health significance of PMz.s (26,27). In 
particular, the effects of long term PM exposure on mortality (life expectancy) seem 
to be attributable to PM2.s rather than to coarser particles. The latter, with a diameter 
of2.5-10 f..U11 (PM2.s-10), may have more visible impacts on respiratory morbidity. 
The primary, carbon-centred, combustion- deri ved particles have been found to have 
considerable inflammatory potency. Nitrates, sulfates and chlorides belong to 
components of PM showing lower toxic potency. 
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53 Health effects are observed at all levels of exposure, indicating that within any 
large population there is a wide range of susceptibility and that some people are at 
risk even at the lowest end of the observed concentration range. 

54 People w ith pre-existing heart and lung disease, asthmatics, socially 
disadvantaged people, children and the unborn child belong to the more vulnerable 
groups. The other groups who potentially will also be at increased risk including 
current smokers and othenvise heal thy people undertaking vigorous outdoor exercise 

55 Coarse particles are an independent entity disti nct from fine and ultrafine particles. 
Epidemiological and toxicological studies have shown PM mass (PM2.5 and PMto) 
comprises fractions with varying types and degrees of health effects, suggesting a role for 
both the chemical composition (such as transition metals and combustion-derived primary 
and secondary organic particles) and physical properties (size, particle number and 
surface area) (19). 

56 Short-term exposures to coarse particles (PM10) are associated with adverse 
respiratory and cardiovascular effects on health, including premature mortality. Data from 
clinical studies are scarce; toxicological studies report that coarse particles can be as toxic 
as PM2.s on a mass basis. The difference in risk between coarse and fine PM can, at least 
partially, be explained by differences in intake and different biological mechanisms. 

57 Sufficient evidence exists for proposing a short-term standard for PMto, to protect 
against the short-term health effects of coarse particles, in addition to fine particles. There 
is very limited evidence of long-term health effects of coarse particles available to date. 
No systematic assessment of studies on long-term health effects of PM to in Europe is 
available. Overall, the ability to separate long-term health effects ofPM10 from other 
pollutants, such as N02or PM2.s, was limited and the evidence mixed. 

58 Epidemiological studies show further evidence that long-term (years) exposure to 
PM2.s is associated with both mortality and morbidity. The prevalence of diabetes is 
directly related to PM2.s levels of exposure (28). The evidence base is weaker for PMl 0, 
although there is evidence from ecological studies that diabetics are twice as likely as 
non-diabetics to have a cardiovascular admission to hospital for a given level of PM10 
exposure (29). Hardly any long-term studies are available for coarse particles. 

59 The latest systematic review by Brunekreef & Forsberg (2005) made the scientific 
community aware again of the potential health risks associated ·with coarse particles. The 
review concluded that coarse PM has at least as strong short-term effects on respiratory 
health as PM2.s; also, for cardiovascular effects, some supportive evidence w as found 
(30). 

60 The EPA integrated science assessment for PM concluded that, in general, short-
term epidemiological studies reported positive associations between mortality and 
cardiovascular and respiratory hospital admissions (EPA, 2009) (31 ). For cardiovascular 
outcomes (admissions and physiological effects), effect estimates of coarse PM were 
found to be comparable to those ofPM2.s. On the other hand, it was noted that no 
associations of coarse PM on lower respiratory symptoms, wheeze, or medication use 
were reported. 
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61 The EPA noted in the 2009 integrated science assessment that the composition of 
coarse PM can vary considerably, but that there is limited evidence on the effects of the 
various biological and chemical components of coarse PM. Practically no studies 
compare the effects on health of coarse PM from different sources. 

4.3.ii. Short term exposure effects of PM2.s 

62 Short-term exposure effects are reported as the relationship between short term 
exposure measured as a 24 hour average over 2 days of monitoring with the outcome 
measured within days of the exposure. 

63 Atkinson et al (32) reported a systematic review and meta analysis of 110 
studies examining the relationship between short term exposure to PM2.s and health 
outcomes including mortality and hospital admissions . They found evidence for 
adverse health effects of short-term exposure to PM2.s across a range of important 
health outcomes, diseases and age groups. They found that for all-cause mortality, a 
10 11g/m3 increase in the level ofPM2.5 exposure was associated with a 1.04% (95% 
CI 0.52% to 1.56%) increase in the risk of death. (le, as the ambient air level 
concentration ofPM2s increases by 10 j..Lg/m3 there is a 1.04% increase in mortality). 
Associations for respiratory causes of death were larger than for cardiovascular 
causes, 1.51% (1.01% to 2.01 %) vs 0.84% (0.41% to 1.28%). Associations between 
PM2.s exposure and death from ischaemic heart disease, stroke and COPD were 
3.36% (0.68%, 6.10%), 1.85% (0.74%, 2.97%) and 2.86% (-0.12%, 5.93%) per 10 
11g/m3 increase, respectively. PM2.s concentrations were positively associated with 
increased risk of admission for cardiovascular diseases, 0. 90% (95% CI 0.26% to 
1.53%) and respiratory diseases, 0.96% (95% CI - 0.63% to 2s8%) per 10 j..tg/m3, 

respectively. 

64 Kloog et al, found that PM2s exposure was associated with hospital admissions 
for all respiratory, cardiovascular disease, stroke, ischemic heart disease and chronic 
obstructive pulmonary disease admissions. For every 10 11g/m3 increase in short-term 
PM2.s there was a 2.2% increase in respiratory diseases admissions (95% CI = 1.9 to 
2.6), and a 0.78% increase in cardiovascular disease (CVD) admission rate (95% CI = 
0.5 to 1. 0) (33). 

65 There is strong evidence that links short term exposure (daily average levels) 
and mortality and morbidity, with effects not just due to exacerbation but also due to 
progression of underlying disease. A systematic review of time series analyses has 
shown that short term exposure to PM2.s associated with low birth weight, pre-term 
birth and small for gestational age births, and exposure to coarse PM of~ 10 j..LM. was 
associated with small for gestational age births (34). 

66 There are a lack of studies that address the effects of biomass burning and 
wildfire smoke on mortality, specifically a lack of studies on cardiovascular health 
and mortality. Most such studies have lacked statistical power. 
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67 There is quite a lot of evidence for an effect of wildfire exposure upon 
respiratory health including total respiratory admissions to hospital, chronic bronchitis 
and emphysema exacerbations and asthma exacerbations, and acute bronchitis, 
pneumonia and ED visits. Burning conditions appear to be an important factor in 
determining the hazard of the combustion derived particles. 

68 Clinical studies of traffic generated exposures suggest that 1-2 hour exposures 
can result in physiological changes, suggesting that this may be sufficient to 
contribute to exacerbations of chronic disease, with changes in ST segment 
depression and loss of heart rate variability plus evidence of tachycardia, as effects of 
short term exposure. 

69 Since the WHO Air Quality Guidelines, Global Update 2005 were issued, many 
new studies from Europe and elsewhere on both short and long-term exposure to 
PMz.s have been published. These studies provide considerable support for the 
scientific conclusions in the 2005 Guidelines and suggest additional health outcomes 
to be associated with PMz.s (18, 19). 

70 Among the major findings to date in relation to sho•·te•· exposm·e times (e.g. 
individual or repeated short episodes ofve•-y high exposm·e, lh, 24h): There is 
further evidence from epidemiological studies that long-term (years) exposure to 
PMz.s is associated with both mortality and morbidity. The evidence base is weaker 
for PM10, and hardly any long-term studies are available for coarse particles. 

71 There is strong evidence from epidemiological studies that daily (24-hour 
average) exposures to PM are associated with both mortality and morbidity 
immediately and in subsequent days. Repeated (multiple day) exposures may result in 
larger health effects than the effects of single days. 

72 While acute and long-term effects are partly interrelated, the long-term effects 
are not the sum of all short-term effects. Effects of long term exposure are much 
greater than those observed for short-term exposure suggesting that effects are not just 
due to exacerbations but may be also due to progression of underlying diseases 
(18,19). 
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4.3.iii. long term exposure effects of PM2.s 

73 Studjes relate outcomes to measured annual average concentration exposure. 
Measures of effect of long term exposure have focused on mortality as an end point 
(27). 

Table 3.2. Comparison of excess relative rtsk for mortality from American cohort studies 

Total 
morullty 

Cudlopulmon:ory 
m<lltlbty 

lungancor 
mortality 

Study PM1moii1C' Exa!ss 9S'!I.CI U Ct!SJ 95'!1.0 Excess 9S'!I.CI 
RJI> ('!1.) RR ('!1.) RR ('!1.) 

SixOty (6, 7 7) PM,s 13% 4.2- 23 18% 6.0- 32 18% - 11 - 57 

Six Oty new (6) PM,s 14% 5.4 - 23 19% 6.5- 33 21% -8.4-oo 
ACS(6J PMu 6.6% 3.5-9.8 12% 6.7-1 7 1.2% -8.7-12 

ACSnew(6J PMu 7.0% 3.9-10 12% 7.4 -1 7 0.8% -8.7-11 

ACSn~(6J PM,s..u OA% - 1.4 - 2.2 0.4% - 2.2- 3.1 - 1.2% - 7.3-5.1 

ACSnew(6J PM .... , 4.1% 0.9 - 7.4 7.3% 3.Q-12 0.8% -8.1-11 

ACSnew(6J PMIC>'1sSSI' 1.6% -o.8-4.1 5.7% 25-9.0 - 1.6% - 9.1 -6.4 

ACS extended (5) PMu 1979-1983 4.1% 0.8- 75 5.9% 1.5- 10 8.2% 1.1 - 16 

ACS extended (5) PMu 1999-2000 5.9% 2.0-9.9 7.9% 2.3-14 12.7% 4.1-22 

ACS extended (5) PMu average 6.2% 1.6-11 9.3% 3.3 -16 13.5% 4.4-23 

AHSMOG{2J' PM,..,, 2.1% -45-9.2 0.6% - 7.8-10 81% 14 - 186 

AHSMOG (12)' PM,s 85% -2.3-21 23% -3.0-55 39% -21-150 

Veterans Administration' PMu - 10.0% - 15 - -4.6 

• lnCJemt:nUISie IOIJQ!m1for PMu 411d20 ~m'for PM,oru.- ~Pooled nlimiiltc f01 rtlllln •nd fern.,ln.. 
'Exc:rssRR(po<conlaO" eliCou '""'W..ri<kl= 100>< {RR-ll-•rh•RR has bftnconvened • Using twO-Pdlu•'"" (fine-•nd coa""-panidel models; males 
from m. hoghest·to-~s<r>r\90 tom. stondon! incrnnont (1 0 0< 20) by m. equation RR • 
exp{)og(RR lot rongel x lrongc). on~ • Mo only. expoou~< period 197!)-1981, monolity 1982-1988 

' PM measured will> si«-selecn"" inlet tssn tec:hnolooy. The other PM ,..,,....emenu in K5 (frO<n Table 7 in lipr..n et al nJ)). 
new (6Jwen: bas-ed on dic;hotomous :wrnpler with 15-&,u:n •od 2..S-1Jn1 tut-off poinb. Source:: US Envitomnt:nt.f ProtcctionAoency (I OJ. 

74 The 1995 American Cancer Society sponsored study or "ACS" study, concluded 
that annual mortality due to cardiopulmonary disease and lung cancer increased in 
association with an increase in fine particulate matter concentrations. The results of 
the 2002 follow-up study showed significant associations between PM2.s exposure 
and elevated risks for cardiopulmonary and lung cancer mortality. The study fotmd 
that each 10-microgram per-cubic-meter increase in long-term average PM2.s 
concentrations was associated with approximately a 4% increased risk of death from 
all natural causes, a 6% increased risk of death from cardiopulmonary disease, and an 
8% increased risk of death from lung cancer (27). 

75 The lung cancer risk associated with exposure to fine particu late matter is 
comparable to that faced by nonsmokers who li ve with smokers, and are exposed long 
term to secondhand cigarette smoke (35). 

76 Further follow up studies indicate that the excess cardiovascular mortali ty was 
attributable to ischemic heart disease, dysrhythrruas, cardiac arrest and heart failure 
For every I Omcg increment increase in PM2.s exposure there was an 8-18% increased 
risk of death (36). 

77 Kloog et al observed an association between both short and long term exposure 
to PM2.s particles and risk of admission to hospital amongst over 65yo's in New 
England for respiratory, cardiovascular, cerebrovascular and diabetes related illnesses 
respectively: for every 10 J..lg/m3 increase in mean exposure over either 2 days or 7 
years, mapped to a IOkm by lOKM area, the rate of admission went up by 0.7% and 
4.22% (37). 
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78 The same group also examined the relationship between long term exposure to 
PMz.5 and incidence of AMI using the same methods. They found that an IQR 
increase in area PM 2.5 exposure (0.59 mcg/m3) was associated with a 16% increase in 
the odds of AMI. The authors conclude that it is important to consider spatial 
gradients within an area when examining the relationship between particulate 
exposure and cardiovascular events (38). Other studies have shown a link between I 0 
J..lg/m3 increase in exposure and all cause mortality as well as risk of AMI. Exposure 
to PMz.5 exerts an inflammatory effect and also leads to accelerated progression of 
atherosclerosis. 

79 Cesaroni et al conducted a meta-analysis of 11 cohorts participating in the 
European Study of Cohorts for Air Pollution Effects (ESCAPE). They reported that 
long term exposure to ambient air pollution (particulate matter) is linked with 
incidence of coronary events. 100,166 participants were enrolled and were followed 
for an average of 11.5 years. According to the study result, an increase in estimated 
annual exposure to PM 2.5 of just 5 J..lg/m3 was linked with a 13% increased risk of 
heart attacks. The authors conclude that long term exposure to particulate matter is 
associated with incidence of coronary events, and this association persists at levels of 
exposure below the current European limit values (39). 

80 There is further evidence for an effect ofPMz.5 exposure and development of 
diabetes in adults, cognitive decline in adults and neurological development in 
children as well as birth outcomes including pre term birth, LBW and SFD infants 
(30). 

81 Birth cohort studies indicate that there is a relationship between long term PMz.5 
exposure and respiratory infections and asthma in young children. Work from 
Southern California has shown that lung function growth in children is reduced in 
areas with high PM concentrations and that the lung function growth rate changes in 
step with relocation of children to areas with higher or lower PM concentrations than 
before. Impacts of pollution on the prevalence of respiratory symptoms in children 
and adults were also found, though high correlation of various pollutants in those 
studies precludes attribution of the results of these studies to PM alone (40). 
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4.4 Nitrogen dioxide 

82 Nitrogen dioxide (NO~ is one of a group of highly reactive gasses known as 
"oxides of nitrogen," or "nitrogen oxides (NOx)." N0 2 is the component of greatest 
interest and the indicator for the larger group of nitrogen oxides (24). 

83 N02 concentrations arising from point source exposures such as coal mine fires 
can be much higher than will be detected at area wide monitors and therefo re exposed 
individuals who spend time at or near such point sources can experience short-term 
N02 exposures considerably higher than measured by the monitoring stations. 
Tropospheric, or ground level ozone, is not emitted directly into the air, but is created 
by chemical reactions between oxides of nitrogen (NOx) and volatile organic 
compounds (VOC) in the presence of heat and sunlight. 

84 In addition to contributing to the formation of ground-level ozone, and fine 
particle pollution, N02 is linked with a number of adverse effects on the respiratory 
system. N Ox react with ammonia, moisture, and other compounds to form small 
particles. These small particles penetrate deeply into sensitive parts of the lungs and 
can cause or worsen respiratory disease, such as emphysema and bronchitis, and can 
aggravate existing heart disease, leading to increased hospital admissions and 
premature death. 

85 Current scientific evidence links short-term N02 exposures, ranging from 30 
minutes to 24 hours, with adverse respiratory effects including airway inflammation 
in healthy people and increased respiratory symptoms in people with asthma. Also, 
studies show a connection between breathing elevated short-term N02 concentrations, 
and increased visits to emergency departments and hospital admissions for respiratory 
issues, especially asthma. 

86 N02 exposure concentrations are of particular concern for susceptible 
indi viduals, including people with lung disease such as asthma and COPD (chronic 
obstructive pulmonary disease), children, and the elderly. 

87 There is a very high level of correlation betw een the effects ofN02 exposure 
and particulate pollution and ozone exposure. Given the weight of evidence in support 
of PM2.s and ozone exposure as the main constituents of airborne pollution 
contributing to adverse health outcomes, N 0 2 will not be considered further in this 
report. 
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4.5 Sulfur dioxide 

88 Sulfor dioxide (SO~ is one of a group of highly reactive gases known as 
"oxides of sulfor. " sol is linked with a number of adverse effects on the respiratory 
system (24). 

89 Current scientific evidence links short-term exposures to S02, ranging from 5 
minutes to 24 hours, with an array of adverse respiratory effects including 
bronchoconstriction and increased asthma symptoms. 

90 This is particularly important for asthmatics at elevated ventilation rates (e.g., 
while exercising or playing.) Studies also show a connection between short-term 
exposure and increased emergency departments visits and hospital admissions for 
respiratory illnesses, particularly for at-risk populations : children, elderly, and 
asthmatics. 

91 S02 can react with other compounds in the atmosphere to form small particles. 
These particles penetrate deeply into sensitive parts of the lungs and can cause or 
worsen respiratory disease, such as emphysema and bronchitis, and can aggravate 
existing heart disease, leading to increased hospital admissions and premature 
death. There is evidence that exposure to S0 2 is associated with pre-term birth (34). 

92 There is a very high level of correlation between the effects of S02 exposure 
and particulate pollution and ozone exposure. Given the weight of evidence in support 
ofPM2.s and ozone exposure as the main constituents of airborne pollution 
contributing to adverse health outcomes, and the low level of so2 detected at air 
pollution monitoring stations in the Latrobe Valley, and low levels of sulphur in coal 
mined in the Latrobe Valley, S02 will not be considered further in this report. 

Hazel wood Coal Mine Fire Health Effects Report 21 



4.6 Volatile organic compounds (VOC's) otherwise referred to as air 
toxics 

93 Very little is know n about the health effects of the release of so called air toxics 
from coal mine fires. 

94 Finkelman has described the potential health impacts arising from burning coal 
beds and waste banks. Volatile elements are commonly enriched in coal deposits. 
Coal mine fires commonly volatilise these elements. The release of such elements 
into the atmosphere in the Latrobe Valley arising from the Hazelwood coal mine fire 
arguably represents an unquantifiable contribution to the additional risk to health 
associated with the fire. It is a matter of current research to determine whether 
volatilized elements and Polycyclic aromatic hy drocarbons (PAH's) can contribute to 
risk to health in association with particulate air pollution in either an additi ve or 
synergistic way ( 41 ). 

95 Engel et al describe the gas emissions, minerals and tars associated with three 
ongoing coal mine fires in the Powder River Basin in Wyoming in the USA They 
describe emission concentrations of C02, CO, and volatile gases such as benzene and 
volatile metal species at levels that may be of potential human health and 
environmental concern near the fires. They observe that the natural coal fires do not 
represent complete combustion and the emissions from the fires are not controlled 
(42). There are interactions amongst air pollutants that change the toxicity of the 
mixture. These occur at the level of physicochemical interactions in air as well at the 
biological level. Very few epidemiologic studies have examined the potential for 
interaction amongst pollutants. This is likely due to their moderate to high 
correlations. The existence of such pollutant mixtures makes it often difficult, in an 
uncontrolled setting, to determine either independent or synergistic effects of ambient 
air pollutants. Synergistic effects at the biological level between ultrafine particles 
and transition metals, and between particles and VOCs have been shown indicating 
larger combined impact on human health than would be expected for the separate 
entities. 

96 Airborne particles of any kind can carry aero-allergens or toxic condensed 
vapours such that their impact can be substantially larger than without particles. There 
is a trend that the smaller the particles the stronger the adjuvant effects are. Limited 
evidence has been published suggesting that the nitrogen dioxide can enhance allergic 
responses. There is some evidence of potential interactions amongst pollutants and 
high temperature (19). Independent of known effects of ozone and PM2.s it is not 
possible to ascribe an independent health effect to short term exposure to ambient air 
pollution of the type associated with the Hazelwood coal mine fire, either in the short 
or the long term. 

Hazel wood Coal Mine Fire Health Effects Report 22 



Table 1. Short term health effects that may be caused by exposure to smoke from a brown coal fire, 
identifying the substance in the smoke that causes each effect. 

Affected group 

Unbom 
Young children 

Fh·efighters* 

Effect 

Fetal death, low birth weight, premature labour, small for dates 
Irritation to eyes and mucous membranes 

Irritation to Respiratory tract: new onset asthma and bronchitis, exacerbation of existing 
asthma creating ongoing reactive ainvays which are sensitive to further insults, Eg, vims. 
Increased morbidity and hospital admissions 
Impaired growth in lung flmction 
Death. long tenu cardiac and or neurological damage 
Psychosocial effects which increase the risk of family violence, dntg and alcohol use, 
depression and anxiety, post tramnatic stress and phobias. 
Irritation to eyes and mucous membranes 

Irritation to Respiratory tract: sinusitis, asthma and acute bronchitis, exacerbation of 
COPD, 
hospital admission and death 
Effects on cardiac conduction: arrhythmias, death 
Effect on coagulation state: stroke, heart attack and death 
Short tenu: headache, nausea and lethargy due to hypoxia. Death. 
Long term: cardiac and or neurological damage, death 
Psychosocial effects which increase the risk of family violence. dmg and alcohol use, 
depression and anxiety. post traumatic stress and phobias. 
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Substance 
responsible 
CO (high dose ). 
PM2.s and larger 
particulates 
Ozone and PM2.s 

Ozone and PM2.s 
CO (high dose). 
PM2.s and larger 
particulates 
PM2.s and larger 
particulates 
Ozone and PM2.s 

Ozone, PM2.s and CO 
PM2.s 
CO (high dose) 

PM2.s and larger 
particulates 
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Gene•·al Population* 

People with p•·e-existing 
ailments*: 
Asthma, COPD, ischaemic heart 
disease, congestive cardiac 
faiJm·e. 

Irritation to eyes and mucous membranes 

Respiratory tract: 
New onset sinusitis, asthma and acute bronchitis, 
Exacerbation of astJuna, COPD, hospital admission and death 
Effects on cardiac conduction: arrhythmias, death 
Effect on coagulation state: stroke, heart attack and death 
DeatJ1. long tenn cardiac and or neurological damage 
Psychosocial effects which increase the risk of family violence, dntg and alcohol use, 
depression and anxiety. post traumatic stress and phobias. 
Irritation to eyes and mucous membranes 

Respiratory tract: sinusitis, exacerbation of astluua, exacerbation of COPD, Hospital 
admission and death 
Effects on cardiac conduction: arrhythmias, deatJ1 
Effect on coagulation state: stroke and heart attack, hospital admission and death. 
Exacerbation of pre-existing congestive cardiac fai lure, hospital admission and death. 
DeatJ1, long tem1 cardiac and or neurological damage 
Psychosocial effects which increase the risk of family violence, dmg and alcohol use. 
depression and ru1-xiety, post tramnatic stress and phobias. 

* Diabetes and current smoking may increase risk in these categories 
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PM2.s and larger 
particulates 
Ozone and PM2.s 

Ozone, PM2.s and CO 
Ozone and PM2.s 
CO (high dose) 
PM2.s and larger 
partie ula tes 
PM2.s and larger 
particulates 
Ozone, PM2.s 

PM2.s and CO 
Ozone and PM2.5 
Ozone and PM2.s 
CO (high dose) 
PM2.s and larger 
particulates 
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Table 2. Medium to Long term health effects that may be caused by exposure to smoke from a brown 
coal fire, identifying the substance in the smoke that causes each effect 

Affected Effect Substance 
group responsible 
Unborn Pre-tenn birth, Reduced birth weight due to intrauterine growth retardation. Ozone 

Reduced post natal growth rates ,Reduced ltmg ftmction growth rates Ozone 
PM2.s 

Young Reduced hmg function growth rates. Ozone, PM2.s 
children Respiratory tract: new onset astluna and bronchitis, exacerbation of existing asthma creating ongoing reactive 

airways which are sensitive to further insults Eg, virus. Increased morbidity and hospital admissions. 
Impaired growth in hmg function Ozone and PM2.s 
Impaired neurological development. Ozone 
Psychosocial effects which increase the risk of family violence, drug and alcohol use, depression and anxiety, post PM2.s and larger 
tramnatic stress and phobias. particulates 

Firefighters* Respiratory tract: increased risk of sinusitis, new onset astluna, acute bronchitis, exacerbation of pre -existing astluna Ozone and PM2.s 
creating ongoing reactive ainvays which are sensitive to further insults, Eg, virus. Exacerbation of unrecognized 
COPD. Increased risk of morbidity and hospital admissions, death. 
Effects on cardiac conduction: increased risk of arrhythmias, death. Ozone and PM2.s 
Effect on coagulation state: increased risk of stroke, heart attack and death Ozone and PM2.s 
Increased risk of Ltmg cancer and death PM2.s 
Psychosocial effects which increase the risk of family violence, drug and alcohol use, depression and anxiety, post PM2.s and larger 
tramnatic stress and phobias. particulates 
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General Population* Respiratory tract: increased risk of sinusitis, new onset astluna, acute bronchitis, exacerbation of pre- Ozone and PM2.s 
existing asthma creating ongoing reactive airways which are sensitive to further insults, Eg, vims. 
Increased risk of morbidity and hospital admissions and death 
Effects on cardiac conduction: increased risk of arrhythmias, morbidity, hospital admissions and Ozone and PM2.s 
death 
Effect on coagulation state: increased risk of stroke, heart attack morbidity, hospital admissions and Ozone and PM2.s 
death 
Increased risk of Ltmg cancer and death PM2.s 
Long term cognitive decline Ozone 
Psychosocial effects which increase the risk of family violence, dmg and alcohol use, depression and PM2.s and larger 
anxiety, post traumatic stress and phobias. particulates 

People wit h p re-existing Irritation to Respiratory tract: sinusitis, exacerbation of asthma and ofCOPD, creation of hyper- Ozone and PM2.s 
ai lments: reactive ain'>'ay which are sensitive to further insults eg vims, and increased risk of bacterial 
COPD, asthma, ischaemic infection. Increased risk ofhospital admission, pneumonia and death. 
heart disease, congestive Effects on cardiac conduction: increased risk of arrhytlunias, morbidity, hospital admissions and Ozone and PM2.s 
cardiac fai lure death 

Effect on coagulation state: increased risk of stroke, heart attack, morbidity, hospital admissions and Ozone and PM2.s 
death 
Increased risk of Lung cancer and death PM2.s 
Long term cognitive decline Ozone 
Exacerbation of pre-existing congestive cardiac failure. Increased risk of hospital admission and Ozone and PM2.s 
death. 
Psychosocial effects which increase the risk of family violence, drug and alcohol use, depression and PM2.s and larger 
anxiety, post traumatic stress and phobias. particulates 

* Diabetes and current smoking may increase risk in these categones 
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5 Was the evidence available in February 2014 about these 
matters certain? 

97 Is there any gap in the medical understanding of the health effects of exposure 
to smoke ft'om a brown coal fire? 

98 The medical understanding of the health effects of exposure to smoke from this 
brown coal mine fire has been hampered by the lack of any studies devoted 
specifically to the evaluation ofthe health sequelae of air pollutants emitted from a 
point source fire, in particular a coal mine fi re in an open cut brown coal mine, arising 
as a consequence of a bushfire or wildfire, of unprecedented duration .. 

99 There is a gap in the understanding of the community mental health effects of 
exposure to a coalmine fire or bushfire, and the extent to which social determinants of 
health either protect against or exacerbate the mental health effects. Ie to what extent 
is community and individual mental health and resilience affected by exposure to a 
coalmine or bushfire? 

100 The newly available evidence concerns long term effects of ozone and further 
evidence for short term effects of particulate exposures, particularly PM2.s on health 
measures in vulnerable communities. 

10 1 "Is there a need for further research?" The answer is an unqualified "Yes". The 
directly relevant research questions pertain to the health effects of coal mine fires and 
bushfires, particularly of prolonged duration, although one hopes that the opportunity 
to study such a fire will not come again. 

102 However, as climate change creates an increasing likelihood of extreme climate 
events and bushfires, plus the ongoing use of brown coal from open cut mines in 
Victoria's power stations, we can possibly expect the conditions which might give 
rise to a coalmine fire to arise more frequently in future. 
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6 Long term health study on the potential impact of the Mine 
fire. 

103 What are the essential foatures of the study including scope and duration of the 
study? Who should conduct the study? 

104 A long term study to examine the impact of the Mine fire should have as its 
objectives to improve the physical and mental health of the residents of the Latrobe 
Valley and to contribute to the body of knowledge arising from the fire to contribute 
to the better management of the health consequences of such fires in future. It is noted 
that a study of the Health of the residents of the Latrobe Valley was to be undertaken 
in the 1980's, so it is hoped that the opportunity to conduct such a study some 30 
years later is not lost. 

105 The study should be conducted under the governance of an independent 
Steering Committee responsible for the oversight of the Study, which is required to 
report annually to the Victorian Parliament. The study should be established with the 
intent that it will run for 20 years to ensure that it asks the right questions and 
achieves its objectives. 

106 The Steering Committee should have an independent chair and include 
community representati ves from the Latrobe Valley with specific reference to 
representatives of disadvantaged communities such as indigenous communities, as 
well as international and interstate academic representatives. 

107 The research should be conducted by a consortium of academic entities from 
within Victoria including acknowledged experts in public health and environmental 
and occupational health and health economics. This structure will ensure that there is 
accountability for both the research direction and questions, and for ma"Ximal 
collaboration between entities within the state. 

108 The research should be funded by the Victorian Government and the Mine 
Owner, and should examine the health effects of mine and fire generated air pollution 
and translate this into improved health outcomes for the community , as well as 
making important contributions to the international research literature. 

109 The researchers should include: 
1. Meteorologists and environmental heal th physicians, occupational health 

specialists and mathematical modelers to developing better predictive tools to 
describe the conditions under which environmental hazards might arise from 
such a fire and to enable the services involved to take such action as may be 
possible to prevent or reduce the chances of adverse health effects arising from 
such a fire from occurring again. 

2. Epidemiologists and mental health experts who would participate in 
studies of the mental health impact of fire exposure, including effects on 
children and fami ly violence, and the effect of psychosocial factors upon risk 
for adverse mental health outcomes and the effect of interventions to manage 
these outcomes. 
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1. 
The specific research could include: 

An examination of the patterns of health service utilisation and adverse 
health outcomes (eg deaths) in the Latrobe Valley , following on from the 
exposure event (the fire) to determine whether these measures demonstrate an 
adverse health impact in the short term. 

This could include CUSUM analyses of the relevant events, and comparison 
with relevant prior time periods. CUSUM analysis tracks the cumulative sum 
of consecutive differences, whether positive or negative, between an 
individual measurement and a given standard or target. This allows the early 
detection of small incremental changes. This type of analysis has been shown 
to be of value in monitoring trends in the form of small variations, particularly 
when changes in absolute numbers of events are small. This is more useful 
than time series analysis for the detection of phenomena which are expected in 
small numbers, arising following a particular event. 

2. A cohort study or time series analyses linking exposure data to health 
outcomes data along traditional epidemiological study lines. 

111 The program of research to be undertaken could include linked epidemiological, 
health services and toxicological research. The research should be based on an 
inception cohort of the residents of the Latrobe Valley, with ongoing recruitment of 
young subjects, to create a population based cohort. 

112 The psychosocial research should aim to promote resilience and improved 
health outcomes with a focus on creating community resilience and good health 
practices at both the individual and community level, for vulnerable communities in 
the Latrobe Valley in particular. 

113 It will be import.ant for measures that are collected to be comparable with those 
collected in other studies and with widely available population measures to ensure 
comparability and facilitate research cooperation. 

II4 The primary focus of the health impact assessment should be PM2.s particulate 
pollution exposure. There is a case to include broader measures of social determinants 
ofhealth, measures of psychosocial morbidity and measures fo individual and 
community resilience as important predictive and outcome factors as well. 

115 The final selection of metrics, outcomes and functions will require an 
interdisciplinary team with relevant expertise. The interdisciplinary research team 
may attempt to expand upon previous health impact assessments, with an attempt to 
develop methods and tools to integrate new evidence of effects ofPM2.s, such as its 
impact on birth outcomes and the incidence of childhood asthma .. 
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7 Identify any key studies in relation to long term health 
effects of exposure to smoke from brown coal 

116 There are no studies of the medium to long term health effects of exposure to 
smoke from brown coal, nor any well conducted studies of the health outcomes of 
exposure to smoke from coal mine fires. 

111 The following references constitute the best compendium and most recent 
updates on health related to air poll ution. These reports are highly relevant and offer 
insights into causal mechanisms and associations that have been quoted extensively in 
this report. In addition they provide insights into methods and scope of health impact 
assessments related to such exposures. 

1. Air quali ty guidelines. Global update 2005. WHO Regional Office for Europe. 
Copenhagen 2006. 

2. Review of evidence on health aspects of air pollution- REVIHAAP Project. 
(WHO Regional Office for Europe 2013 

3. Report on Health risks of particulate matter from long-range tTansboundary air 
pollution. Joint WHO I Convention Task Force on the Health Aspects of Air 
Pollution. WHO European Centre for Environment and Health. Bonn Office. 
2006. 

4. Atkinson RW, et al. Epidemiological time series studies ofPM2.s and daily 
mortality and hospital admissions: a systematic review and meta-analysis. 
Thorax. 2014 Apr 4. 
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