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EXECUTIVE SUMMARY 
 
A comprehensive review of the scientific literature was undertaken to evaluate the potential 
effects of dust, noise, vibration and blasting on equine health. This review found that horses 
are subjected to high levels of dust, noise and vibration as part of their normal progression 
from stud farm to racing stable. Dust exposure was found to be very high, primarily in 
stabled horses as occurs for example during race training, yearling preparation, and 
hospitalisation of horses. Despite this dust exposure having an adverse impact on equine 
health, horses are able to compete to the best of their ability. A key finding from the literature 
review was that endotoxins attached to dust particles played a key role in initiating 
respiratory disease in horses. As a result, studies were undertaken to evaluate the endotoxin 
levels of dust potentially generated by the Project. Noise level exposure was similarly found 
to be very high, as documented by studies on noise levels undertaken for example on race 
days. Vibration, in particular that associated with road or air transport, is regularly 
encountered by horses and there has been no demonstrated adverse effects. There is some 
evidence that suggests low level whole body vibration can have beneficial effects when 
applied using scientific principles.  
 
The findings from the literature review enabled accurate interpretation of the potential effects 
of the Project in regard to dust, noise and vibration.   Comparison with data generated in the 
EA assessments, being the air quality and greenhouse gas impact assessment and the 
acoustic impact assessment indicated that the levels of dust, noise and vibration that the 
horses would be exposed to as a result of the project would be far less than that which they 
are exposed to in a breeding and racing career. While the impact of blasting is difficult to 
evaluate experience suggests that horses will rapidly become accustomed to this.  
 
Based on the literature review and evaluation of data generated in the EA assessments it 
was concluded that in terms of dust, noise, vibration and blasting, the Project will have no 
detrimental effects on the health of horses on the adjoining properties. This includes both 
adult horses and foals that are either permanent or temporary residents of the properties. 
 
Specific recommendations in regarding to ongoing assessment of any impact on equine 
health include continuous monitoring of dust levels throughout the duration of the Project as 
well as assessing the initial impacts of blasting from the Project on horse behaviour. 
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1 INTRODUCTION 

The author has been engaged by Hansen Bailey Environmental Consultants (Hansen 
Bailey) on behalf of Anglo American Metallurgical Coal Pty Ltd (Anglo American) to complete 
an equine health impact assessment for the Drayton South Coal Project (the Project).  The 
purpose of the assessment is to form part of an Environmental Assessment (EA) being 
prepared by Hansen Bailey to support an application for Project Approval under Part 3A of 
the Environmental Planning and Assessment Act 1979 (EP&A Act) to facilitate the 
continuation of the existing Drayton Mine by the development of an open cut and highwall 
coal mining operation and associated infrastructure within the Drayton South area. 
 
In October 2011, Part 3A of the EP&A Act was repealed. However, the Project has been 
granted the benefit of transitional provisions and as a result, is a development to which Part 
3A applies.  
 
The purpose of this report is to provide an assessment as to whether the predicted air 
quality, noise and vibration impacts from the Project are likely to have a detrimental effect on 
the health of horses on neighbouring properties.  
 

1.1 PROJECT DESCRIPTION 

Drayton Mine is managed by Anglo Coal (Drayton Management) Pty Ltd which is owned by 
Anglo American.  Drayton Mine commenced production in 1983 and currently holds Project 
Approval 06_0202 (dated 1 February 2008) which expires in 2017, at which time the 
operation will have to close.  
 
The Project will allow for the continuation of mining at Drayton Mine by the development of 
open cut and highwall mining operations within the Drayton South mining area while 
continuing to utilise the existing infrastructure and equipment from Drayton Mine.   
 
The Project is located approximately 10 km north west of the village of Jerrys Plains and 
approximately 13 km south of the township of Muswellbrook in the Upper Hunter Valley of 
NSW.  The Project is predominately situated within the Muswellbrook Shire Local 
Government Area (LGA), with the south west portion falling within the Singleton LGA.   
Figure 1 illustrates the location of the Project.  The Project is located adjacent to two 
thoroughbred horse studs, two power stations and several existing coal mines.  
 
The Project will extend the life of Drayton Mine by a further 27 years ensuring the continuity 
of employment for its workforce, the ongoing utilisation of its infrastructure and the orderly 
rehabilitation of Drayton Mine’s completed mining areas. 
 
  

November 2012  Environmental Assessment DRAYTON SOUTH COAL PROJECT 1Hansen Bailey

HEquine Health Impact Assessment

N Kannegieter



 
 
Anglo American is seeking Project Approval under Part 3A of the EP&A Act to facilitate the 
extraction of coal by both open cut and highwall mining methods within Exploration Licence 
(EL) 5460 for a period of 27 years.  The Project Application Boundary (Project Boundary) is 
shown on Figure 1. 
 
The Project generally comprises: 

 The continuation of operations at Drayton Mine as presently approved with minor 
additional mining areas within the East, North and South Pits; 

 The development of an open cut and highwall mining operation extracting up to 7 Mtpa 
of ROM coal over a period of 27 years;  

 The utilisation of the existing Drayton Mine workforce and equipment fleet (with an 
addition of a highwall miner and coal haulage fleet); 

 The Drayton Mine fleet consists of at least a dragline, excavators, fleet of haul trucks, 
dozers, graders, water carts and associated supporting equipment. 

 The use of the Drayton Mine existing voids for rejects and tailings disposal and water 
storage to allow for the optimisation of the Drayton Mine final landform; 

 The utilisation of the existing Drayton Mine infrastructure including the Coal Handling 
and Preparation Plant (CHPP), rail loop and associated loadout infrastructure, 
workshops, bath houses and administration offices; 

 The construction of a transport corridor between Drayton South and Drayton Mine;   
 The utilisation of the Antiene Rail Spur off the Main Northern Railway to transport 

product coal to the Port of Newcastle for export; 
 The realignment of a section of Edderton Road; and 
 The installation of water management (including a licence water discharge point and 

pumping station adjacent to the Hunter River) and power reticulation infrastructure at 
Drayton South. 

 
The conceptual layout of the Project is shown in Figure 2. 
 
1.2 DIRECTOR-GENERAL’S ENVIRONMENTAL ASSESSMENT REQUIREMENTS 

All applications for Project Approval under Part 3A of the EP&A must be accompanied by an 
EA prepared in accordance with the Director-General’s Environmental Assessment 
Requirements (EARs).  This equine health impact assessment, which forms part of the EA, 
addresses the EARs concerning equine health.  Table 1 lists the EARs that are relevant to 
and addressed by this assessment. 
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Table 1 
Director-General’s Environmental Assessment Requirements

Key Issue Requirement 

Air Quality A quantitative assessment of the potential air quality and odour impacts of the project 
on both people and livestock 

Noise & Blasting A quantitative assessment of the potential blasting impacts on people, livestock and 
property 

 
This assessment only addresses these EARs to the extent that they apply to horse health.  
The impacts on humans and property are not addressed in this report. 
 
1.3 RELATED STUDIES 

The studies which are to be read in conjunction with this assessment include the following: 

 The EA air quality and greenhouse gas impact assessment; 
 The EA acoustic impact assessment; and 
 The EA agricultural impact statement. 

 
1.4 REPORT STRUCTURE 

The report is structured as follows: 

 Section 1 is the introduction; 
 Section 2 describes the assessment approach; 
 Section 3 outlines the key findings of the literature review; 
 Section 4 discusses the potential for health issues resulting from dust generated by 

the Project; 
 Section 5 discusses the potential for health issues resulting from noise generated by 

the Project; 
 Section 6 discusses the potential for health issues resulting from vibration generated 

by the Project 
 Section 7 provides recommendations from the horse health assessment; 
 Section 8 provides a conclusion; and 
 Section 9 lists relevant references. 

The report also includes the following appendices: 

 Appendix 1 Horse Health Literature Review – The effects of dust on the equine lower 
respiratory tract 

 Appendix 2 Comparative review of air quality backgrounds near horse breeding and 
racing areas prepared by PAEHolmes, 2012 

 Appendix 3 Results of Endotoxin Studies  
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2 ASSESSMENT APPROACH 

The objective of the equine health impact assessment was to establish an understanding of 
the levels of dust that horses may be exposed to during the various stages of their life cycle 
in order to understand their level of sensitivity and then draw comparison to the predicted 
dust levels for the Project to determine whether there is likely to be any potential health 
impacts for horses being bred on the neighbouring thoroughbred breeding operations of 
Coolmore Australia and Darley Australia.  As part of the assessment, the sensitivity of 
horses to noise and vibration impacts from blasting was also assessed. This involved a 
literature search regarding the hearing ability of horses and their response to noise as well 
as an evaluation of the effect of ground vibration on horses. Predicted data from the Project 
could then be evaluated for any potential impact on horse health.  
 
The scope of this assessment included the following: 

 Address the Director-General’s Environmental Assessment Requirement concerning 
horse health, issued on 3 August 2011; 

 Conduct a review of relevant literature and veterinarian databases with regard to the 
effects of dust, noise and vibration on horses; 

 Conduct a review of the existing air quality of the region and a comparative review of 
this with other well-known racing and breeding locations in Australia and around the 
world;  

 Undertake soil and dust sampling and analysis to evaluate endotoxin levels likely to be 
present in dust generated from the Project; 

 Analyse the results of the air quality modelling undertaken for the Project to determine 
whether the predicted levels of dust are likely to have an impact on equine health;  

 Analyse the results of the noise and vibration assessment undertaken for the Project to 
determine whether the predicted noise and vibration levels are likely to have an impact 
on equine health; and 

 Provide recommendations and management measures as relevant.   
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3 LITERATURE REVIEW 

3.1 OVERVIEW 

A targeted literature review was undertaken in three main areas to determine the sensitivity 
of horses to dust, noise and vibration.  The findings of each are provided in the sections 
below. 
 

3.2 DUST LITERATURE REVIEW 

A comprehensive literature review was undertaken to determine the levels of dust and 
endotoxin that horses may be exposed to during rearing and during a racing career. The 
reason for this was to establish baseline levels of dust exposure in the environment of these 
horses. While dust is recognised as a potential irritant to the respiratory tract, the response 
to dust is mostly the result of endotoxins as well as other material such as bacteria or fungi 
attached to the dust. This is a particular problem in stabled horses, as occurs during race 
training or yearling preparation.  
 
The following databases were searched in compiling the literature review: 
 
a) CAB abstracts (1990 to present) 
b) PUBMED 
c) Science Direct 
d) Wiley Online Library. 
e) Medline (1950 to present) 
f) Personal data base N Kannegieter 
g) Web of Science 
h) Cambridge Journal Online 
 
The review found that there is very little published scientific information which evaluates the 
effects of dust of topsoil or crustal origin on the health of pastured horses. In contrast there is 
a large amount of data that examines the effects of dust from bedding, feed and the 
environment on stabled horses. The review evaluated the available data in both areas. 
There is also a vast amount of information regarding the effects of dust and pollution on 
human health. As this was not the focus of the study and there would appear to be sufficient 
differences between equine and human responses to dust exposure, this area was not 
reviewed as reliable conclusions cannot be made from the human literature in regard to 
equine respiratory tract health and disease.  
 
The primary aim of the review was to provide information on known sources of dust as well 
as the composition and effect of this dust on the equine lower respiratory tract (LRT). 
Considerable data has been presented in regards to dust in a stabled environment even 
though this may not seem totally applicable to the situation in pastured horses as generally 
exists in the horse studs immediately adjacent the Project. This has been done for two 
reasons. Firstly to provide data on “occupational” background dust levels experienced by 
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horses that undertake any athletic career and secondly to examine the effects that different 
levels and types of dust may have on the LRT.   
 
The full literature review regarding the effects of dust on equine health is attached in 
Appendix 1. 
 
Definitions 

For the purposes of this report some definitions are presented below.  

There is considerable imprecision in use of the term (dust) in both the human and veterinary 
literature. Many articles describe studies evaluating “dust”; however the composition of this 
dust can vary widely. This makes comparison between reports and evaluation of data very 
difficult.  In many papers the composition of the dust is not defined at all.  
 
The report of Reed et al (2006) provides full details of regulatory standards in relation to 
human health and dust in agricultural industries from an Australian perspective and can be 
referred to human health guidelines if required.  
 
Inspirable Dust - Inspirable (inhalable) dust is defined as a material that may be deposited 
anywhere along the respiratory tract, where the aerodynamic diameter of the dust may range 
from 0 to 100 m (ACGIH, 2005). 
 
Respirable Dust - Respirable dust is defined as the proportion of airborne dust levels that 
when inhaled may penetrate to the unciliated airways of the lung. The median diameter of 
the dust particles is 4.25 m. Respirable dust fraction is defined by ISO 7708 (AS2985, 
2004) (Reed et al 2006) 
 
Particulate matter is derived from several sources:  

 Background crustal dust from local and distant areas. 
 Biologically derived;  
o ‘hay dust’ at the horse stud infrastructure, and  
o pollen, and plant and insect fragments in ambient air blown from local and 

distant areas. 
 Combustion derived particulates (e.g. automobile exhaust, emissions from 

industrial boilers and other processes, smoke from domestic and grass/bush 
fires). 

 Dust associated with the Project (e.g. overburden and coal dust).  
 
Dust may often be a combination of several of the above sources. 
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3.2.1 Key Findings 

The literature review identified a number of research studies that provided good data with 
which to compare the potential effects of the Project. The key points from this research are 
summarised below: 
 
a) There is likely to be a poor correlation between humans and horses in regards to the 

adverse effects of dust pollution on health. 
 
b) Horses are exposed to a large amount of dust in their lives particularly when 

performing as athletes. The primary sources of dust are bedding, hay and feed.  
 
c) The major causes of adverse effects from dust exposure on horses in any environment 

is not the particulate matter as such but rather the endotoxins, bacteria and fungi etc. 
that are attached to the particulate matter. 

 
d) Horses have a highly refined respiratory tract that greatly protects against 

contamination of the upper and lower respiratory tracts. They also have excellent 
mucocillary clearance mechanisms which when combined with the advantages of 
postural drainage provide a very efficient and effective means of clearing the lower 
respiratory tract of particulate matter (PM) or foreign material. 

 
e) Despite exposure to high levels of dust, horses can compete to the best of their ability. 
 
f) Dust that does not have high levels of endotoxin associated with it (e.g. nuisance or 

crustal dust) does not appear to increase the incidence of Inflammatory Airway 
Disease in horses.  

 
Following the literature review, it was concluded that the very high amount of dust that 
horses are exposed to, both as a result of being fed hay and in particular being kept in a 
stabled environment, is an “occupational hazard”. There are undoubtedly effects of this 
“dust” on the respiratory tract, particularly Inflammatory Airway Disease. However, it is well 
documented that the effects of dust are primarily a result of endotoxins attached to the dust 
particle, rather than the inorganic dust component itself. 
 

3.2.2 Key Data from Literature Review 

The literature review also identified a number of research studies that provided good data 
with which to compare the potential effects of the Project. The key points from this data are 
summarised below:  
 
a) The minimal total airborne endotoxin concentration likely to cause lower respiratory 

tract disease in normal horses most likely exceeds 20 ng/m3 (0.02 μg/m³) (McGorum et 
al, 1998). 
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b) Total dust concentration in normal pasture environment for horses has been measured 

at 0.17 mg/m3 (170 μg/m³), respirable dust at 80 μg/m³ and endotoxin levels of 
0.00129 μg/m³ in total airborne dust (McGorum et al, 1998). 

 
c) The recommended maximum value for inhalable dust in a stable is probably in the 

order of 2.5 to 3.0 mg/m3 (2500-3000 μg/m³). Concentrations of respirable dust in 
stables range from 0.15 to 9.28 mg/m3 (150–9280 μg/m³) with a recommended 
maximum value of 0.23 mg/m3 (230 μg/m³) (Cargill 1999). 

 
d) Racehorses spend most of their time (up to 22 hours) in looseboxes and are exposed 

to aerosolised foreign dusts and gases almost continuously and any effects these 
agents have would likely be cumulative. There can be peaks of dust exposure up to 50 
times greater than background levels depending on type of bedding, feed, activity of 
the horse and stable management (Malakides and Hodgson 2003). 

 
e) Forty percent of horses develop Inflammatory Airway Disease within the first 2 weeks 

of entering racetrack stables for training. This represents a very high percentage of 
affected horses that are clinically well and preparing for the high stresses of racing 
(Malakides and Hodgson 2003). 

 
f) More than a third of horses entering racetrack stables had some form of airway 

inflammation prior to transport to racetrack stables but these horses were not 
necessarily at greater risk of continuation of inflammation or further respiratory disease 
(Malakides and Hodgson 2003). 

 
g) Contrary to expectation, many dust-generating activities and sources are not 

associated with Inflammatory Airway Disease (Malakides and Hodgson 2003). 
 

3.2.3 Inflammatory Airway Disease 

The most common disease of the lower respiratory tract of horses in Australia is 
Inflammatory Airway Disease (IAD). This is a relatively recently categorised condition that 
covers most LRT diseases of horses apart from Chronic Obstructive Pulmonary Disease 
(COPD). In Australia well over 20-55% of horses in any form of athletic endeavour may have 
IAD. The incidence in pastured horses is much lower. IAD is a very general response to a 
wide variety of stimuli. Causes include viruses, bacteria, fungi, stable dust, etc. The effects 
that IAD have on horse health and performance vary greatly from no effect through to death 
in cases that become complicated. IAD is primarily a disease of stabled horses. IAD is 
considered to be more a response to the presence of irritant material in the lower airways, 
rather than the more severe allergic response seen in COPD. No doubt the precise definition 
of both these diseases will evolve with future research and as the links between IAD and 
COPD, if any, are further evaluated. 
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As IAD is a non-specific response to general irritants, this is potentially a disease that can 
have an increased incidence directly as a result of increased exposure to dust. The 
concentration and composition of dust that the horses might be exposed to in a paddock 
situation needs to be evaluated before any conclusion can be drawn as to the potential risk 
of IAD in pastured horses. 
 
The report of Malakides and Hodgson (2003) provides comprehensive information on IAD in 
horses. They found that endotoxin was primarily responsible for IAD. The source of 
endotoxin is from degenerate gram-negative bacteria and as such endotoxin is ubiquitous in 
nature and is commonly present on surfaces of plants and animals. Variable concentrations 
of endotoxins are found in agricultural environments such as housing for pigs, chickens, 
cows and horses, as well as sources such as bedding, hay, grains, straw, and bird 
droppings. Most environments in which horses have contact potentially can be contaminated 
with dusts with adherent bacteria and their cell-wall fragments, which subsequently may 
become aerosolised and inhaled. Endotoxin from dust sources (such as feed, bedding and 
sources outside boxes) in stables is associated with IAD in thoroughbred racehorses in 
Australia.  
 
Malikides and Hodgson (2003) also performed a number of experiments and concluded that 
40.3% (range 30-50%) developed IAD within the first 2 weeks of entering racetrack stables 
for training. This represents a very high percentage of affected horses that are clinically well 
and preparing for the high stresses of racing. In half these horses the problem persists and 
may develop into clinical disease as a result of training and management stresses. More 
than a third of horses entering racetrack stables for training had some form of airway 
inflammation prior to transport to racetrack stables. The conditions that young racehorses 
are placed in and their health management (particularly with regard to regular anthelmintic 
treatment) prior to transport to racetrack stables may influence whether or not horses arrive 
with some form of IAD. However, the high proportion of young racehorses that develop IAD 
prior to arrival at racetrack stables are not necessarily at greater risk of continuation of 
inflammation or further respiratory disease.  
 
A further key conclusion was that contrary to expectation, many dust-generating activities 
and sources were not associated with IAD.  
 

3.2.4 Rhodococcus equi (Rattles) 

Rattles is a common LRT disease in foals and is currently particularly prevalent in the Hunter 
Valley of NSW (Muscatello et al 2006).  There is an increased incidence of the disease 
associated with dry dusty conditions and dust particles may carry the R Equi bacteria 
considerable distances. The most common source of R Equi is considered to be the manure 
from “carrier” mares which is then compacted into soil and in dry dust conditions can be 
inhaled by foals. As the foal’s immune system is poorly developed, they are susceptible to 
the disease. 
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3.2.5 Equine Exposure to Dust 

Horses are exposed to large amounts of dust from many sources. These are well reviewed 
in the report of Malikides and Hodgson (2003) as follows: 
  

Factors Contributing to Dust Exposure - In order to be inhaled and cause an effect, dusts 
must be aerosolised such that solid particles (dusts or smoke) or liquid droplets (mists) of 
sufficiently small diameter maintain stability as a suspension in air. In racehorse 
environments this is achieved by machinery (eg., mechanical walkers), ventilation air, or 
movement of humans and horses in and around stables. Particles that are aerosolised 
(eg., large viruses, fungal spores and small to medium sized bacteria, fine feed or 
bedding dust, smoke and motorised pollution) usually range between 0.1 to 10 μm in 
diameter. They are cleared from air via direct removal by ventilatory airflow (particularly 
small fungal spores), removal of pathogenic potential while airborne (eg, death of 
infectious agent) or by reaching an equilibrium and subsequently falling out of the air.  
Although aerosolised bacteria and viruses may die within seconds, viruses being 
particularly sensitive to changes in relative humidity, many species still maintain their 
pathogenicity, antigenicity and ability to induce airway inflammation. This is an important 
mechanism for certain bacteria, which after death release endotoxin and (1 3)- -D-
glucan, potent pro-inflammatory agents when inhaled into airways. In general, clearance 
of airborne dusts takes many hours whereas gases such as ammonia or ozone diffuse 
through air and can remain airborne in still air for much longer. Racehorses, who spend 
most of their time (up to 22 hours) in looseboxes, are therefore exposed to aerosolised 
foreign dusts and gases almost continuously and any effects these agents have would 
likely be cumulative. However, it is important to note that these “steady state” dust levels 
do not reflect the true levels to which racehorses are exposed due to large variation 
induced by horse behaviour in loose boxes, horse and human activity in and outside 
looseboxes, and stable ventilation, bedding type and management. This large variation 
in concentrations of dusts can occur within horse looseboxes, between looseboxes in the 
same stable and particularly around the horse’s head. Airborne concentrations of dusts 
in looseboxes, (mostly small fungal and actinomycete spores), regardless of quality of 
ventilation, can be 2-50 times higher when bedding in looseboxes is being changed and 
cleaned. On average, this increase in concentration is higher when horses are bedded 
on straw rather than wood shavings or paper. As well, short periods lying and resting on 
dust rich bedding exposes horses to massive quantities of infectious and non-infectious 
particles. Sweeping laneways or stable corridors, catching and moving horses, delivery 
of feed and bedding to stables, and proximity to roads and urban environments also 
contribute to increasing exposure of horses to airborne dusts.  

 
Work by McGorum et al (1998) gives a good indication of base line levels for dust in a 
pasture management system for horses although the pasture setting was in Edinburgh (UK) 
so dust levels may be low compared with general Australian conditions. It was found that 
total airborne endotoxin concentrations exceeded 20 ng/m3 (0.02 μg/m³) in half the stables 
examined, and that even healthy horses in these environments may be exposed to sufficient 
endotoxin to cause airway inflammation and bronchial hyper-responsiveness.  
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However, as normal horses do not develop detectable pulmonary inflammation or hyper-
responsiveness when housed in conventional stables (Derksen et al, 1985; McGorum et al, 
1993), it is likely that that the minimal total airborne endotoxin concentration causing LRT 
disease in normal horses exceeds 20 ng/m3 (0.02 μg/m³). 
 
Malikides and Hodgson (2003) reported that under normal outdoor circumstances low 
concentrations of endotoxin are inhaled. However, the respiratory tract has efficient defence 
mechanisms to counteract this airborne endotoxin. It is only when high concentrations of 
dusts containing endotoxin are inhaled and deposited within the airways that inflammation 
develops.  
 

3.3 COMPARATIVE AIR QUALITY IN RACING AND BREEDING LOCATIONS 
WORLDWIDE 

In all environments that horses are raised or raced there is a background level of dust. This 
is inevitable due to the agricultural nature of raising horse stock as well as the necessity to 
provide food, bedding and protection from the elements for horses in race training. 
Information on background dust levels experienced by horses as part of their normal 
environment was documented in the literature review.  
 
To date there has been no comprehensive evaluation of dust levels at different geographic 
locations around the world.  Therefore an evaluation of dust levels at various established 
and well recognised racing and breeding locations was undertaken and the report entitled  
“Comparative review of air quality backgrounds near horse breeding and racing areas” 
prepared by PAEHolmes, 2012, is attached as Appendix 2. It was considered important to 
determine dust levels from other horse racing and breeding sites to enable comparison on a 
wider basis and to understand how they compared to the existing climate of the Hunter 
Valley and that of the Project being assessed.   
 
The review evaluated established and well recognised racing and breeding locations within 
Australia and internationally. Locations identified as fitting the criteria included: 

• Australia; 

o Hunter Valley, NSW; 
o Randwick, NSW; and 
o Flemington, Victoria. 
 

• United States of America; 
o Louisville, Kentucky; and 
o Lexington, Kentucky. 
 

• Ireland; 
o Kildare; 
o Tipperary; and 
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o Meath. 
 

• United Kingdom; 
o  Newmarket. 

 
• Saudi Arabia;  
 
• Hong Kong. 

o Sha Tin; and 
o Happy Valley. 

 
Based on this information, background data for particulate matter finer than 10 microns 
(PM10) was determined at monitoring stations close to these sites and are reproduced in the 
Table 2.  

Table 2 
PM10 Annual Average Concentrations 

Location 
2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

2011 

PM10 Annual Average Concentration ( g/m3) 
Saudi 
Arabia 

Saudi Arabia 148 143 137 128 118 112 107 104 - - - 

Hong Kong 
Sha Tin - - - - 53 53 51 50 45 45 - 

Eastern - - - - 49 47 49 46 43 43 - 

Australia 

Footscray - - - - 21 22 20 21 22 - - 

Singleton - - - - - - - - - 20 19 

Muswellbrook - - - - - - - - - 20 19 

Tamworth - - - - - 18 16 16 18 12 13 

Randwick - - - - - 22 18 17 20 16 15 

United 
States of 
America 

Louisville  - - 25 23 26 23 25 22 - - - 

Louisville 2 - - 23 21 24 22 24 21 - - - 

Lexington-Fayette - - 23 21 24 21 23 19 - - - 

Elizabethtown - - 19 18 21 17 - - - - - 

Richmond - - 20 18 21 18 - - - - - 

Ireland 

Cork, Old Station 
Road 

- 24 26 22 19 16 15 16 18 22 - 

Cork, Heatherton 
Park 

- 21 20 19 17 18 17 15 15 18 - 

Dublin, Dun 
Laoghraine 

- - - - - - - 15 15 15 - 

Tipperary, Clonmel - - - 20 19 - - - - - - 

Kildare, Naas - - 17 17 - - - - - - - 

Kildare, Newbridge - - - - - - - - 14 20 - 

Meath, Navan - - - - - - 23 - - - - 

United 
Kingdom 

Newmarket 
Racecourse 

- - - 21 20 17 17 16 16 16 16 
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This review concluded that the majority of horse breeding and racing businesses within 
Australia and internationally operate in similar and comparable PM10 air quality backgrounds, 
typically ranging between 15 and 26 μg/m³. As might be expected, Saudi Arabia and Hong 
Kong, had higher concentrations of between 104 and 148 g/m3 and 53 and 43 g/m3, 
respectively. 
 
This data is important in that it provides a background level of dust that horses currently 
experience during racing and breeding. As noted in the literature review, the level of 
endotoxins attached to the dust is of more importance to equine health. To date, there is no 
data on endotoxin levels from soil in association with potential mining projects. Research in 
this regard is presented in Section 4.2 below. 
 

3.4 NOISE LITERATURE REVIEW 

There are a small number of articles that have evaluated the hearing ability of horses and 
their response to noise. Anecdotal information suggest that horses are very adverse to 
sudden increases in noise and that they are prone to a “flight” response which may result in 
injury to themselves. 
 
One of the more comprehensive studies on hearing in horses was undertaken by Heffner 
and Heffner (1983).  These authors found that when comparing horses with humans, it can 
be seen that while most sounds audible to horses are also audible to humans and vice 
versa, several differences do exist (see Figure 3 below). 
 
Firstly, horses are less sensitive to low-frequency sounds than humans, whose low-
frequency range extends down to 29 Hz (at 60 dBA). Secondly, this difference extends into 
the mid-frequency range from 500 Hz to 8 kHz where it can be seen that humans' lowest 
threshold of -4 dBA at 4 kHz is significantly lower than the horse's lowest threshold of 7dBA 
at 2 kHz. However, above 8 kHz horses are clearly more sensitive than humans, whose 60 
dBA high-frequency hearing limit is 19 kHz.  

November 2012  Environmental Assessment DRAYTON SOUTH COAL PROJECT 15Hansen Bailey

HEquine Health Impact Assessment

N Kannegieter



 
 

Figure 3 
Comparative hearing ability of horses and humans 

 
 
A review of research into the relative hearing ability of a wide variety of animals (in 
Comparative Psychology: A Handbook by Greenberg and Haraway) found that the hearing 
threshold of horses was 5-15 dBA higher than humans – that is, horses are somewhat deaf 
compared to humans. 
 
A more detailed report of hearing in cattle and horses was documented by Heffner and 
Heffner (1983a). They found that horses' hearing ranged from 55 Hz to 33.5 kHz, with a 
region of best sensitivity from 1 kHz to 16 kHz, with a lowest threshold of 7 dBA.  
Audiograms showed a gradual increase in sensitivity as frequency increased to about 500 
Hz. At this point the audiogram levels off, with a range of best sensitivity extending from 1 
kHz to 16 kHz, with a dip in sensitivity at 4 kHz. Above 16 kHz, sensitivity decreases rapidly 
until the upper limit of audibility is reached. Overall, at an intensity of 60 dB, the horses' 
range of hearing extends from 55 Hz to 33.5 kHz.  
 
In low-frequency hearing ability, horses are more sensitive than most other mammals.  At an 
intensity of 60 dBA, the highest frequencies audible were 30 kHz, 38 kHz, and 32 kHz for 
Horses A, B, and C, respectively. These results give the horse an average high-frequency 
hearing limit of 33.5 kHz, a value lower than that of most other mammals. 
 
In summary, horses, cattle, and sheep are more sensitive to low frequencies and less 
sensitive to high frequencies than most other mammals. However, unlike the horse, both 
cattle and sheep possess well-defined best frequencies at which points they are 13-18 dBA 
more sensitive than the horse. 
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Whether these differences are related to the fact that horses are members of a different 
mammalian order remains to be determined. Both horses and cattle do not hear as high as 
most mammals, an observation that coincides with their larger than average interaural 
distance. 
 
The response of horses to loud, unexpected noise, as well as sights and smell, was 
investigated by Christensen et al (2005). During the auditory test, a novel sound (white 
noise, 10–20,000 Hz, 60 dBA) was played as horses approached the feeder. Exposure to 
the novel visual and auditory stimuli elicited significantly increased heart rate (HR) 
responses in the horses, whereas there was no increase in HR to the olfactory stimulus. The 
average HR responses to the different test situations gave a similar picture (control: 52+/-2, 
visual: 57+/-2, olfactory: 51+/-2.72, auditory: 62+/- 2.28) 
 
Time spent eating was negatively correlated with all other variables, i.e. the more time a 
horse spent eating, the less it responded to the test stimulus.  
 
The test stimuli elicited different behavioural responses in the horses and the heart rate 
increased in response to the visual and auditory stimuli, but not to the olfactory stimulus. 
Apart from a significantly reduced eating time in all test situations compared to the control 
situation, it is noteworthy that the behavioural responses to the novel visual and auditory 
stimuli were similar, whereas the responses towards the novel olfactory stimulus differed. 
The horses in the study showed very little adverse locomotion activity in the tests. 
 
The United States National Park Service's 2004 Sheep Report provides a comprehensive 
review of the likely effects of aircraft fly-over noise on animals, with particular emphasis on 
wildlife. The report differentiates between chronic exposure, for which the major concerns 
are related to the animals’ energy conservation, and acute exposure, such as startle and 
panic behaviour. The report advised that “acute responses… occur in most wildlife species 
evaluated at noise levels greater than 95 dBA.” 
 
One other factor to consider is habituation. If the noise is familiar and not associated with 
danger, the animals’ response will become moderated. This is most evident in the (often 
ineffectual) use of scare guns to remove pest species such as cockatoos from crops or 
seagulls from airports. Habituation in horses is commonly seen, for example in horses used 
in large scale performance events and shows as well as police horses. One of the best 
examples was the use of army and cavalry horses in many wars up until the early part of last 
century where horses became accustomed to explosions. 
 
When Flemington Racecourse became the proposed venue for Australia’s largest music 
festival – the Big Day Out – there was concern expressed by the owners of the thoroughbred 
race horses stabled at the racecourse that the horses may react badly to the potentially 
excessive music noise. In order to evaluate the potential impact of this concert on horses 
stabled at the site, a comprehensive noise impact study was undertaken (Huybregts 2008).  
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The noise exposure (LAeq,15 minutes) of horses during major race events was measured at 
58-62 dBA in the stables (rising to 66-68 dBA during helicopter flyovers), and 65-70 dBA in 
the stalls. The Clerk of the Course’s horse was exposed to 76 dBA LAeq, 6h at Randwick 
Racecourse during the New Easter Carnival and 85 dBA LAeq, 6h at Flemington during the 
Melbourne Cup. Results of the noise monitoring near the stables showed that on non-race 
days, the LAeq, 15 minutes noise levels were in the range 50-65 dBA during the day. On 
race days, noise levels were about 51-68 dBA. 
 
During the Big Day Out, the noise exposure (LAeq, 15 minutes) of horses in the stables was 
measured at 54-70 dBA. The horses generally showed little response to the music noise 
except when the noise was associated with visible stimuli, or when the noise was of an 
alarming character such as short bursts of high-pitched singing. 
 
The figures below show the noise levels experienced in the stalls and by the clerk of the 
course horse. These show many sudden changes in noise levels, peaking at 100 dBA.   
 
Figure 4 (below) shows the measured noise levels in the stalls. Noise levels (LAeq, 15 
minutes) were in the range 64-70 dBA. Figure 5 (below) shows the noise exposure of Yotis, 
the Clerk of Course’s horse, moving between stalls, the pre-mounting yard, the mounting 
yard and the race track for the whole event. Noise levels (LAeq,15 minutes) were in the 
range 69-84 dBA. The LAeq,6h noise level for the whole of the measurement period was 76 
dBA. 
 

Figure 4 
Measured Noise Levels in the Stalls 

 
(Huybregts 2008) 
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Figure 5 
 Noise Exposure of Yotis, a Clerk of the Course horse 

 
(Huybregts 2008) 

 
 
 

Figure 6 
 Measured Noise Levels Melbourne Cup Day 

 

 
(Huybregts 2008) 
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Figure 7 
 Noise levels in stables during the Big Day Out 

 
(Huybregts 2008) 

 
The Huybregts report (2008) considered: 

 That the circumstances of the exposure to concert noise would be somewhat 
unfamiliar; 

 That the noise would not be associated with any danger and if there is any initial startle 
responses, habituation may occur quickly; and 

 That the horses at the two race events investigated were exposed to “average” noise 
levels of 65-70 dBA in the stalls and 70-90 dBA when moving in and out of the stalls. 

 
They concluded that while definite recommendations regarding criteria for the exposure of 
thoroughbred horses to noise could not be provided, it was felt that some kind of threshold 
level would be useful. In summary they advised … “it appears that use of Flemington 
Racecourse as a concert venue would be acceptable provided that the LAeq noise level in 
the stables did not exceed 65 dBA.” 
 
This was combined with recommendations that: 

 Fireworks or other activities causing loud bangs should not be permitted; and 
 Noise levels should be monitored in the stables to confirm that the LAeq noise levels 

do not generally exceed 65 dBA. 
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3.4.1 Environmental Noise in Other Horse Populations 

Horses are subject to high noise levels in a number of different environments. One of the 
most extreme locations is at Clarendon, NSW which is the location of a large RAAF base. 
Planes land and take off at irregular intervals and the noise and vibration is excessive, The 
Hawkesbury Equine Veterinary Centre is directly across the road from the base. Despite the 
loud noise and vibration even horses that are recently introduced to the clinic environment 
display no ill effects.  Hawkesbury race course is also in very close proximity and horses 
stabled in this location, and those arriving to race at the track, also cope without any adverse 
effects. 
 

3.5 VIBRATION LITERATURE REVIEW 

There is little scientific data regarding the effect of ground vibration on equine health. While 
little is known of the effects of ground vibration, there have been many studies evaluating the 
effects of whole body vibration (WBV) in people and animal models (Crewther et al 2004). 
There is a growing body of evidence, both anecdotal and scientific, which suggests that 
WBV can be used as a performance-enhancing tool. In most studies it has been found that 
vibration can positively influence maximal strength, force output, power output and vertical 
jump height. The use of WBV has been found effective in the prevention of bone loss and/or 
increasing bone density within various animal models. Considering its stimulatory effect 
upon bone, this tool may be a potential treatment for osteoporosis and other related bone 
disorders. 
  
Using animal models it has been shown that low level vibration can double bone formation 
rates, inhibit disuse osteoporosis and increase the strength of trabecular bone by 25% 
(Rubin et al 2001). Considering that the magnitude of these mechanical signals are several 
orders of magnitude below those which cause damage to the bone tissue, it was proposed 
that this modality could be useful in the treatment of metabolic bone diseases. 
 
A comprehensive review of investigations in the literature provided evidence of the 
effectiveness of WBV in enhancing skeletal mass in the elderly, in individuals with low-bone 
mineral density, and adolescents (Prisby et al 2008). 
 
More recently Mikhael et al (2010) in an extensive review of the literature regarding WBV felt 
there was some indication that high-frequency mechanical strain elicited by WBV may have 
an anabolic effect on bone and muscle. They reported that the inconsistency in study design 
made comparison of results difficult but that further research was warranted.  
 
The amount of vibration associated with intermittent blasting that might be experienced by 
horses close to the Project would seem to be less than that which may be experienced by 
animals during transport. Unfortunately, little objective work has been done to evaluate any 
potential effects (Randall, 1992). Given that horses are regularly transported long distances 
in both planes and motor vehicles without any ill effects or concern, it is likely that vibration 
from blasting will also cause no concern to horses in the area.  
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The potential advantages documented in human and animal models have prompted a 
number of companies to promote the benefits of vibration therapy for horses. One such 
company is “Vitafloor” (http://dutchdreamhorses.com/products/vitafloor) which produces 
vibrating surfaces for horses to stand on. The company advises as follows: 
 
RESEARCH & TESTING 
The Swedish University of Agricultural Sciences (SLU) in Uppsala has carried out extensive 
research and testing programs on the Vitafloor ® since 2003, with close consideration 
towards possible negative side-effects, of which none were found. 
 
Since becoming commercially available in 2005, some 100 Vitafloors® have been used in 
barns to help horses reach their full potential and to assist in the recovery from acute or 
chronic problems. In all cases, the rehabilitation time was quicker, and more successful than 
usual. Remarkably, with horses in absolute box rest no colic occurred (always consult your 
vet in case of colic). 
 
FACTS 
1.Vibration training is the only treatment with a documented positive effect on osteoporosis 
(brittle bones). 
2.Increase of bone density by up to 20% (human study). 
3.Vibration training stimulates the entire blood circulation. 
4.Vibration training demands energy and burns fat. 
5.Vibration training raises production of testosterone. 
6.Significant muscle power increases after only 10 minutes per day for 10 days on the 
Vitafloor®. 
7.Horses trained on the Vitafloor® can accelerate faster from standstill and develop more 
spring in their stride. With trotters, elasticity and flexibility increase. 
8.Tests show it has a positive effect on the warming up, as well causing less energy to be 
needed for the transition into trot. 
9.The Vitafloor® benefits and shortens the recovery processes, especially of tendon injuries. 
 
ADVANTAGES 
1.Shorter training duration and less man hours necessary for power, flexibility and stamina 
training. 
2.Less risk for rip and fracture of muscles, tendons and bone. 
3.Competitive advantage of gaining greater acceleration with less energy consumption. 
4.Helps in the prevention and treatment of colic 
5.Helps in the treatment of laminitis and silicosis 
6.Stimulates more rapid hoof growth – important for horses with hoof problems 
7.Enables horses to continue rehabilitation without supervision, thus less labor-intensive. 
8.Suitable and effective for rehabilitating horses on box-rest or too difficult in hand. 
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Unfortunately, the work undertaken by the Swedish University quoted does not appear to 
have been published in the scientific literature. However there may be beneficial effects from 
low grade whole body vibration which makes it even more unlikely that the vibration from 
blasting will have any detrimental effect on equine health. 
 
Due to its irregular and intermittent nature, it is not suggested that the vibrations from mine 
blasting will have any measurable positive benefits to nearby horses. However, provided that 
the impacts of mine blasting are carefully managed so that blasting does not startle grazing 
or stabled horses, it is not envisaged that any detrimental effects should be encountered.   
 
 
  

November 2012  Environmental Assessment DRAYTON SOUTH COAL PROJECT 23Hansen Bailey

HEquine Health Impact Assessment

N Kannegieter



 
 

4 ASSESSMENT AGAINST PREDICTED PROJECT DUST 

4.1 EA AIR QUALITY ASSESSMENT 

As part of the Environmental Assessment for the Project, PAEHolmes completed an Air 
Quality and Greenhouse Gas Impact Assessment (the EA Air Quality Assessment) which 
characterised the existing baseline air quality for the project site and surrounding areas and 
undertook regulatory dispersion modelling to predict future ambient air quality during the 
Project life.  As part of the equine health impact assessment, the findings of the EA Air 
Assessment have been reviewed and included in this report for discussion where relevant. 
 

4.1.1 Existing Baseline Air Quality 

As part of the EA Air Quality Assessment, background air monitoring data collected over the 
last 10 years was reviewed and incorporated into the report for the purpose of characterising 
the existing baseline air quality for the area.  The locations of the monitoring sites are shown 
on Figure 8 with the results presented in Table 3.  From the results in Table 3 it can be 
seen that the Llanillo site (HV2a), which is closest to the horse studs, recorded an average 
PM10 concentration of 25 μg/m3 over the monitoring period from 2000 to 2011. During this 
time the measured level ranged from 12 to 42 μg/m3. 
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Figure 8 
 Monitoring Locations (Figure 4-1 from EA Air Quality Assessment) 
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Table 3 
TSP and PM10 annual average concentrations (μg/m3) (Table 4.2 from EA Air Quality 

Assessment) 

Year 
Edderton 

(HV4) Llanillo (HV2a) Jerrys Plains School 
(HV5) LOT 9 LOT 9 

TSP TSP PM10 TSP PM10 PM10 TSP 

1998 31 - - - - - - 

1999 32 - - - - - - 

2000 30 38 17 - - - - 

2001 35 44 15 32 19 - - 

2002 44 53 39 49 22 - - 

2003 46 58 31 42 31 - - 

2004 42 43 32 38 25 - - 

2005 45 46 37 42 14 21 50 

2006 61 59 42 52 15 27 - 

2007 43 51 20 49 18 31 68 

2008 50 43 16 58 17 23 52 

2009 45 49 24 55 15 26 63 

2010 37 35 14 42 15 - 50 

2011 35 32 12 38 13 - 44 

Average all data 41 46 25 45 17 26 54 

Of interest are Figure 9 and Figure 10 which show PM10 24hr values from 2001 to 2012 at 
Llanillo and Jerrys Plains School, both of which are relevant to the studs. There are many 
readings that were above 100 μg/m3 with a maximum of approximately 165 μg/m3 in 2003 at 
Llanillo and 190 μg/m3 at Jerrys Plains School. It is noted in this report that the data 
suggests that higher 24-hour concentrations are generally recorded at HV2a.  The Llanillo 
(HV2a) monitor is located near a cultivated site and is being moved to a more representative 
location. Even if this is the case, the PM10 levels are probably representative of the 
conditions currently experienced by horses in the district.  
 
The background PM10 data highlights the high levels of dust exposure that can be 
experienced in this area.  
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Figure 9 
PM10 Concentration at Llanillo (HV2a), 2000-2011 (Figure 4-6 from EA Air Quality 

Assessment) 

 
 

Figure 10 
PM10 Concentration at Jerrys Plains School (HV5), 2001-2011 (Figure 4-7 from EA Air 

Quality Assessment) 
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4.1.2 EA Air Assessment Predictions 

From the EA Air Quality Assessment (Table 8.5) it is predicted that the Project will result in 
small increases in the annual average PM10 levels of less than 1 μg/m3 at Darley receivers 
and generally less than 3 μg/m3 at Coolmore receivers (apart from one location (227F), that 
will experience increased PM10 of up to 10 μg/m3). Representative receivers and monitoring 
locations are shown on Figure 12. 
 
Table 4 provides a summary of the days predicted to exceed 50 μg/m³ during the worst case 
year of year 10 for Project alone and cumulative. The worst affected residence in the 
location of the studs is property 226B on Arrowfield Estate. From the equine literature review 
it is noted that a maximum recommended level of respirable dust in stables should be 230 
μg/m³, while levels of 80-170 μg/m³ are considered normal for a paddock. Based on the 
worst case scenario on Coolmore at site 227F, the EA Air Quality Assessment predicts that 
as a result of the Project alone the maximum 24hr PM10 concentration from the Project will 
be 52 μg/m³. This is only predicted to be exceeded for 1 day during the year.  Cumulative 
levels above 50 μg/m³ are predicted to occur 53 days of the year taking into account other 
sources.  No exceedance of the cumulative criteria of 150 μg/m³ are predicted. Based on 
this there should be no risk to pastured horses from combined mine and background PM10 
even if the worst case scenario occurred on a regular or even daily basis.  The annual 
average results show that the dust levels will generally be below 30 μg/m³ at all locations on 
Coolmore and Darley. 
 

Table 4  
Summary of days exceeding 50 μg/m3 – Year 10 project alone and cumulative (Table 

8.4 from EA Air Quality Assessment) 

Receptor 
ID 

Maximum predicted 
PM10 24-hour 

concentrations

Predicted number of days exceeding 50 
μg/m3 cumulative criteria 

Predicted number of 
days exceeding 150 
μg/m3  Acquisition 

criteria 

Project Alone Project Alone Cumulative Cumulative  

Units μg/m3 Number of days Number of days Number of days 

57 69 4 44 0 

58A 79 11 92 0 

145A 31 0 37 0 

226B 106 23 102 0 

226D 72 3 50 0 

227A 43 0 30 0 

227F 52 1 53 0 

240A 26 0 26 0 

250A 30 0 27 0 

209 21 0 11 0 

217 27 0 12 0 

410 23 0 12 0 

411 23 0 12 0 
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The worst case scenario for the paddocks at Coolmore and Darley would seem most likely to 
occur around Year 10 of the Project, as seen in Figure 11 below. This indicates that there 
may be increases of between 10 and 25 μg/m³ on some days of the year and up to 50 μg/m³ 
in the northern most paddocks for one day of the modelled year.  It is noted in the EA Air 
Quality Assessment that these occurrences are only predicted for 1 day in the modelled year 
and that it is proposed that the worst case impacts would be managed on a day to day basis 
using a network of real-time monitoring stations, which will enable mine personnel to 
respond to high dust levels prior to reaching worst case predicted levels by modifying 
activities and / or increasing controls as required.  
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Figure 11 
Predicted 24-hour average PM10 concentrations due to emissions from Drayton South 

only - Year 10 (Figure 8-4 from EA Air Quality Assessment) 
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Figure 12 
Representative receivers and monitoring locations (Figure 8-8 from EA Air Quality 

Assessment) 

 
 

4.1.3 Comparative Dust Levels from Literature Review, Worldwide and the Project 

Based on the findings from the literature review, a recommended maximum value for 
inhalable dust in a stable is thought to be in the order of 2.5 to 3.0 mg/m3 (2500-3000 μg/m³). 
Concentrations of respirable dust in stables range from 0.15 to 9.28 mg/m3 (150–
9280 μg/m³) with a recommended maximum value of 0.23 mg/m3 (230 μg/m³) (Cargill 1999). 
Total dust concentration in normal pasture environment for horses has been measured at 
0.17  mg/m3 (170 μg/m³), respirable dust at 80 μg/m³ and endotoxin levels of 0.00129 μg/m³ 
in total airborne dust (McGorum et al, 1998). 
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Airborne concentrations of dusts in looseboxes, mostly small fungal and actinomycete 
spores, regardless of quality of ventilation, can be 2-50 times higher when bedding in 
looseboxes is being changed and cleaned. 
 
A summary of dust levels from the dust literature review and the EA Air Quality Assessment 
is provided in Table 5. This comparison shows that at all stages of the Project and in all 
locations on both Coolmore and Darley Studs, the levels of dust predicted to be experienced 
by horses will be less than that which has been recommended for stable horses. This is less 
than that found in some other studies at pasture and is far less than would be experienced in 
a normal stable setting. This includes stables in a training environment as well as those that 
are located on the studs. 
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Table 5 
Comparative Data from Literature Review and Air Quality Review 

Activity Inhalable dust  
μg/m³ 

Respirable dust  
μg/m³ 

Author 

Preparing feed 14970 1080 Reed et al 2006 
(Australia) 

Conventional stable 
 
In pasture 

2190-5480 
 
80-170 
 

440-2200 
 
80-170 

McGorum et al 1998 

Stables sawdust 
Straw bedding 

397 
606 

 Banhazi et al 2002 
(Aust) 

Stables 1130  Banhazi et al 2002 
(Aust) 

Stable Cleaning 1200-2810  Davidson 2004 
(Aust) 

Stables 410-20,000  Ghio et al 2006 

Breathing zone, 
stabled horse 

17510 9280 Woods et al 1993 

Stable 200-17200 150-9280 Cargill 1999 

Maximum 
recommended level 
stables, 
Europe  

2500-3000 230 Cargill 1999 

Coolmore, Darley 
existing residences, 
PM10 

 Annual average - 25 
(12-42)  
 
24hr – max approx. 190 

PAE Holmes 2012 

Projected annual 
average increase 
Project only, worst 
case 
Yr 15  

 1 (Darley residences) 
3 (Coolmore residences 
except 227F) 
10 (Residence 227F) 
0-5   generally pasture 
5-10 (small area north 
Coolmore) 

PAE Holmes 2012 

Predicted cumulative 
PM10 (Project and 
background)  

 28 (Annual average 
PM10) at 227F 
 

PAE Holmes 2012 

Hong Kong   PM10      43-53 PAE Holmes 2012 

Saudi Arabia   PM10     104-148 PAE Holmes 2012 

Randwick  PM10    15-22 PAE Holmes 2012 

Lexington USA  PM10     19-24 PAE Holmes 2012 
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The issue of the possibility of an increased risk of transmission of disease due to higher dust 
levels has been addressed more fully in the equine literature review. In the Hunter Valley, 
Rattles (Rhodococcus equi) would be considered the most serious potential problem. As 
manure from “carrier” mares is the primary source of Rattles and no horses have been on 
the land associated with the Project for some considerable time it is considered there should 
be no risk of an increased incidence of Rattles in foals arising from the Project.  
 

4.1.4 Conclusions on Predicted Dust 

The additional dust levels predicted to be generated by the Project will be a small increase 
on the current levels and are still well below levels experienced by horses, including adults 
and foals, in a stable environment (both at the studs and while in race training).  The 
increased levels are still approximately equivalent to those found in Lexington, Kentucky, 
USA and far less than those which occur in Hong Kong and Saudi Arabia.  
 
Short term increases in dust levels well above those predicted would be well handled by the 
equine population on the studs and any dust that is inhaled should be rapidly cleared with no 
adverse effects. This would apply to horses permanently residing on the properties and 
those visiting temporarily.  
 
There is no apparent increased risk of transmission of diseases such as Rattles as there will 
not be any of the infecting bacteria in the soil of the Project. Foals and yearlings on the 
properties are routinely stabled either as a result of illness, for management purposes or for 
training and are therefore exposed to high dust levels on a regular basis. There will be no 
increase in risk to foals or yearlings from disease or from the physical impact of dust 
inhalation as a result of the Project. 
 
Based on the equine health literature review dust levels experienced by horses are likely to 
be much higher in a stable environment. All horses produced by Darley and Coolmore are 
intended for a racing career so that the dust levels they will be exposed to during their career 
will be very high. The increased dust levels should result in no additional health or 
production problems for any of the horses on these studs.   
 

4.2 ENDOTOXIN ANALYSIS 

Endotoxins are bacterial structural components that are released when such a cell is lysed. 
These components are toxic if administered to humans and/or animals, causing a pyrogenic 
response (rise in body temperature). One of the important findings from the literature review 
was that the major cause of adverse effects from dust exposure in any environment is not 
the particulate matter as such but the endotoxins, bacteria and fungi that is attached to the 
particulate matter. While dust alone is relatively inert and rapidly expelled by the horse, 
endotoxins trigger an immediate inflammatory reaction that can result in varying severities of 
lower respiratory tract disease.  
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There are high levels of endotoxin present in stables so it was considered important to 
determine endotoxin levels in the dust which horses might be exposed to as a result of the 
Project.  
 

4.2.1 Sampling protocol 

In order to determine the levels of endotoxin that are present in the soils that will be 
disturbed by the Project a range of samples were collected and analysed for endotoxin 
levels.   
 
Sampling for endotoxin analysis involved the following: 
 Topsoil – Collection of at least 10g of soil (free of manure or organic matter) from 

representative areas within the Project Boundary; 
 Dust Deposition – Collection of available dust from gauges 
 High Volume Air Sampler (HVAS) – Provide filter papers for lab to analyse PM10. 

 
The following samples were collected:  
 
Topsoil samples: 
 Site 1 - Plashett Ridge 
 Site 2 – HVAS Ridge 
 Site 3 – Stockyards Ridge 
 Site 4 – Plashett HVAS site 

 
Dust samples 
 D8 (Dust Deposition gauge) 
 D11 (Dust Deposition gauge) 
 D12 (Dust Deposition gauge) 
 Plashett HVAS paper 

 
By knowing the predicted dust levels generated by the Project (as discussed in Section 
4.1.2) an estimate could be made of potential exposure to endotoxins by horses in the 
paddocks near to the Project. 
 

4.2.2 Methodology 

Background 
There are several methods available for conducting the endotoxin test, which include the in 
vivo rabbit pyrogen test and several in vitro alternatives that utilize the Limulus Amebocyte 
Lysate (LAL) system.  The latter has become the method of choice, which can be 
accomplished by various options including gel clot, kinetic chromogenic and kinetic 
turbidetric assays. This is done by extracting the test product with pyrogen-free water (PFW) 
and testing for the presence of endotoxin in the extracts.  The method used for this 
assessment was the kinetic chromogenic method.  
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Kinetic Chromogenic Method 
The kinetic chromogenic method involves an enzymatic reaction between the endotoxin and 
lysate which results in the production of a yellow colour in the presence of endotoxin. The 
intensity of the colour production is directly linked to the quantity of endotoxin present in the 
sample.  The laboratory analysis was undertaken by AMS Laboratories.   
 
The method used for the current testing is shown below: 

 
 

4.2.3 Results of Endotoxin Testing 

The results of the endotoxin analysis for soil and dust samples collected from the Project site 
are presented in Table 6. 
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Table 6 
Results of Endotoxin Testing from Project Site 

Location EU/g EU/ g Approx. ng/mg Approx. ng/ g 

Site 1 - Plashett Ridge 

 

189.337       0.000189 0.0189 0.0000189 

Site 2 – HVAS Ridge 167.591 

 

0.000168 0.0168 0.0000168 

Site 3 – Stockyards 
Ridge 

403.321 

 

0.000403 0.0403 0.0000403 

Site 4 – HVAS 

 

353.152 0.000353 0.0353 0.0000353 

Average 278.35 0.000278 0.0278 0.0000278 

 

HVAS filter paper 

Plashett PM 10 27/3/12 

<300 EU/filter 
paper* 

   

Plashett TSP 27/3/12 3102 EU /filter 
paper# 

   

Dust residue sample 
D3B (D11)  

14.691 EU/mg 

 

14691 EU/ 
gram   

 

 

0.014691 

 

 

 

 

1.4691 

 

 

0.0014691 

Dust Residue sample 
D12 

<5 EU/mg*    

Dust Residue sample 
D12 

<5 EU/mg*    

*Indicates levels less than limit of detection 
# Insufficient dust on filter paper to weigh 

 
It is difficult to directly compare results as different studies report findings as either EU/m3 or 
as ng/ m3. Depending on the source of the endotoxin, the conversion from endotoxin units to 
nanograms will vary. The United States Food and Drug Administration (FDA) initially defined 
the Endotoxin Unit (EU) as the endotoxin activity of 0.2 ng of Reference Endotoxin Standard 
(RSE), EC-2 or 5 EU/ng. To convert the current FDA RSE, EC-6 from EU’s into ng, the 
conversion is 10 EU/ng. McGorum et al (1998) used a conversion rate of 12 EU per ng. In 
this report a conversion rate on 10EU/ng was used.  
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Based on the levels of endotoxin in soil and the amount of dust that horses will potentially be 
exposed to, an estimate can be made as to the amount of endotoxin exposure that might 
occur. Using the worst case 24hr PM10 level of 52 μg/m3 from the Project at receiver 227F 
(on Coolmore) in year 10 and using the average endotoxin level of 0.0000278 ng/ g derived 
from the initial four sampling sites (see Table 6) this would equate to endotoxin levels of 
approximately 0.00145 ng/m3 in the PM10 fraction of dust.  Assuming the highest annual 
average PM10 level predicted at 227F (28 μg/m³ in year 10) the annual average endotoxin 
levels would be approximately 0.00078 ng/m3. 
 
At site D3B (D11) there was considerably more endotoxin in the dust samples than at other 
sites. The reasons for this are unclear and repeat sampling over a period of time would be 
required to provide greater accuracy. However even at this higher level, the endotoxin levels 
of dust would still only be approximately 0.076 ng/m3 in a worst case scenario at site 227F 
on Coolmore in year 10. The levels of exposure in the remaining properties for the duration 
of the Project will be far less than this upper level. 
 
These results are lower than those obtained by McGorum et al (1998) who reported levels of 
airborne endotoxin levels in respirable dust at pasture of 0.04 to 0.16 ng/m3.  
 
The levels are far lower than those reported by Reed et al (2006) in other environments 
(horse feed sheds had 66 EU/m3 for example) while Eduard et al (2001) reported levels of 
13 x 103 EU/m3.   
 
Berndt et al (2010) found that inflammatory airway disease was common in stabled horses, 
with a prevalence of 17.3% in Michigan pleasure horses. This was a result of stable dust that 
was rich in endotoxin and which may induce neutrophilic airway inflammation. In this study 
endotoxin exposure was about 8 times higher in stables than on pasture. Mean values 
obtained of endotoxin concentrations in the breathing zone of stabled horses was 7.08 x 103 
EU/m3 and for horses on pasture was 0.85 x 103 EU/m³.  On pasture, endotoxin varied 
widely, despite constant climatological conditions. It was suggested that manure was a 
primary source of endotoxin in both stables and at pasture. 
 
Levels of endotoxin in horse stables were found to be generally less than 0.1 μg/m³ 
(Dutkiewicz et al., 1994), the “cut-off” for OH&S purposes, but in other studies, levels were 
reported ranging from 7.52 to 60.53 ng/m3 (0.00752 - 0.06053 μg/m³) in total dust and 1.25 
to 11.27 ng/m3 (0.00125 – 0.01127 μg/m³) in respirable dust (McGorum et al, 1998). 
 
In the latter studies, concentrations of airborne endotoxins were considerably higher in 
conventional stables than in “low dust stables”, which are hay and straw free environments. 
In the conventional stables levels in total dust samples ranged from 7.52 to 60.53 ng/m3, 
(0.00752 - 0.06053 μg/m³) compared with 2.12 to 17.41 ng/m3 (0.00212 - 0.01741 μg/m³) in 
low dust stables. The concentrations in respirable dust were 1.25 to 11.27 ng/m3 (0.00125 – 
0.01127 μg/m³) and 0.09 to 0.56 ng/m3 (0.00009 – 0.00056 μg/m³) respectively.  
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By comparison, concentrations of endotoxins in a pasture paddock at least 50 metres from 
the nearest hay ranged from 0.25 to 1.57ng/m3 (0.00025 - 0.00157 μg/m³) and 0.04 to 0.16 
ng/m3 (0.00004 - 0.00016 μg/m³) respectively. 
 

Table 7 
Endotoxin levels in equine environment and from the Project 

Location Endotoxin level ng/m3 Reference 

Paddock  0.04 to 0.16  McGorum et al (1998) 

Total dust  7.5 to 60.5 McGorum et al (1998) 

Respirable dust  1.25 to 11.27 McGorum et al (1998) 

Feed shed 6.6 (approx.) Reed et al (2006) 

 1300 (approx.) Eduard et al (2001) 

Breathing zone stable 708 Berndt et al (2010) 

Breathing zone pasture 85 Berndt et al (2010) 

Cleaning stables 5-8.2 Davidson 2004 

Stables 20–9846 Samidi et al 2009 

Min level likely to cause 
respiratory disease in 
horses 

>20 McGorum et al (1998) 

Drayton South Project  

 

Worst case 

 

Average  

 

 

0.076 

 

0.00078 

AMS/Kannegieter 2012 

 

4.2.4 Conclusion Regarding Endotoxin 

Given that the minimal total airborne endotoxin concentration likely to cause lower 
respiratory tract disease in normal horses most likely exceeds 20 ng/m3 (0.02 μg/m³) 
(McGorum et al, 1998) and the worst case scenario as a result of this Project would be 
approximately 0.076 ng/m3 then it seems highly unlikely that there will be any effect on horse 
health as a result of inhalation of endotoxin associated with dust that might arise from the 
Project. This would apply to horses of all ages as well as those both permanently on the 
properties and those visiting temporarily.  
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The more likely worst case exposure to horses on Coolmore and Darley horse studs is 
exposure to approximately 30 μg/m3 of PM10 dust in any 24 hr period (from Table 8.1 of the 
EA Air Quality Assessment) which would equate to approximately 0.001 ng/m3 using the 
highest level of endotoxin or 0.0008 ng/m3 using average endotoxin levels. Both values are 
well below the 20 ng/m3 threshold suggested by McGorum et al (1998).  
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5 ASSESSMENT AGAINST PREDICTED PROJECT NOISE 

As part of the Environmental Assessment for the Project Bridges Acoustics completed an 
Acoustics Impact Assessment (the EA Acoustics Assessment) which characterised the 
existing baseline noise environment for the Project site and surrounding areas and 
undertook modelling to predict future ambient noise during the mines development.  This 
report also included an assessment of blasting and vibration impacts as a result of the 
Project.  As part of the equine health impact assessment, the findings of the EA Acoustics 
Assessment have been reviewed and included in this report for discussion where relevant. 
 

5.1 EXISTING BASELINE NOISE LEVELS 

As part of the EA Acoustics Assessment background noise monitoring was undertaken at 
key locations surrounding the Project for the purpose of characterising the existing baseline 
noise levels for the area.  From the results of the background noise monitoring, the adopted 
rating background levels were able to be determined for each of the key receiver areas 
surrounding the Project.  The adopted rating background levels as presented in the EA 
Acoustics Assessment are provided in Table 8.  It should be noted that Coolmore Stud is 
covered by the results for Receiver group C whereas Darley’s Woodlands Stud is covered by 
receiver group D. 
 

Table 8 
Adopted Rating Background Levels (Table 7 from EA Acoustics Assessment) 

Receiver Area 
Rating Background Level, LA90,15min 

Day Evening Night 

Receiver Group C 
M1 – Jerrys Plains and surrounds 

M2 – Coolmore Stud 
35 33 33 

Receiver Group D 
M3 – Woodlands Stud, private properties 

M4 – private properties 
30 30 30 
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5.2 EA ACOUSTIC ASSESSMENT PREDICTIONS 

From the EA Acoustics Assessment, it is predicted that there will be increases in ambient 
noise levels as a result of the Project (between 5 – 10 dBA above background levels) over 
relatively small parts of Coolmore Stud and the Darley owned Woodlands Stud.  The areas 
where these increased noise levels have been predicted are the higher slopes and back 
country located to the north-west on Coolmore Stud land and north east on Woodlands Stud 
land.  Figure 13 shows the worst case noise envelope for all modelled years for prevailing 
meteorological conditions during the evening/night.   
 
As can be seen on Figure 13, for the vast majority of land associated with these two 
properties, there will be no noticeable increases in background noise levels as a result of the 
Project.  
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Figure 13 
Worse Case Noise Envelope for all Modelled Years 
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5.3 CONCLUSIONS REGARDING NOISE 

Equine hearing is similar to humans although less sensitive. As a guide it is probable that 
horses are slightly deafer, with hearing approximately 15 dBA less sensitive than humans. In 
light of this, human guidelines regarding noise will have some relevance; however horse 
reaction to noise in terms of rest and productivity is unknown.  
 
Given that the noise levels are not predicted to exceed 40 dBA at any locations on  
Coolmore or Darley owned land, it is not expected that noise levels will have any impact on 
the equine population. For the most part at both Coolmore and Darley there will be no 
noticeable increases in background noise levels as a result of the Project, with only small 
areas on the northern borders increasing to 35 dBA and even smaller areas to 40 dBA for a 
short period of the Project’s duration (around year 5 and 10).  
 
As such the anticipated noise levels over the vast majority of both properties will remain as 
they are currently (between 30-33 dBA) with no noticeable increases in background noise as 
a result of the Project.   
 
The anticipated noise levels predicted from the Project in any case are far less than those 
experienced by horses in a stable environment and much less than that on race day when 
noise levels can approach 90 dBA in stalls close to major grandstands during the running of 
each race. This peaking of noise at high levels would generally be considered the most 
unsettling for horses. However in the majority of cases horses can tolerate sudden increases 
in noise well, particularly once they have become accustomed to it. 
 
Foals born during the duration of the Project will be accustomed to any noise from the 
Project as they mature. Mares and foals visiting the properties temporarily will have been 
exposed in transit to noise levels much higher than are predicted to arise from the Project 
and should not be affected by any slight increase in noise.  
 
As the resultant overpressure (or noise from blasting) will gradually (over 27 years) advance 
towards the horse receptors and blast over pressure is well regulated and limited to human 
amenity levels it is considered that horses will assimilate and not be stressed by this activity.   
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6 ASSESSMENT AGAINST PREDICTED VIBRATION 

The EA Acoustics Assessment also included an assessment of blasting and vibration 
impacts as a result of the Project.  As part of the equine health impact assessment the 
findings of the EA Acoustics Assessment have been reviewed and included in this report for 
discussion where relevant. 
 
Table 9 shows calculated ground vibration and overpressure levels for closest blast events 
for two representative receiver locations on both Coolmore and Darley, taking into account 
topographical or other shielding between the blast site and the receiver where relevant.  
Results have been calculated assuming blasting in the closest part of the mine to each 
location in the absence of mitigation measures, and are therefore representative of worst 
case impacts.   
 

Table 9 
Predicted Blast Effects for Locations on Coolmore and Darley, No Mitigation 

MIC, kg 500 1000 1500 2000 500 1000 1500 2000 Criteria 

Receiver (closest distance) Ground Vibration, mm/s Overpressure, dBL mm/s, dBL
Coolmore Stud          

227 Coolmore Office, 1610m * 1.2 2.1 2.9 3.7 103 106 108 109   5, 115 
Strowan Homestead, 3550m 0.3 0.6 0.8 1.0 98 101 103 104   5, 115 

          
Woodlands Stud          

Woodlands Homestead, 5400m 0.2 0.3 0.4 0.5 93 96 97 99   5, 115 
Randwick Homestead, 3130m 0.4 0.7 1.0 1.3 100 102 104 105   5, 115 

* Overpressure level has been reduced by 5 dBL due to significant topographical shielding. 
 
Results in Table 9 indicate blast effects should be acceptable at all residential receivers on 
the Coolmore and Darley properties with a Maximum Instantaneous Charge of up to 2000kg. 
Anecdotal evidence including that from the Muswellbrook Racecourse and its stable facilities 
(located adjacent to the Bengalla Mine) would suggest that these levels of impact should not 
startle either grazing or stabled racehorses of any age.   
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7 RECOMMENDATIONS 

As it is anticipated that the Project will have no adverse impact on equine health, it is 
considered that few specific recommendations are required. Ensuring that dust levels 
correlate with projected outcomes throughout the duration of the Project would be 
considered important as well as assessing the response to the effects of blasting.  Specific 
recommendations are as follows: 
 

7.1 DUST 

 Real-time monitoring of dust levels and regular consultation with Darley and Coolmore 
throughout the duration of the Project; 

 The real-time monitoring and proactive dust management system approach would 
enable Anglo American to pro-actively manage the short-term impacts of the Project 
(24hr PM10) and minimise dust impacts at sensitive residences to the greatest practical 
extent.   

 

7.2 NOISE 

 No recommendations specific to horse health are considered necessary. 
 

7.3 VIBRATION 

 An agreed regime of representative blasts should be monitored, at representative 
locations on both Coolmore and Woodlands Stud over time to determine if or when 
horses begin to respond to overpressure or vibration.  Additional and agreed visual 
monitoring should then occur to confirm if reactions are ongoing or they dissipate.  In 
the event that there becomes a threshold level where horses are startled, this should 
become a limiting factor in blast design. 

 
A Blast Management Plan recommended for the Project should include relevant criteria, 
management measures and monitoring strategies to ensure ongoing compliance with 
adopted blast criteria and minimise reaction from horses to blast events based on the above 
recommendations. 
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8 CONCLUSIONS  

8.1 DUST 

8.1.1 EA Air Assessment 

The additional dust levels expected to be generated by Project will be a small increase on 
the current levels and still well below levels experienced by horses in a stable environment 
(both at the studs and while in race training).  The increased levels are still approximately 
equivalent to those found in Lexington, USA and far less than those which occur in Hong 
Kong and Saudi Arabia.  
 
Short term increases in dust levels well above those predicted would be well handled by the 
equine population of all ages on the studs and any dust that is inhaled should be rapidly 
cleared with no adverse effects. This would apply to horses permanently residing on the 
properties and those visiting temporarily. There is no apparent increase risk of transmission 
of diseases such as Rattles as there will not be any of the infecting bacteria in the soil of the 
Project. There will be no increase in risk to foals or yearlings from either disease or the 
physical impact of dust inhalation as a result of the Project. 
Based on the equine health literature review, dust levels experienced by horses are likely to 
be much higher in a stable environment. All horses produced by Darley and Coolmore are 
intended for a racing career so the dust levels that they will be exposed to over their life will 
be very high. 
 
The minor increase in dust levels should not result in any additional health or production 
problems for the horses on these studs. 
 

8.1.2 Endotoxin Analysis 

Given that the minimal total airborne endotoxin concentration likely to cause lower 
respiratory tract disease in normal horses most likely exceeds 20 ng/m3 (McGorum et al, 
1998) and the extreme worst case scenario (considered unlikely to actually occur) as a result 
of this Project would be approximately 0.076 ng/m3 then it seems highly unlikely that there 
will be any effect on horse health as a result of inhalation of endotoxin associated with dust 
that might arise from the Project. This would apply to horses of all ages as well as those both 
permanently living on the properties and those visiting temporarily. 
  

8.2 NOISE 

Equine hearing is similar to human hearing although less sensitive. As a guide, it is probable 
that horses are slightly deafer, with hearing approximately 15 dBA less sensitive than 
humans. In light of this, human guidelines regarding noise will have some relevance; 
however horse reaction to noise in terms of rest and productivity is unknown.  
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Given that the noise levels are not predicted to exceed 40 dBA over any part of the horse 
studs it is not expected that noise levels will have any impact on the equine population. For 
the vast majority of land associated with these two properties, there will be no noticeable 
increases in background noise levels as a result of the Project.  
 
Foals born during the duration of the Project will be accustomed to any noise from the 
Project as they mature. Mares and foals visiting the properties temporarily will have been 
exposed in transit to noise levels much higher than are predicted to arise from the Project 
and should not be affected by any slight increase in noise. 
 

8.3 VIBRATION 

The ground vibration arising from the Project is expected to be intermittent and minimal 
across the Coolmore and Darley properties and is very unlikely to have any adverse effects 
on equine health. Any vibration experienced is likely to be far less than that experienced by 
horses during road or plane transport.  
 
Similarly, overpressure from blasting will remain far below that of the resultant frequent 
helicopter landings at both horse studs.  Horses should continue to assimilate to mine 
blasting impacts as blasting slowly moves closer to the horse studs so long as they remain 
within human amenity levels. 
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1 Introduction

1.1 Overview
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Inspirable Dust - Inspirable (inhalable) dust is defined as a material that may be deposited
anywhere along the respiratory tract, where the aerodynamic diameter of the dust may range 

  

Respirable Dust - Respirable dust is defined as the proportion of airborne dust levels that when
inhaled may penetrates to the unciliated airways of the lung. The median diameter of the dust 
particles is 4.25 ISO 7708 (AS2985, 2004)  (Reed et 
al 2006)

Particulate matter is derived from several sources: 
Background crustal dust from local and distant areas.
Biologically derived; 
o ‘hay dust’ at the horse stud infrastructure, and 
o pollen, and plant and insect fragments in ambient air blown from local and 

distant areas.
Combustion derived particulates (e.g. automobile exhaust, emissions from industrial 
boilers and other processes, smoke from domestic and grass/bush fires).
Dust associated with the proposed mine (e.g. over burden and coal dust). 

1.2 Data Bases Searched
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2 Literature Search results

2.1 Effects of Dust or Pollution on animals in an open environment

  

From Wildlife, Biol. Conserv.  15:181-190
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From Equine Vet. J 30:431

November 2012  Environmental Assessment DRAYTON SOUTH COAL PROJECTHansen Bailey

HEquine Health Impact Assessment



From RIRDC Publication No 06/1071289
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From RIRDC Publication No 06/1071289

2.2 Respiratory Defence mechanisms and Comparative Physiology between 
human, equine and other species

2.2.1 General comments
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2.2.2 What size particles reach the lungs
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During normal breathing more than 95% of inhaled particles greater than 5 
μm (e.g. small hay and straw fibres, fine wood shaving fibres, sand, pollens, plant spores, and 
larger bacteria, such as Streptococci) are filtered in the nasal passages, pharynx and tracheal 
bifurcation as a result of collision and impaction between high velocity particles within the airflow 
and changing airway anatomy. In the nasal passages, soluble noxious gases are concomitantly 
removed and neutralised via buffering by fluid and protein found in nasal mucus, and the air is 
humidified and warmed before entering the smaller lower airways. Once a particle impacts upon 
the moist nasal respiratory epithelium, it is trapped by mucus and removed by ciliary transport. It 
is important to note that even though few particles larger than 5 to 15 μm enter the trachea and 
more distal airways, those travelling with high velocity and volume of air can reach these airways 
and induce an inflammatory response. This response may be cleared or worsen depending on 
the agents’ toxicity and concentration, particularly if particles contain or have adherent toxins 
such as bacterial endotoxin. As air reaches the small bronchi and terminal bronchioles of the 
LRT, total airway cross-section increases and air velocity drops. Deposition of smaller particles,
between 0.5 to 5 μm (e.g. large viruses, fungal spores and small to medium sized bacteria, fine 
feed or bedding particle, smoke and motorised pollution) subsequently occurs by sedimentation 
onto airway surfaces under the force of gravity where, under certain circumstances, they may 
induce pulmonary inflammation.
In general, slow, deep breathing (at rest) enhances sedimentation and leads to relatively uniform 
deposition of particles throughout the LRT. However, rapid breathing with increased airflow as 
occurs in horses during exercise increases impaction in the larger lower airways producing high 
local particle concentrations (100 times more) around the bifurcation carinas of these airway 
compared to airway walls. This pattern and nature of deposition of potentially harmful particles 
may therefore be an important determinant of distribution of inflammatory responses in the LRT 
of racehorses (e.g. diffuse or localised to airways with major branches).
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When air reaches the level of the respiratory bronchioles and alveoli, most particles < 0.5 μm do 
not contact the respiratory epithelium and are expelled in exhaled air. However, because air 
velocity is very low in the gas exchanging structures, particles with a diameter < 0.1 μm (e.g. gas 
molecules, endotoxin molecules, viruses, proteins, combustion nuclei, ultra-fine particles) are 
subject to random thermal kinetic buffeting (Brownian motion/diffusion) and have time to diffuse 
to the walls of surrounding air surfaces.

Except perhaps for ozone and ammonia, there are no scientific studies demonstrating that 
exposure to noxious gases in stables or outdoor air pollution plays an equivalent role in equine 
airway inflammation, and TLVs (threshold limiting values) for any noxious gas for horses are 
unknown.

2.2.3 Equine respiratory tract defence mechanisms

2.3 Potential Influence of Dust on known Equine Lower Respiratory Tract
diseases
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From RIRDC Publication No 08/051

2.3.1 COPD (Heaves)
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2.3.2 Exercise Induced Pulmonary Haemorrhage (EIPH)
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2.3.3 Inflammatory Airway Disease (IAD)

ram-negative bacteria and as such endotoxin is ubiquitous in nature and is
commonly present on surfaces of plants and animals. Variable concentrations of endotoxins are 
found in agricultural environments such as housing for pigs, chickens, cows and horses, as well 
as sources such as bedding, hay, grains, straw, and bird droppings. Endotoxins also are present 
in industrial processing and storage of organic materials such as cotton and flax, wood chips, 
timber, fibreglass, wastes, potatoes and paper, as well as in animal slaughter and processing 
facilities, domestic water, house dust contaminated by pets and vermin, and cigarette smoke. 
Most environments in which horses have contact potentially can be contaminated with dusts with 
adherent bacteria and their cell-wall fragments, which subsequently may become aerosolised 
and inhaled. In addition, endotoxins are present in the oral, pharyngeal and nasal cavities as 
well as the intestinal tracts of humans and animals. Aspiration of secretions from the mouth and 
nasopharynx may lead to bronchial contamination by endotoxins although horses are more likely 
to be exposed to endotoxin-contaminated dusts via inhalation.
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It was found that a significant linear (or exposure-response) relationship existed between the 
average percentage of neutrophils in lower airways and exposure to high (>4-5ng/m3) (0.004-
0.005 μg/m³) respirable endotoxin concentrations in breathing zone dust. In addition, young 
racehorses that became cases (as defined) and developed neutrophilic IAD were approximately 
4 times more likely to have been exposed to either low (<1.2ng/m3) or high (>4.2ng/m3) (0.0042 
μg/m³ ) concentrations of endotoxin. These associations controlled for the possible confounding 
effects of many other variables, highlighting the importance of endotoxin alone in the genesis of 
neutrophilic lower airway inflammation. 

In conclusion, results of this study indicate that endotoxin from dust sources (such as feed, 
bedding and sources outside boxes) in stables is associated with neutrophilic IAD in 2 and 3 
year old thoroughbred racehorses in Australia. As in humans, the severity of this airway 
inflammation is related to the endotoxin concentration of the inhaled dust. Ventilation quality and 
meteorological conditions, particularly evaporation level, in looseboxes and stables also were 
significant risk factors for IAD. 
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2.3.4 Rhodococcus equi (Rattles)

2.3.5 Other diseases

2.4 Dust exposure in the normal horse population

Factors Contributing to Dust Exposure - In order to be inhaled and cause an effect, dusts 
must be aerosolised such that solid particles (dusts or smoke) or liquid droplets (mists) of 
sufficiently small diameter maintain stability as a suspension in air. In racehorse 
environments this is achieved by machinery (eg., mechanical walkers), ventilation air, or 
movement of humans and horses in and around stables. Particles that are aerosolised (eg., 
large viruses, fungal spores and small to medium sized bacteria, fine feed or bedding dust, 
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smoke and motorised pollution) usually range between 0.1 to 10 μm in diameter. They are 
cleared from air via direct removal by ventilatory airflow (particularly small fungal spores), 
removal of pathogenic potential while airborne (eg., death of infectious agent) or by reaching 
an equilibrium and subsequently falling out of the air.  Although aerosolised bacteria and 
viruses may die within seconds, viruses being particularly sensitive to changes in relative 
humidity, many species still maintain their pathogenicity, antigenicity and ability to induce 
airway inflammation. This is an important mechanism for certain bacteria, which after death

- -D-glucan, potent pro-inflammatory agents when inhaled into 
airways. In general, clearance of airborne dusts takes many hours whereas gases such as 
ammonia or ozone diffuse through air and can remain airborne in still air for much longer.
Racehorses, who spend most of their time (up to 22 hours) in looseboxes, are therefore 
exposed to aerosolised foreign dusts and gases almost continuously and any effects these 
agents have would likely be cumulative. However, it is important to note that these “steady 
state” dust levels do not reflect the true levels to which racehorses are exposed due to large 
variation induced by horse behaviour in loose boxes, horse and human activity in and 
outside looseboxes, and stable ventilation, bedding type and management. This large 
variation in concentrations of dusts can occur within horse looseboxes, between looseboxes 
in the same stable and particularly around the horse’s head. Airborne concentrations of 
dusts in looseboxes, (mostly small fungal and actinomycete spores), regardless of quality of 
ventilation, can be 2-50 times higher when bedding in looseboxes is being changed and 
cleaned. On average, this increase in concentration is higher when horses are bedded on 
straw rather than wood shavings or paper. As well, short periods lying and resting on dust 
rich bedding exposes horses to massive quantities of infectious and non-infectious particles.
Sweeping laneways or stable corridors, catching and moving horses, delivery of feed and 
bedding to stables, and proximity to roads and urban environments also contribute to 
increasing exposure of horses to airborne dusts. In addition, airborne concentration of dusts 
is significantly higher during the day, due to increased stable activity, than at night. During 
the night, aerosolisation of larger dust particles is reduced and equilibration and settling of 
these airborne dusts occurs. Although this results in decreased concentration of large size 
dusts, concentrations of very small dust particles remains similar  or greater than values 
during the day, which ensures that racehorses in looseboxes continue to be exposed to 
pathogenic dusts. Finally, although not well studied in horses, ambient temperature, relative 
humidity and wind may alter airborne dust concentrations with hot, dry and/or windy 
conditions increasing exposure to dusts. Low temperature and humidity (<60%) can 
significantly reduce viability of most microorganisms.  Conversely, increased humidity 
promotes fungal and bacterial growth in bedding and on walls, with subsequent spore and 
endotoxin elaboration, and may also increase moisture content of airborne dusts and 
increase their settling rate. 

2.4.1 Stable environment
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From RIRDC Publication No 06/1071289

(Art T, McGorum BC, Lekeux P. Environmental control of respiratory disease. In: Lekeux P, ed. Equine respiratory 
diseases. Ithaca, New York: International Veterinary Information Service (www.ivis.org); 2002. ; Pearson CC, Sharples 
TJ. Airborne dust concentrations in livestock buildings and the effect of feed. J Agr Eng Res 1995;60: 145–154)  
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From Research in Veterinary Science 83: 256–262

From Research in Veterinary Science 83: 263–268

November 2012  Environmental Assessment DRAYTON SOUTH COAL PROJECTHansen Bailey

HEquine Health Impact Assessment



From Journal of Equine Veterinary Science  29: 665-674

  From Journal of Equine Veterinary Science 29: 665-674
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From Journal of Equine Veterinary Science 30: 545-559
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   From Journal of Equine Veterinary Science 30: 545-559
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     From Journal of Equine Veterinary Science 31 630-639
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      From Equine Vet. J.  43 (5) 599-607

2.4.2 From bedding
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From The Veterinary Journal, 163, 319-325

2.4.3 From feed
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From Research in Veterinary Science 83: 263–268

From Research in Veterinary Science 83: 263–268  
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1 INTRODUCTION

PAEHolmes was commissioned by Hansen Bailey Environmental Consultants on behalf of Anglo 
American Metallurgical Coal Pty Ltd to complete a desktop review of air quality backgrounds
near horse breeding and racing areas within Australia and internationally. 

2 METHODOLOGY

The review targeted key horse breeding and racing locations within Australia and internationally. 
Locations identified included:

Australia: 
o Hunter Valley, NSW.
o Randwick, NSW. 
o Flemington, Victoria.
United States of America: 
o Louisville, Kentucky.
o Lexington, Kentucky. 
Ireland: 
o Kildare. 
o Tipperary. 
o Meath.
United Kingdom: 
o Newmarket.
Saudi Arabia. 
Hong Kong: 
o Sha Tin. 
o Happy Valley.

Background data for particulate matter less than 10 micron (PM10) was obtained from 
monitoring stations closest to each horse breeding and racing location, including:

Australia: 
o Singleton, NSW. 
o Muswellbrook, NSW. 
o Tamworth, NSW.
o Randwick, NSW.
o Footscray, Victoria. 
United States of America:
o Louisville, Kentucky.  
o Lexington-Fayette, Kentucky.  
o Elizabethtown, Kentucky. 
o Richmond, Kentucky.
Ireland: 
o Tipperary. 
o Kildare. 
o Meath. 
o Cork. 
o Dublin.

DRAYTON SOUTH COAL PROJECT Environmental Assessment November 2012 Hansen Bailey

H Equine Health Impact Assessment



120627 Drayton South Comparative Review of Air Quality Backgrounds near Horse Breeding & Racing_Final.docx  2 
Hansen Bailey on behalf of Anglo American Metallurgical Coal Pty Ltd | PAEHolmes Job 3617c

United Kingdom: 
o Newmarket. 
Saudi Arabia. 
Hong Kong: 
o Sha Tin. 
o Eastern.

Data was sourced between August and October 2011 from various government departments 
and international agencies associated with each monitoring station, including: 

NSW Office of Environment and Heritage (OEH). 
Victorian Environmental Protection Agency (EPA). 
United States EPA. 
Ireland EPA. 
United Kingdom Department of Environment, Food and Rural Affairs (DEFRA). 
World Bank. 
Hong Kong Environmental Protection Department (EPD).

3 RESULTS

Available background concentrations for PM10 were collated from 2001 to 2011 for each of the 
monitoring stations closest to each horse breeding and racing location (see Table 1). The 
concentrations are illustrated in Figure 1. 
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Table 1 PM10 Annual Average Concentrations ( g/m3) 

Location

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

PM10
3) 

Saudi 
Arabia

Saudi Arabia 148 143 137 128 118 112 107 104 - - -

Hong 
Kong

Sha Tin - - - - 53 53 51 50 45 45 -

Eastern - - - - 49 47 49 46 43 43 -

Australia

Footscray - - - - 21 22 20 21 22 - -

Singleton - - - - - - - - - 20 19

Muswellbrook - - - - - - - - - 20 19

Tamworth - - - - - 18 16 16 18 12 13

Randwick - - - - - 22 18 17 20 16 15

United 
States of 
America

Louisville - - 25 23 26 23 25 22 - - -

Louisville 2 - - 23 21 24 22 24 21 - - -

Lexington-Fayette - - 23 21 24 21 23 19 - - -

Elizabethtown - - 19 18 21 17 - - - - -

Richmond - - 20 18 21 18 - - - - -

Ireland

Cork, Old Station 
Road

- 24 26 22 19 16 15 16 18 22 -

Cork, Heatherton 
Park

- 21 20 19 17 18 17 15 15 18 -

Dublin, Dun 
Laoghraine

- - - - - - - 15 15 15 -

Tipperary, Clonmel - - - 20 19 - - - - - -

Kildare, Naas - - 17 17 - - - - - - -

Kildare, Newbridge - - - - - - - - 14 20 -

Meath, Navan - - - - - - 23 - - - -

United 
Kingdom

Newmarket 
Racecourse

- - - 21 20 17 17 16 16 16 16

The results indicate that Saudi Arabia represents the highest PM10 concentrations ranging 
between 104 and 148 g/m3 followed by Hong Kong (Sha Tin and Eastern). All other locations 
maintain a similar PM10 concentration range typically between 15 and 26 μg/m³.
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Figure 1 PM10 Annual Average Concentrations

4 CONCLUSION

From the review, it can be concluded that the majority of horse breeding and racing enterprises
within Australia and internationally operate in similar and comparable PM10 air quality 
backgrounds, typically ranging between 15 and 26 μg/m³. The outliers include Saudi Arabia and 
Hong Kong, which have significantly higher concentrations between 104 and 148 g/m3 and 53 
and 43 g/m3, respectively.
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