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Abstract
Chemical pollutants, for example ozone, have been demonstrated to have detrimental effects on the cardiorespiratory system in human beings. Inhalation of pollutants may therefore impact on the performance of athletes at the
2004 Athens Olympic Games. Horses will also be exposed to these pollutants contained within the large volume
of air they inhale during exercise. Opportunely, the equine events will be staged outside of Athens and as a result
the concentration of atmospheric chemical pollutants is likely to be lower than that experienced by many of the
human athletes. The horses’ housing environment should also be carefully considered as a source of pollutants, as
certain bedding materials can release dust, mould spores and irritants that may induce airway inflammation. In
order to achieve the highest level of performance it is essential that both horse and rider be in good health
and therefore the influence of environmental pollutants on lung function should to be minimized.
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Introduction
Potentially detrimental effects of air pollution on the
health and performance of athletes at the 2004
Athens Olympic Games have been raised by the scientific community and highlighted by the media. Airborne pollutants, such as ozone, oxides of sulphur
and nitrogen, carbon monoxide, ammonia and airborne particulates, can induce airway inflammation
and compromise lung function. After accounting for
differences in bodyweight, the maximal minute ventilation of a horse during exercise (approximately
1800 l min21; 3.6 l min21 kg21 bodyweight) is approximately twice that of a human (approximately
120 l min21; 1.7 l min21 kg21 bodyweight). Therefore
the inhaled dose of pollutants for a given period and
intensity of exercise could reasonably be expected to
be higher in horses than in humans.
Environment at Athens
Athens is exposed to high levels of pollution, for
example from car exhausts. Fortunately the venue for

the equestrian events is situated away from the centre
of Athens, which may lessen the pollutant burden. Pollutants are concentrated in Athens and its surrounding
area due to local geography. Athens is surrounded on
the north, east and west by high mountains and by
the sea on the south. Onshore breezes prevent the dispersion of pollutants.
Chemical pollutants
Exposure to high concentrations of chemical pollutants has health implications, particularly for sensitive
individuals such as human asthmatics, as well as effects
on athletic performance. The concentration of iron,
which is present in many airborne particulates, has
been shown to be higher in the lung-lining fluid of
horses from urban environments than in horses from
rural areas1. Iron (as well as other transition metals)
catalyses the formation of hydroxyl radicals from
hydrogen peroxide if it is not sequestered in the
lung. Hydroxyl radicals are extremely reactive and
can result in tissue injury2. However, horses from
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urban areas did not have increased airway inflammation or bronchoconstriction compared with horses
from rural locations1.
Oxides of sulphur and nitrogen
Relatively little is known regarding the effects of inhalation of chemical irritants on horses. For instance,
there are no publications on the detrimental effects
of oxides of nitrogen or sulphur on the equine respiratory tract. Sulphur dioxide is a harmful pollutant, but
generally has little impact on human lung function or
athletic performance because of the low atmospheric
concentration. Furthermore, sulfur dioxide has high
water solubility, which results in a low dose of this pollutant reaching the distal airways3. In healthy humans,
nitrogen dioxide exposure can also induce airway
inflammation4. Nitrogen dioxide does not directly
influence lung function but potentiates ozone-induced
pulmonary dysfunction5.
Ozone
One of the most harmful pollutants to human athletes,
and the one that has received the most attention, is
ozone. Photodecomposition of nitrogen dioxide by
sunlight at a wavelength between 295 and 430 nm
results in the formation of nitric oxide and atomic
oxygen. Ozone is produced from atomic oxygen by
reaction with molecular oxygen6. Intense sunshine in
the summer months results in a high concentration
of ozone in Athens. For instance, the ozone concentration in Athens approximated 50 ppb in the
summer of 20007. Peak ozone levels are associated
with both asthma exacerbations8 and hospital admissions in the elderly9.
Ozone induces a number of respiratory responses in
humans including neutrophilic airway inflammation,
diminished lung function and tissue injury, such as
increased airway permeability and epithelial remodelling (reviewed by Mudway and Kelly6). Injury may
result from the direct action of ozone (oxidative
damage) or from ozone-induced airway inflammation.
The primary target of ozone is the respiratory tract epithelial lining fluid (ELF). Within ELF the primary targets for ozone are unsaturated fatty acids, proteins
and antioxidants, such as ascorbic acid and glutathione6,10 (Fig. 1). The uptake of ozone by ELF has
been suggested to occur by the mechanism of reactive
absorption, whereby the rate of ozone uptake is
dependent upon the concentration of substrates,
such as phospholipids and ascorbic acid, within ELF
and the rate of their reaction with ozone11. Pryor
et al.10,12 proposed that ozone reacts with unsaturated
fatty acids present in lipids in ELF and cell membranes
forming lipid ozonation products, for example hydrogen peroxide and aldehydes, which function as signal
transduction molecules. Lipid ozonation products are

FIG . 1 Ozone interactions in the lung (adapted from Mudway and
Kelly6). Ozone, which is not buffered by antioxidants (ascorbic
acid (AA) and glutathione (GSH)) in the epithelial lining fluid
(ELF), reacts with proteins, leading to enzyme inactivation, or with
lipids, forming lipid ozonation products. Ozone also induces the
infiltration of inflammatory cells into the ELF, which release reactive oxygen species (ROS) on activation

small, diffusible and stable molecules, and may cause
activation of specific lipases, such as phospholipase
(PL)A2, PLC and PLD, which trigger the release of
mediators of inflammation from epithelial cells12.
Therefore lipid ozonation products are able to produce
toxic effects distant from the reaction with ozone in a
cascade mechanism.
Due to the oxidizing nature of ozone, exposure to
this pollutant may compromise pulmonary antioxidant
status. Unregulated oxidants have been demonstrated
to enhance airway inflammation and promote lung dysfunction and tissue injury in other species including
humans and guinea pigs13,14. In equine ELF, the
major antioxidants are ascorbic acid and glutathione15.
Inhalation of a relatively high dose of ozone (500 ppb
for 12 h) by healthy horses has been demonstrated to
induce the oxidation of glutathione in ELF, indicative
of oxidative stress16. Horses affected by recurrent
airway obstruction (RAO: also known as heaves and
previously termed equine chronic obstructive pulmonary disease) have a lower concentration of ascorbic
acid in ELF17, which may render them more susceptible to the oxidizing effects of ozone compared with
healthy control horses. Interestingly, however, on
exposure at rest to 800 ppb for 2 h, there appears to
be a sub-population of horses with greater sensitivity
to ozone independent of RAO status (Deaton CM,
Marlin DJ and Kelly FJ, unpublished results; Fig 2).
Similarly, in humans and mice there appear to be
responders and non-responders to ozone, which in
part is related to genetic factors18.
Human asthmatic subjects have been demonstrated
to have greater decreases in lung function19 and
greater increases in airway inflammation20,21 than
do healthy subjects after ozone exposure, which
may reflect ozone-induced up-regulation of neutrophil
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FIG . 2 Individual concentrations of oxidized glutathione (GSSG) in
bronchoalveolar lavage fluid (BALF) from seven healthy horses
(W) and seven horses affected by recurrent airway obstruction (X)
before and after exposure to 800 ppb ozone for 2 h (Deaton CM,
Marlin DJ and Kelly FJ, unpublished results)

chemoattractants and T helper type 2 cytokines by
epithelial cells22. Other studies have found no difference in the degree of airway inflammation or lung
dysfunction in asthmatics compared with healthy subjects23,24. Ozone (800 ppb for 2 h) exposure at rest
did not induce significant airway inflammation in
horses (Deaton CM, Marlin DJ and Kelly FJ, unpublished results), which may imply that horses will
not be affected by the concentrations of ozone in
Athens. However, ozone exposure did induce inflammation in a subset of horses. In humans decrements
in lung function are independent of airway inflammation following short-term ozone exposure25,26.
However, ozone-induced airway inflammation may
induce airway remodelling by the release of proteolytic enzymes27,28. Furthermore, oxidation of proteins
in the ELF by ozone results in the inactivation of
enzymes, such as a1-proteinase inhibitor, and consequently increased elastase release and tissue injury29.
Two additional factors may also result in ozone compromising equine lung function during the Athens
Olympics. Firstly, horses will be exposed to ozone
for periods in excess of 2 h and they will be exposed
repeatedly. Interestingly, however, repeated ozone
exposure of calves and rats resulted in the attenuation
of airway inflammation and lung dysfunction compared with that after a single exposure30,31. Secondly,
the horse studies described above (Mills et al.16;
Deaton CM, Marlin DJ and Kelly FJ, unpublished
results) were performed at rest. The dose of ozone
delivered to the lungs will be increased by intense
and or prolonged exercise at lower intensity during
competition and in daily training outside competition.
The dose of ozone is equivalent to the product of the
concentration of ozone, the exposure time and minute
ventilation32. Ozone is poorly soluble, therefore
increasing the flow rate decreases the time for ozone

173

to diffuse into the nasal ELF and increases the
amount of ozone reaching the more sensitive distal airways33,34. Therefore, the dose of ozone reaching the
small airways will be markedly increased during
periods of exercise compared with at rest. A preliminary study35 in horses reporting the effects of ozone
exposure during short-duration high-intensity exercise
demonstrated that exposure to either 250 ppb or
800 ppb ozone did not alter maximum oxygen consumption, but did increase heart rate compared with
air exposure during exercise. Ozone exposure
(250 ppb or 800 ppb) during maximal intensity exercise resulted in tissue injury predominantly to the
terminal bronchioles, and exposure to 800 ppb
resulted in pulmonary haemorrhage and oedema35.
In humans, ozone exposure during bicycle exercise
reduced maximum oxygen consumption compared
with exposure to air36.
Housing environment
Recurrent airway obstruction
Another major potential source of respiratory pollutants
for horses, which is not specific for Athens but warrants
comment, is their housing environment. This is of particular relevance to horses affected by RAO. RAOaffected horses are highly sensitive to endotoxin37 and
mould spores, including Faenia rectivirgula and Aspergillus fumigatus38, released from poor-quality bedding
and hay. Exposure of RAO-affected horses to these pollutants induces airway obstruction, neutrophilic
airway inflammation and mucus accumulation, resulting in marked exercise intolerance39. The incidence of
RAO increases with age and generally affects only
horses older than approximately seven years40. The
true prevalence of RAO is unknown in Northern
Europe, but it is thought to be the most common medical condition affecting horses in this region. For
example, 54% of sports horses were reported to suffer
from RAO in a survey in Switzerland41. It is likely that
a significant number of horses competing at the
Athens Olympics will be affected by RAO. RAO has
many similarities to human asthma; however, unlike
human asthmatics, horses suffering from RAO are not
currently allowed medication for their condition
during competition. The induction of clinical signs of
RAO can be prevented by housing on a low-dust management system. Wood shavings are the bedding of
choice for the majority of competitors from the UK.
However, even a low-dust regimen of shavings and
silage results in a higher respirable airborne dust concentration than at pasture42.
Inflammatory airway disease
Airborne pollutants may also play a role in the development of inflammatory airway disease (IAD), where
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horses develop airway inflammation without overt clinical signs. Of particular relevance to the Athens Olympics, it has been suggested that hot conditions may
exacerbate symptoms of IAD43. The presence of IAD is
associated with a decrease in athletic performance.
Horses with IAD have more severe arterial hypoxaemia
during treadmill exercise compared with healthy
horses44. IAD and the presence of airway fungal material
are also risk factors for exercise-induced pulmonary
haemorrhage45, which may have a detrimental effect
on athletic performance. Clinically healthy horses are
also susceptible to pollutant-induced airway inflammation without the development of airway obstruction
in a high-dust environment. Horses may also be exposed
to pollutants during their training, as riding surfaces
including sand, wood shavings and rubber-based surfaces have been demonstrated to release mould spores
and dust46.
Ammonia
Ammonia is another potential irritant of the respiratory
tract and arises from the bacterial metabolism of nitrogen compounds, predominantly urea in urine. It is
therefore another pollutant that occurs in poorly managed stables and can induce cough and nasal discharge
in horses47. The concentration of aerial ammonia has
been shown to be higher with horses on sawdust compared with paper bedding48; however, in this study
there was no evidence of a detrimental effect of ammonia on the respiratory system.
The majority of horses competing at the Athens
Olympics are likely to be housed in stables for
around 22 hours a day. Preventing the development
of airway inflammation and maximizing athletic performance will require the use of minimal-dust management systems. As the horses will be housed in barns,
the concentration of airborne pollutants will also
depend on the neighbouring stalls’ dust load and the
efficiency of ventilation. During training and the
actual competitions, the concentration of inhaled
mould spores and organic dust is likely to be low
because of the climate. There is also little agriculture,
resulting in a low pollen load. However, the
Markopoulo Olympic Equestrian Centre is located
close to a marble quarry, which may generate a considerable dust load. Physical irritation of the airways
by inert particles has the potential to induce airway
inflammation49.
Summary
In summary, despite the numerous publications on the
effects of dust from the housing environment, the
effects of chemical pollutants on equine lung function
are largely unknown. The concentration and type of
pollutants to which horses are exposed will be
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affected by factors such as time of day of exercise,
wind direction and other environmental factors,
including sunlight, temperature and cloud cover.
Responses between horses to airborne pollutants are
likely to be highly variable. Effects of airborne pollutants on airway inflammation and performance, if
they occur, are predicted to be sub-clinical and may
be attributed to, and impossible to distinguish from,
other causes of airway inflammation such as transport,
heat or pre-existing airway inflammation. Even if pollutants do not induce clinical signs of lung dysfunction,
minor effects may result in a small decrease in performance, which may be enough to alter the medal
placings.
Steps that could be taken to reduce the impact of
pollutants on horses competing in Athens include:
.

.

.

.

Undertake endoscopic examination of the airways
well in advance of travel (at least 4 – 6 weeks
prior to departure), as pollutants may exacerbate
pre-existing airway inflammation.
Minimize time of exposure by arriving close to the
start of the competition. However, for ozone,
repeated exposure may lead to a reduction of
airway inflammation. Furthermore, avoidance of
pollutants must be balanced against allowing sufficient time for horses to recover from transport
and to acclimatize.
As horses will spend the majority of their time
housed whilst at the Games venue, provision of a
minimal-dust management system is indicated.
As treatment for airway inflammation during competition is not permitted, dietary antioxidant supplementation prior to travel and during
competition may be beneficial.

References
1

2

3

4

5

Mazan MR, Ghio AJ and Hoffman AM (2001). Airway reactivity, inflammation, iron and iron-binding proteins in
horses from urban versus rural environments. In: World
Equine Airways Symposium, Edinburgh. Abstract p. 31.
Kamp DW, Israbian VA, Preusen SE, Zhang CX and Weitzman SA (1995). Asbestos causes DNA strand breaks in cultured pulmonary epithelial cells: role of iron-catalyzed
free radicals. American Journal of Physiology 268:
L471 – L480.
Pierson WE, Covert DS, Koenig JQ, Namekata T and Kim YS
(1986). Implications of air pollution effects on athletic performance. Medicine and Science in Sports and Exercise 18:
322 – 327.
Frampton MW, Boscia J, Roberts NJ Jr, Azadniv M, Torres A,
Cox C et al. (2002). Nitrogen dioxide exposure: effects on
airway and blood cells. American Journal of Physiology.
Lung, Cell and Molecular Physiology 282: L155 – L165.
Hazucha MJ, Folinsbee LJ, Seal E and Bromberg PA (1994).
Lung function response of healthy women after sequential
exposures to NO2 and O3. American Journal of Respiratory
and Critical Care Medicine 150: 642 – 647.

Effects of environmental pollution on the equine respiratory tract
6
7

8

9

10

11

12

13

14

15

16

17

18
19

20

21

22

23

24

Mudway IS and Kelly FJ (2000). Ozone and the lung: a sensitive issue. Molecular Aspects of Medicine 21: 1 –48.
Saitanis CJ (2003). Background ozone monitoring and phytodetection in the greater rural area of Corinth –Greece.
Chemosphere 51: 913 –923.
Romieu I, Meneses F, Sienra-Monge JJ, Huerta J, Ruiz Velasco S,
White MC et al. (1995). Effects of urban air pollutants on
emergency visits for childhood asthma in Mexico City. American Journal of Epidemiology 141: 546 – 553.
Schwartz J (1994). Air pollution and hospital admissions
for the elderly in Detroit, Michigan. American Journal
of Respiratory and Critical Care Medicine 150:
648 –655.
Pryor WA, Das B and Church DF (1991). The ozonation of
unsaturated fatty acids: aldehydes and hydrogen peroxide
as products and possible mediators of ozone toxicity.
Chemical Research in Toxicology 4: 341 – 348.
Langford SD, Bidani A and Postlethwait EM (1995). Ozonereactive absorption by pulmonary epithelial lining fluid constituents. Toxicology and Applied Pharmacology 132:
122 –130.
Pryor WA, Squadrito GL and Friedman M (1995). A new
mechanism for the toxicity of ozone. Toxicology Letters
82 –83: 287 –293.
Haddad JJ (2002). Science review: Redox and oxygen-sensitive transcription factors in the regulation of oxidantmediated lung injury: role for nuclear factor-kappaB. Critical Care 6: 481 – 490.
Misawa M and Nakano E (1993). Airway constriction
by xanthine/xanthine oxidase in guinea pigs in vivo.
Journal of Toxicology and Environmental Health 39:
193 –205.
Deaton CM, Marlin DJ, Roberts CA, Smith N, Harris PA,
Kelly FJ et al. (2002). Antioxidant supplementation and pulmonary function at rest and exercise. Equine Veterinary
Journal Supplement 34: 58 – 65.
Mills PC, Roberts CA and Smith NC (1996). Effects of ozone
and airway inflammation on glutathione status and iron
homeostasis in the lungs of horses. American Journal of
Veterinary Research 57: 1359– 1363.
Deaton CM, Marlin DJ, Smith NC, Harris PA, Roberts CA,
Schroter RC et al. (2004). Pulmonary epithelial lining
fluid and plasma ascorbic acid concentrations in horses
affected by recurrent airway obstruction. American Journal of Veterinary Research 65: 80 –87.
Kleeberger SR (1995). Genetic susceptibility to ozone
exposure. Toxicology Letters 82 – 83: 295 – 300.
Kreit JW, Gross KB, Moore TB, Lorenzen TJ, D’Arcy J and
Eschenbacher WL (1989). Ozone-induced changes in pulmonary function and bronchial responsiveness in asthmatics. Journal of Applied Physiology 66: 217 – 222.
Scannell C, Chen L, Aris RM, Tager I, Christian D, Ferrando R
et al. (1996). Greater ozone-induced inflammatory responses
in subjects with asthma. American Journal of Respiratory
and Critical Care Medicine 154: 24– 29.
Basha MA, Gross KB, Gwizdala CJ, Haidar AH and Popovich J Jr
(1994). Bronchoalveolar lavage neutrophilia in asthmatic and
healthy volunteers after controlled exposure to ozone and filtered purified air. Chest 106: 1757 –1765.
Bosson J, Stenfors N, Bucht A, Helleday R, Pourazar J, Holgate
ST et al. (2003). Ozone-induced bronchial epithelial cytokine
expression differs between healthy and asthmatic subjects.
Clinical and Experimental Allergy 33: 777 –782.
Stenfors N, Pourazar J, Blomberg A, Krishna MT, Mudway I,
Helleday R et al. (2002). Effect of ozone on bronchial mucosal inflammation in asthmatic and healthy subjects. Respiratory Medicine 96: 352 –358.
Mudway IS, Stenfors N, Blomberg A, Helleday R, Dunster C,
Marklund SL et al. (2001). Differences in basal airway antioxidant concentrations are not predictive of individual

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

175
responsiveness to ozone: a comparison of healthy and
mild asthmatic subjects. Free Radical Biology & Medicine
31: 962 – 974.
Balmes JR, Chen LL, Scannell C, Tager I, Christian D, Hearne
PQ et al. (1996). Ozone-induced decrements in FEV1 and
FVC do not correlate with measures of inflammation. American Journal of Respiratory and Critical Care Medicine
153: 904 – 909.
Blomberg A, Mudway IS, Nordenhall C, Hedenstrom H,
Kelly FJ, Frew AJ et al. (1999). Ozone-induced lung function
decrements do not correlate with early airway inflammatory or antioxidant responses. European Respiratory Journal 13: 1418– 1428.
Crapo JD, Barry BE, Chang LY and Mercer RR (1984). Alterations in lung structure caused by inhalation of oxidants.
Journal of Toxicology and Environmental Health 13:
301 – 321.
Nevalainen M, Raulo SM, Brazil TJ, Pirie RS, Sorsa T,
McGorum BC et al. (2002). Inhalation of organic dusts
and lipopolysaccharide increases gelatinolytic matrix metalloproteinases (MMPs) in the lungs of heaves horses. Equine
Veterinary Journal 34: 150 –155.
Johnson DA (1980). Ozone inactivation of human alpha
1-proteinase inhibitor. American Review of Respiratory
Disease 121: 1031 –1038.
Kirschvink N, Fievez L, Bureau F, Degand G, Maghuin-Rogister
G, Smith N et al. (2002). Adaptation to multiday
ozone exposure is associated with a sustained increase
of bronchoalveolar uric acid. Free Radical Research 36:
23 –32.
van Bree L, Dormans JA, Koren HS, Devlin RB and
Rombout PJ (2002). Attenuation and recovery of
pulmonary injury in rats following short-term, repeated
daily exposure to ozone. Inhalation Toxicology 14:
883 – 900.
Silverman F, Folinsbee LJ, Barnard J and Shephard RJ (1976).
Pulmonary function changes in ozone-interaction of concentration and ventilation. Journal of Applied Physiology
41: 859 – 864.
Nodelman V and Ultman JS (1999). Longitudinal distribution of chlorine absorption in human airways: a comparison to ozone absorption. Journal of Applied Physiology 87:
2073– 2080.
Santiago LY, Hann MC, Ben-Jebria A and Ultman JS (2001).
Ozone absorption in the human nose during unidirectional
airflow. Journal of Applied Physiology 91: 725 – 732.
Tyler W, Jones J, Birks E, Pascoe J, Steffey E, Jarvis K et al.
(1991). Effects of ozone on exercising horses: a preliminary
report. Equine Exercise Physiology 3: 490 –502.
Foxcroft WJ and Adams WC (1986). Effects of
ozone exposure on four consecutive days on work performance and VO2max. Journal of Applied Physiology
61: 960 – 966.
Pirie RS, Collie DD, Dixon PM and McGorum BC (2003).
Inhaled endotoxin and organic dust particulates have synergistic proinflammatory effects in equine heaves (organic
dust-induced asthma). Clinical and Experimental Allergy
33: 676 – 683.
McGorum BC, Dixon PM and Halliwell RE (1993).
Responses of horses affected with chronic obstructive
pulmonary disease to inhalation challenges with mould
antigens. Equine Veterinary Journal 25: 261 –267.
Art T, Duvivier DH, Votion D, Anciaux N, Vandenput S,
Bayly WM et al. (1998). Does an acute COPD crisis
modify the cardiorespiratory and ventilatory adjustments
to exercise in horses?" Journal of Applied Physiology 84:
845 – 852.
Robinson NE (2001). International Workshop on Equine
Chronic Airway Disease Michigan State University 16– 18
June 2000. Equine Veterinary Journal 33: 5– 19.

176
41

42

43

44

45

CM Deaton and DJ Marlin
Bracher V, von Fellenberg R, Winder CN, Gruenig G,
Hermann M and Kraehenmann A (1991). An investigation
of the incidence of chronic obstructive pulmonary disease
(COPD) in random populations of Swiss horses. Equine
Veterinary Journal 23: 136 – 141.
McGorum BC, Ellison J and Cullen RT (1998). Total and respirable airborne dust endotoxin concentrations in three
equine management systems. Equine Veterinary Journal
30: 430 –434.
Mazan M and Hoffman A (2003). In: Hoffman A, Robinson NE
and Wade JF (eds), Inflammatory Airway Disease: Effect of
Athletic Discipline. Newmarket, UK: R&W Publications
(Newmarket) Limited, Havemeyer Foundation Monograph
Series No. 9, pp. 9 –12.
Couetil LL and Denicola DB (1999). Blood gas, plasma lactate and bronchoalveolar lavage cytology analyses in racehorses with respiratory disease. Equine Veterinary
Journal Supplement 30: 77 –82.
Newton JR and Wood JL (2002). Evidence of an association
between inflammatory airway disease and EIPH in young

46

47

48

49

Thoroughbreds during training. Equine Veterinary Journal
Supplement 34: 417 –424.
Rapp HJ, Bockisch FJ, Weiss R, Becker M, Stechele M and
Heisse K (1992). Riding arenas and different riding track
surfaces in relation to the airway contamination in horses.
Laboratory studies on riding surfaces. Tierarztliche Praxis
20: 503 – 508.
Katayama Y, Oikawa M, Yoshihara T, Kuwano A and Hobo
S (1995). Clinico-pathological effects of atmospheric
ammonia exposure on horses. Journal of Equine Science
6: 99 –104.
Tanner MK, Swinker AM, Traub-Dargatz JL, Stiffler LA,
McCue PM, Vanderwall DK et al. (1998). Respiratory and
environmental effects of recycled phone book paper
versus sawdust as bedding for horses. Journal of Equine
Veterinary Science 18: 468 –476.
Kobzik L, Huang S, Paulauskis JD and Godleski JJ (1993).
Particle opsonization and lung macrophage cytokine
response. In vitro and in vivo analysis. Journal of Immunology 151: 2753– 2759.

