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AIR POLLUTION



Why is Air Pollution 
Relevant to Climate 
Change?
•Air Pollution ≠ Greenhouse 
Gases 

• More frequent heat waves – ground level 
ozone
• Wildfire frequency and severity – Particulate 

Matter 



Singapore Haze

• Burning of Indonesian peat

• Deforestation fires

• Agricultural waste burning
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Case 1

• …there has been some concern about the air quality and it's potential health impact on the 
athletes…

• …this morning at 9am was 112ug/m3 and that is rated "Unhealthy for Sensitive Groups". The 
forecast is for the AQI to move to "Unhealthy" tomorrow and to hover there for most of next
week… 

• …the marathon and race walk events …are all occurring at night with start times either 11:30pm or 
12am …

• …some staff are concerned that we are placing our athletes at serious health risk by allowing them
to compete in these events…



Case 2 

• Temperatures >30 C (mean 
32.2C) with humidity ~70%
• Generally lower levels of 

particulate matter especially at 
night
• Highest ozone levels in the 

OECD – Games held during 
peak ozone season

Tokyo Olympic Games 



The Problem with Intense Exercise



Giles, LV, & Koehle, MS. Sports Med. 2014;44(2):223-249.

Exercise

↑ Minute Ventilation

Nasal → Oral Breathing

↑ Deposition in the Lungs

↑ Pulmonary Diffusion 
Capacity

↑ Effects of Air 
Pollution?

Air Pollution 
Inhalation

Exercise and Inhaled Pollution



Air Pollution Recipe
• Gases
• Ozone, carbon monoxide, oxides of nitrogen (NO2, NO), 

etc.

• Particles
• Solid particles, or liquid droplets like dust, metal, black 

carbon, pollen



Research Models

• Real World Acute 
Exposures
• Realistic pollution 

exposures
• Tough to generate 

control exposures, with 
blinding
• Good Pollution Recipe

Images: Andy Hung MSc



Research Models

• Laboratory Acute Exposures
• Controlled consistent 

pollution exposure
• Sham condition, blinding 

crossover design
• Lack of long-term results
• Approximate Recipe

Images: Luisa Giles, PhD



Research Models

• Real World Epidemiology 
Studies
• Long-term results -
• Large sample sizes
• Control groups and 

blinding lacking
• Confounders
• Good Pollution Recipe



Health Effects of Air Pollution
• 4.2 Million deaths/year – predominantly LMIC

• Cardiovascular
• Ischaemic heart disease and stroke 

• Respiratory
• Chronic Obstructive Pulmonary Disease And Lower Respiratory tract Infections (18%)
• Lung Cancer (6%) 

• Diabetes
• Increased incidence of Type 2 Diabetes Mellitus with PM2.5 exposure ~10%

• Cognitive
• Associated with decreased cognitive function and dementia





Chronic Health Effects Summary

•AIR POLLUTION = BAD

•EXERCISE = GOOD
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• Traffic-related air pollution
• High in particulates
• Acute Health effects of 

exercise are somewhat
equivocal
• Performance Effects are 

equivocal



• Consistent worsening of lung function (FVC, FEV1, FEF25-75)
• Consistently increases symptoms
• Cough and dyspnoea
• When O3 levels higher than ~120ppb

• Increased inflammatory markers (IL-6, neutrophils)

22
Ozone 
Effects



• Inconsistent effect on:
• Lung function
• Exercise response
• Symptoms
• Inflammatory responses

• Cardiovascular responses
• Likely increase in blood pressure
• Heart rate variability and endothelial 

function unclear

23
Traffic-related Air 
pollution - TRAP



• No effect on lung function or heart 
rate variability

• Inconsistent effect on symptoms
• Small effect in one study

• No real effect of exercise intensity

24
Diesel Exhaust (DE) Effects



Acute Health Effects Summary
• Ozone
• Decreased lung function compared to filtered air
• Increased symptoms compared to filtered air

• TRAP and Diesel Exhaust
• Inconsistent acute health effects



Performance Effects - TRAP
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Giles et al. 2012, Giles et al. 2016

• Diesel Exhaust Exposure study
• Healthy males 30 min cycling
• Increased perceived effort
• At low intensity, increased oxygen cost

Performance Effects - Diesel



Ozone and Performance

DECREASED VO2MAX 
DURING EXERCISE

DECREASED RUNNING 
PERFORMANCE

SYMPTOMS 
INCREASED

ADAPTATION?



Ozone and Adaptation

• Pollution adaptation
QZONE ADAPTATION AND WORK PERFQRMANCE 963 
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FIG. 2. Percent change in exercise ventilatory pattern as a function 
of initial and repeated O3 exposure. Values are calculated from changes 
observed at 50th min compared with those at 10th min. fR, respiratory 
frequency; VT, tidal volume; FA, filtered air. 

significantly different from FA following 1, 2, and 3 days 
of repeated exposure for both fR and VT, whereas only 
VT remained different after day 4. As indicated in Table 
2, differences between lOth- and 50th-min values across 
all six exposures for VE and HR failed to reach statistical 
significance (F c 1.46), although 4th-consecutive-day 
V& responses were significantly different from FA and 
3rd-consecutive-day values. 

Pulmonary function response. Percent changes in pul- 
monary function measures for each experimental proto- 
col are illustrated in Fig. 3. Results of ANQVA and 
posterior tests are presented in Table 3. Decrements 
observed in FVC, FE& 0, and FEFzseT5 for all consecutive . 
daily 03 exposures remained similar to those for the 
initial 03 exposure. Furthermore, the general trend to- 
ward recovery of pulmonary function responses following 
day 2 depicted in Fig. 3 was not significant, in that 
exposure values at day 4 were still significantly different 
from those of the FA values and were not significantly 
different from the initial O3 exposure. 

Maximal exercise responses. The mean maximal exer- 
cise responses, F ratios, and statistically significant in- 
dividual mean comparisons are given in Table 4. Signif- 
icant F ratio treatment effects were found in all perform- 
ante parameters. Posterior test results indicated that 
initial O3 exposure resulted in significantly reduced 
%70zrnax, performance time, i7E,,,, and HR,,,. However, 
significant improvements were demonstrated in perform- 
ance time, \)73,,,, and HR,,, following 4 days of repeated 
daily exposu .re. Fu rthermore, no differe lnces in mean 
comparisons of any performan .ce m .easure were observed 
between the FA and the day 4 exposures. 

The mean maximal exercise responses of the inde- 
pendent progressively incremented Voz max tests preced- 
ing and following the experimental protocols delineated 

FA 0.35 day 2 day 3 
PPm03 

1050 ppm-L 
1260 ppm-L 

REPEATED DAILY EXPOSURE TO 0.35 ppm 0, 
FIG. 3. Percent change in pulmonary function on initial exposure 

and as a result of 4 consecutive days exposure to 0.35 ppm OS. See text 
for definitions and additional details. 

TABLE 3. .Results of ANOVA and posterior tests 
of mean differences of pulmonary function parameters 

Variable 
F 

Ratio 
Posterior Test Results; Specific 

Significant Mean Differences 

FVC, liters 
FEVl.o, liters 
FE&M, l/s 

11.03* 
17.56* 

8.05* 

FA 0.35; FA days 1, 2, 3, and 4 
FA 0.35; FA days I, 2, 3, and 4 
FA 0.35; FA days 1, 2, 3,,and 4 

ANOVA, analysis of variance. Further definitions same as in Table 
1. * Significant at P c 0.05. Post hoc significant differences are in 
reference to exposure comparisons identified in Table 2. 

in Fig. 1 are described in Table 5. voZrnax, maximum 
exercise duration, and HR,,, were not significantly dif- 
ferent pre- and posttreatment, as indicated by paired t 
values of C1.0. 

Subjective symptom responses. Sums of symptom se- 
verity responses for the eight subjects for exposures 1, 2, 
and 6 (Fig. 1) for individual, as well as total symptoms, 
are given in Table 6. An F of 36.5 shows a significant 
mean symptom severity effect over all treatments. Pos- 
terior test results revealed that the number of subjective 
complaints increased significantly from FA on initial 
exposure to 0.35 ppm OS. Following repeated daily ex- 
posure, symptomology was significantly attenuated, al- 
though day 4 values remained significantly different from 
FA responses. 

Following the rapidly incremented Vo2 mdX protocol, in 
response to the question of whether they felt they were 
able to perform maximally, all (8) subjects indicated their 
effort was maximal following FA exposure. After the 
initial 0.35 I-ppm O3 exposure, only three stated that they 

Downloaded from journals.physiology.org/journal/jappl at Univ of British Columbia (142.103.058.161) on February 4, 2020.



Ozone 
and Heat



Performance Effects Summary
• Ozone
• Decreased VO2max during exercise
• Decreased running performance
• Symptoms increased
• Adaptation?

• TRAP and DE
• inconsistent performance effects

• Possible increased symptoms
• Possible increased HR and metabolic cost



Pollution in Time



Air Pollution Location Effects



Masks
•Limited research
• Studies of walking in Beijing
•Wearing masks for 48 hours
• Some HRV and SBP changes

•3M 8812 recommended
• ~3% penetrance of Diesel
• Comfortable to wear
• Langrish et al. 2009

•Recommended for high particulate sites
•When not training



Monitoring/Forecasting
• haze.gov.sg,  Plume App



Competition Recommendations - Ozone
• Avoid pollution as much as possible pre- competition
• Travel to and from competition

• Stabilize asthma and EIB with medications and proper warm-up
• Anticipate symptoms: chest tightness, dyspnoea
• Some evidence that anti-oxidants may decrease ozone effects
• 2 weeks of:

• Vitamin C 250-500 mg OD
• Vitamin E 100 mg OD

• Consider Adaptation



Competition Recommendations for primarily PM/TRAP
• Avoid pollution as much as possible pre- competition
• Travel to and from competition

• Stabilize asthma and exercise-induced bronchoconstriction with 
medications and proper warm-up
• Reassurance on performance
• Minimal performance effects during competition

• Consider masks that filter particulate in very high pollution 
environments



Training Recommendations
•Check Pollution Forecast
•Avoid pollution as much as possible
• Separate by time
• Separate by distance
• Minimise non-exercise pollution exposure

•On high pollution days
• Shorter, more intense workouts
• Move training to better environment
• Extra care in those with respiratory disease
• Salbutamol/albuterol safe in asthma and exercise induced bronchoconstriction



HEAT





Tokyo Environmental Conditions and Performance



Tokyo Environmental Conditions and Performance
Temp Humid Humidex

6am 25 85% 34

7am 27 80% 37

8am 28 80% 39

9am 31 75% 44

9:30am 33 65% 45

% of PB % of SB Min PB

Medalists -2.5% -5.70

Top 8 -2.7% -6.24

Entire Field -6.7% -16.93

Temp Humid Humidex

6am 26C 79% 35

7am 27C 70% 35

8am 28C 67% 36

9am 29C 66% 38

% of PB % of SB Min PB

Medalists -5.9% -8.72

Top 8 -5.3% -7.87

Entire Field -6.6% -10.58



•Heat 
Acclimation/Acclimatization

•Heat Mitigation
• Pre-event
• Per-event

•Hydration Strategy

Three Pillars of Performance in the Heat



Acclimation/acclimatisation

4
4

J. D. Périard, S. Racinais (eds.), 
Heat Stress in Sport and Exercise, 
https://doi.org/10.1007/978-3-319-
93515-7_8 



Acclimation

4
5

J. D. Périard, S. Racinais (eds.), 
Heat Stress in Sport and Exercise, 
https://doi.org/10.1007/978-3-319-
93515-7_8 



Heat Acclimation

4
6

J. D. Périard, S. Racinais (eds.), 
Heat Stress in Sport and Exercise, 
https://doi.org/10.1007/978-3-319-
93515-7_8 



Acclimatisation Camp

• Heat acclimatisation

• Hydration experimentation

• Hydration/Cooling practice

• Relationship building

• Minimsation of distractions

• Ozone acclimatisation?

Acclimatisation Camp
• Heat acclimatisation
• Hydration experimentation
• Hydration/Cooling practice
• Relationship building
• Minimisation of distractions

• Ozone acclimatisation?



Ozone 
and Heat



Precooling
Percooling

4
9



Pre Cooling

• Immersion – torso
• 10-15C

• Vests
• Slushies/cool drinks
• Avoid shivering

• Shorter warm-up

50



Per Cooling

• Ice cold drinks 
(water/electrolyte)
• Ice cold towels
• Ice cold hats
• Ice necklaces



Hydration



HydraAon

Hydration Planning

• Fluid tolerability/concentration
• Hand offs
• Team Communication
• Athlete SST Individual Meetings
• Discuss and Plan Contingencies



Logistics – Plan Ahead

• Site visit
• Supplies/Equipment
• Water/ice
• Familiarisation
• Practice handoffs

• AVOID
• Shivering
• GI distress



Kipchoge’s 
Bo-le Man -

Claus-Henning 
Schulke



Hydration



Take Home Messages 
• Monitor Environmental Conditions and Forecasts – Separate in Time 

and Space

• Always consider the relevant Air Pollution Recipe - Adapt your 
strategy to this Recipe

• Employ a Three-Pronged Strategy for Heat - Acclimation, Mitigation, 
Hydration
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