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Concern: Association between particulate air pollution and
mortality
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Direct correlation between mortality and particle concentration (PM2.5):
7 deaths/100 000 persons/year/ ug/m3 PM 2.5
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Aerodynamic size in air is the important predictor of
pulmonary deposition during inhalation exposure
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Nanomaterials aggregate in air
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Evaluation of cancer risk by IARC
(WHO’s research institute for carcinogens)
• Almost all current aviation fuel/jet fuels are extracted from the middle distillates of
crude oil (kerosene fraction), which is in between the fractions used for gasoline
and diesel
• Diesel engine exhaust is classified as carcinogenic to humans (class 1) by IARC
• Gasoline engine exhaust is classified as possibly carcinogenic to humans (class 2B)
by IARC
• Carbon black (pure carbon particles) is classified as possibly carcinogenic to
humans (class 2B)
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Cumulative dose-response relationship between diesel exhaust
exposure and lung cancer risk in three epidemiologial studies

Vermeulen et al, 2014, EHP

Risk estimate and OELs for DEP based on
epidemiological evidence

The new EU OEL for
DEP is 50 ug/m3

Vermeulen et al, EHP, 2014

Based on this evidence, NL and DK have adapted an occupational expoure limit for diesel
engine exhaust at 10 ug/m3 REC or EC, respectively

NRCWE studies on airport emissions

• Particle collection and characterisation of particles from a large
commercial airport and a non-commercial airfield (PMID: 31182125 )
• Animal study where mice were exposed in the lungs to collected particles
alongside standard NIST diesel exhaust particles and carbon
nanoparticles (PMID: 31182125 )
• Work place exposure assessment and biomonitoring at a non-commercial
airfield with jet fighters (PMID: 34504215)
• Review of the litterature on airport emissions and health effects
(PMID: 33549096)
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Review: Expoure assessments by others
Table 1. Reported levels of occupational exposures of BC and particles in airports
Black carbon
Mean black carbon concentrations
3.78 µg/m3 (during boarding/disembarking)
measured at different micro-environments
3.16 µg/m3 (airport concourse)
of airports and in commercial flights

NA

Targino et al.
(2017)

2.5 x 104 particles/cm3 (crew chief)

Buonanno et al.
(2012)

2.78 µg/m3 (inside aircraft with open doors).
0.81 µg/m3 (inside aircraft on the ground with closed
doors)
Particles
Total mean concentration of 10 daily UFP
6.5 x 103 particles/cm3 (downwind site)
samples with personal monitors placed with
crew chief and hangar operator

Geometric means of personal exposure to
NA
particle number concentration carried out in
five different occupational groups

Particle and metal exposure in ambient air 1.0 x 104 – 2.1 x 107 particles/cm3 (apron workers)
and in airport workers using exhaled breath
103–104 (office staff)
condensates

Maximal UFP number concentration of UFP
exposures investigated for 33 male
employees working in an airport taxiway

Airport workers were exposed to significantly smaller
particles (mean geometric size: 17.7 nm) compared to
office workers (mean geometric size: 23.7 nm).
9.59 x 106 (during support tasks in taxiing and taking
off of the aircraft)

1.7 x 104 particles/cm3 (hangar operator)
Median number concentrations for 2 months
measurement period
37×103 UFP/cm3 (baggage handlers)
5×103 UFP/cm3 (landside security)
12-20×103 UFP/cm3 (catering drivers, cleaning
staff and airside security)
Particulate content was found in exhaled breath
condensates, but no difference was found
between the two study groups

2.44 x 103 particles/cm3
Median UFP number concentration

Møller et al.
(2014)

Marie-Desvergne
et al. (2016)

Marcias et al.
(2019)
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Review: Health effects related to airport emissions
• Biomonitoring studies:
• Cavallo et al. (2006): PAH exposure correlated with biomarkers of
DNA damage in 41 airport employees in jobs with high or medium
exposure risks in Leonardo da Vinci airport in Rome
• Erdem et al. (2012): Urinary metabolites 1- and 2-naphthol as
biomarkers of jet fuel correlated with biomarkers of DNA damage
among 43 aircraft fuel maintenance staff, fuel specialists, and
mechanics
• Lammers (2020): 21 healthy non-smoking volunteers were
repeatedly exposed for 5 h to ambient air near Schiphol Airport,
while performing intermittent moderate exercise. Exposure was
associated with decreased lung function (mainly FVC) and a
prolonged QTc interval (a biomarker of cardiovascular function).

• Epidemiological study:
• Møller et al. (2017 and 2019): A prospective,
occupational cohort study in CPH, encompassing
69175 men in unskilled positions as baggage
handlers or in other outdoor work. No associations
between cumulative apron-years and
cardiovascular disease outcomes were found. On
the other hand, since the exposed group had a
mean age of 24-35 years, a 22-year follow-up may
have been too short to detect cardiovascular
effects

• Andersen et al. (2021): Cross-sectional study of 79 employees at a
Danish air force military base. Exposure to particles, PAH,
organophospate esters (OPE) and biomarkers of DNA damage and
inflammation was assessed. Jobs with potentially high exposures
were compared to jobs with potentially low exposure. Crew chiefs
had increased exposure to 1 specific PAH and one OPE. No effect on
biomarkers were observed.

Bendtsen et al, PMID: 33549096
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Study: Jet engine emission particles

• Aircraft engines emit large amounts of nanosized
carbon-based particles
• Primary particle size ca. 15 nm (smaller than DEP)
• Aggregate in air
• PAH content similar to standard NIST DEPs
• Metal content similar to standard NIST DEPs
• Airport emissions from a commercial airport were
much more complex and contained salt crystals,
organic particles ect in addition to the small soot
particles
• Overall conclusion: Jet engine emission particles are
similar to diesel exhaust particles (but somewhat
smaller)
Add presentation title in Header and Footer

EM picture of jet fighter emissions during taxi (from a chasing car)
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Animal study of health effects following lung exposure to airport
emission particles
• Animal studies are used to establish causal relationships, which is difficult in epidemiological
studies
• Mice were exposed by pulmonary expoure to JEP (jet emission particles) and CAP (Commercial
airport particles) by pulmonary instillation at 3 dose levels and followed for 1, 28 and 90 days
• Pulmonary expousre (intratracheal instillation) can be used for hazard comparision and ranking
• Endpoints:
• Lung histology (Biopersistence and histological changes)
• Lung inflammation (biomarker of toxicity)
• Acute phase response (biomarker for risk of cardiovascular disease)
• DNA damage in lung, lung fluid cells, liver (biomarker for risk of cancer)

Præsentationstitel
13

Both types of airport emission particles induced dose dependent
inflammation and acute phase response, similar to carbon
nanoparticles and standard diesel exhaust particles
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Two different airport emission particles cause the same health
effects in mice as standard NIST diesel exhaust particles and
carbon nanoparticles
• The two airport emission particles have similar physico-chemical properties as
diesel exhaust particles, although they are slightly smaller
• The two airport emission particles induce the same health effects in mice as two
NIST standard diesel exhaust particles including:
• inflammation (general toxicity marker),
• acute phase response (biomarker of cardiovascular risk)
• weak indications of DNA damage (biomarker of cancer risk)
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Summary

• Airport emission levels reported in many studies are relatively high, but below
current occupational exposure levels
• Aircraft emission particles have similar physico-chemcial properties as diesel
exhaust particles and carbon nanoparticles
• Aircraft emission particles have similar health effects as diesel exhaust particles
and carbon nanoparticles in mice including increased inflammation and biomarkers
of risk of cardiovascular disease and cancer
• Biomonitoring studies find associations between exposure to airport emissions and
biomarkers of DNA damage, lung function and cardiovascular function.
• Taken together, the evidence suggests that aircraft engine emission particles and
airport emissions have similar health effects as diesel exhaust particles and other
traffic-related emissions
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Metal and polyaromatic hydrocarbons (PAH) in collected particles

Ø The two particle types had very similar content of PAH and metals
Ø Levels were similar to that of standard NIST diesel exhaust particles
Table 4. Extracted elements from analysis of 4 mg of jet engine particles (JEP ) and
Table 3. Content of 16 PAH in airport-collected particles.

Extracted
elements
analysis of 4 airport
mg JEP and
CAP
particles
from from
a commercial
(CAP).

Li
Mg

JEP
3
950

CAP
17
8,655

NIST 2975
1/ND
291/281

CB
3/ND
ND /ND

Al
V
Cr
Mn
Fe
Co

3,057
6
17
134
2,788
9

9,735
11
146
125
5,386
15

ND
5/1
90/102
11/11
814/743
7/8

203/0
ND
ND
1 /ND
498/0/-

Ni
Cu
Zn
Ga
As
Se

200
1,147
7,433
1
4
5

249
14,884
31,897
3
5
14

55/65
24/5
13,926/17,003
ND
1/2
ND /2

0/13/3
ND
ND
-/1
ND

Rb
Sr
Ag
Cd
In
Cs

7
44
62
6
ND
1

8
427
35
3
1
1

ND
8/1
ND
ND
ND
ND

ND
2/1
ND
ND
ND
ND

b mg/g particles
PAHa
CAP
Ref. NIST2975
Ref. CB
Naphthalene
ND
Acenaphthylene
- 0.009(0.0009)
Acenaphthene
ND
Fluorene
0.001(0.00007)
0.0±0.0
<1
Phenanthrene
0.008(0.0005)
<1
Anthracene
ND
Fluoranthene
0.008(0.00007)
0.0±13
11 0.04(0.0007)
Pyrene
0.1±0.1
<1
Benz(a)anthracene
ND
0.5±0.7
<2
Chrysene
ND
Benzo(b)fluoranthene
+
0.9±0.6
<1 0.01(0.0009)
Benzo(k)fluoranthene
16±4
<2
Benzo(a)pyrene*
0.005(0.0004)
Dibenz(a.h)anthracene
ND
<2
Ideno(1.2.3-cd)pyrene
ND
<10
Benzo(g.h.i)perylene
ND

JEP mg/g particles

NIST1650B$
(mg/g)

NIST2975$
(mg/g)

ND
0.01(0.002)
ND
0.001(0.0002)
0.001(0.00008)
0.001
0.001(0.00008)
0.007(0.00007)
ND
ND

0.007(0.0004)
0.001(0.00004)
0.0002(0.00002)
0.001(0.00004)
0.07(0.004)
0.008(0.0004)
0.05(0.001)
0.04(0.001)
0.006(0.0004)
0.01(0.0006)

0.004(0.0001)
0.0005(0.00003)
0.003(0.0002)
0.02(0,0003)
0.00005(0.000002)
0.03(0.0005)
0.002(0.0002)
0.001(0.00004)
0.006(0.0001)

0.02

0.009(0.0009)
0.001(0.0001)
0.0004(0.00008)
0.004(0.0002)
0.006(0.0003)
0.22

0.01(0.003)
0.0008(0.00004)
0.0005(0.00005)£
0.002(0.0001)
0.002(0.00009)
0.086

0.009(0.0004)
ND
ND
ND

∑PAH0.081
0.05
PAH was
- measured by GC-MS
- and listed as blank corrected mean values (N=2) with standard deviation in parenthesis. The PAH
were extracted with cyclohexane from the two water suspensions of each particle used for the instillation in mice. ND=Not Detected.
$The highest
concentrations given
in the Certificate of Analysis measured by several different methods and the associated expanded
<0.4 £For NIST2975 the value is for Dibenz[a,h + a,c]anthracene
uncertainty
given in parenthesis.
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Exposure assessment at
the non-commerial airfield
The instruments reached their upper
detection limit

Car
1: ELPI
2-4 and P: four
DiSCminis

Also the particle counter in the
breathing zone of the Crew Chief
(Klarmelder)

3: Nanoscan and OPC

Total number concentration

Particle size <500 nm
The majority <10 nm

PL: Deaparture

PA FT: Arrival and fuel tanking

Exposure levels for the Crew Cheif at the non-commercial airfield

Exposure levels in a jet engine test facility: 2-4 x 106 particles/cm3 (data in supplementary)
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Inhaled TiO2 nanoparticles in the lung are removed very slowly

Mice inhaled 40 mg/m3 nanosized TiO2 1 hour daily for 11 days.
TiO2 content in lung tissue was measured by ICP-MS.
Exposure

Days after exposure

N

TiO2 in lung (mg/kg)
(mean ± sd)

Procent of
deposited dose

TiO2

5

3

63 ± 10

24%

Air

5

3

<8

TiO2

25

3

55 ± 30

Air

25

3

<1

21%

Hougaard et al, PF&T, 2010

Inhalation of nano-TiO2 results in long lasting
inflammation
After 5 days

After 4 weeks
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