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Particle surface area concentrations
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Background — Why particle surface area? iuta
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PMNs

Nanoscale particles (UFP und NP) can penetrate
deep into the human lung and cause adverse

health effects
(Dockery et al., 1993; Oberdorster et al., 2000 & 2004; Kreyling et al., 2002)

Several studies have shown that health effects
seem to correlate best with particle surface area

deposited in the lung
(Oberdorster et al., 1995, 1996, 2000; Donaldson et al., 1998)

UFP/NP have a high surface area to volume ratio
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Oberdorster et al., Phil. Trans. Roy. Soc. (2000) 358: 2719



Particle deposition in lungs of adults iuta
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Instrumentation NSAM ivta
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Instrumentation to determine lung
deposited surface area directly

« Nanoparticle Surface Area Monitor
NSAM, TSI model 3550

* Measures particle surface area,
deposited in alveolar or
tracheobronchial region

e Principle:

— Removes all particles above 1 pm

2.5 L/min
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particle deposition in ion trap ALY | R

— Deposits charged particles and
measures current

e Can be extended to also measure
other fractions of lung deposition L

~25 KV (positive)

for dlfferent human belngS Fissan et al. (2006), J. Nanop. Res. 9: 53-59;
(Asbach et al. (2009), J. Nanop. Res. 11: 101-109) Shin et al. (2006), J. Nanop. Res. 9: 61-69




NSAM comparison with/without dryer
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NSAM comparison with/without dryer: Particle losses

% 300 300

5 01.03.2009-28.9.2010; n=8977 B
f s b |

g 200 Ng_ 200

S | =

%150 r N | [

3 [ Il R : nce

8 100 ‘h M ‘\' " { d\ﬁe"e 10 0/

= |l asure fe er are < . \05565‘)
; ( : C S

without ary eh umicity \m\uec;\ {0 artic! \0SS€
A .
sterenc attripute out Arye!
(de\I\C i 0 reme“ S

. wiht ea

S0 0‘ sS\S NSA il 5200 1 y=0.9573x - 1.644

£ a P\n a\y 5 R?=0.9916

Z 0,90 £ 150

2 = 100 y = 0.9321x - 1.8104
§08 P=[l)-42nL%E)3*u°'385+3,912*u°’452+o,813*u1’333 ; R’ = 0.9915

= .

0.80 LF122=0,9466 é 50 -
0 | |
075 0 000 0 100 200 300

, 100
Particle diameter d,[nm]

NSAM without dryer [um?cm?]



Surface measurement with NSAM iul:n)
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Surface measurement with NSAM uta,
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Deposition efficiency [%]

Surface measurement with SMPS iuta,
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Comparison of alveolar surface area and number concentration
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Number concentration [#/cm?]
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Comparison of alveolar surface area and number concentration  ivta
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Summary ivta
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Parallel long-term measurements of particle number size distributions
and lung deposited surface area concentrations at an urban
background site since March 2009

Influence of humidity with regard to surface area: < 10%

Even at maximum rel. humidity (> 95 % r. H.) only small influence.
Humidity kept low due to activated charcoal and heating of the device
for technical purposes to 45°C. May be different for other devices!!!

The current device has shown to have very good properties for
routine monitoring: single output value (still some limitations),
reliable, online, high time resolution, “cheap”, robust and low
maintenance.

Direct surface area measurement agree too good with those calculated
using SMPS-data! Why?

UFP number concentrations and (lung deposited) surface area
concentration can be viewed as independent values.
=» independent exposure metrics
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