‘ dﬁ%ﬁﬁéﬁ:ﬁw of Diesel Particulate

- % H N g . LR | .
" or Diesel-emitted Paricies 7/

4]

-Actual legal Definition:

anything filtered from CVS-tunnel at temperatures < 52 °C
irrespective of size (1 P. of 1um =1000'000 P. of 10 nm)
irrespective of chemical substance (could as well be water)
irrespective of health effects ?)

Swiss VERT-Definition:

Solid Particles |

and anything adsorbed to it
at tail-pipe conditions

in the size range 10-500 nm
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Mikrofasern

Gesundheitérisiko bei Einsatz von

HdT Essen
17./18.9.1996




Partikelemissionen und Partikelfiltertechnik HdT Miinchen
Referat 1 28./29.6.2001

Anzahlkonzentration bei einem
direkteinspritzenden Ottomotor

1.8E+08
—o— 13 km/hr
) - .- 32 km/hr
3] at -1 i
2 —a— 50 km/hr
o) ' - % = 70 km/hr
E 1.4E+08 =90 krvhr
= ,
S 1.2E+08 -
S
k= |
Z 1.0E+08 -
£
S
£ 8.0E+07 1
= . .
g :
E .
S 6.0E+07 -
o
.n .
E 40E+07
=
z )
]
T 2.0E+07
5 ‘
0.0E+00 -+ ISBORE—_. ey -
10 : 100 ‘ . 1000
~ Particle Diameter, Dy, [nm]

Quelle: Kitteison/Universitéit Minnesota, 1998/1999
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- Relalives Partikelvolumen

Grossenverteilung von Russpartikeln aus
Dieselmotoren mit unterschiedlicher
Zylindergrosse, Drehzahl und Kraftstoff

50 |
|  Molord ! 1
T HF - 380 ! | i
I !

o . i) = !

460 Motor 4 Tl
. DEC |
- ! |

I : Nutzfahrzeuga
L I DK
30 i ! .
1
y
20
10 =
O -—£ l.l
0.001 0,010

Partikeldurchmesser

Quelle: Mollenhauer, MTZ

TTM . - Dresden,
20./21.5.99



 Diesel-Particles downstream of Trap

Size Distribution influenced by Heating Temperatures
Size Distribution influenced Heating

1.00E+06

1.00E+04

1.00E+03

Particle Concentration [#/cm3]

1.00E+02 -

= O —

©|-=-2200C
>=25000

Temperatire in
. particle filer .
> 4600C -

(9]
O

<
©w

(80
<

L M~ O
= (49]

o
N N

113
202

Mobility Diameter [nm]

269 -

TM

Diesel Nanoparticle Emissions

SAE 3/98




N
in the whole Engine Map
Liebherr I
Messungen bei 2000min™ / Vollast
mit Réne-Poulenc 100ppm ohne SHW-Filter
2.5E+5 + ':r:} — =
I 3 : —— 272°C
20845 + N 184°C
= \'.. -—=117"C
q —70°C
5- 1.5E+5 + \:
5 G
a .
g )
g LOE+S +
S s
] S
{ 5.0E+4 +
S’
0.0E+0 : : + -
10 Durchmesser [nm) 100 1000
Messungen bei 2000min™ / 252Nm
* mit Réne-Poulenc 100ppm chne SHW-Filter
40E+5 T
~——370°C
3.5E+5 + — — 274°C
soE+s+ EMA\N T 18476
—==116"C
% 25805 4 —70c
=
8 2.0E+5
£
1.5E+5
3 1 0E+5
5.0E+4
0.0E40 == + e
10 Durchmesser [am] 100 1000
N

Additives form Small Ash Particles

) Licbherr I
‘Messtngen bei 1400min™ / Vollast

mit Réne-Poulenc 100ppm ohne SHW-Filter

4.0E+5
35E+5 + ——368°C
pad e (el
3.0EsS5 + 72 A N 184°C
A\ -——17°C
T 25E45 + —50°C
5. H \‘: X
§ 2.0E45 1 -
3 7. J
I I
g 15E+5 + \
S Ay
M 10E+5 + e
50E+H + SRS
0.0E+0 et ———t —
10 Durchmesser [am] 100 ORI 21000 |5

Messungen bei 1400min™ / 297Nm

mit Réne-Poulenc 100ppm ohne SHW-Filter

50E+5 + 3
i\
-\
40E+5 T -
E a0Es5 | -
c .
8 \
£ i
g 20E45 + R
E \: ;
1.0E45 + \ {
0.0E+0 + =t i ._ 8
10 Durchmesser [nm] 100 " 1000

VERT
™

Clean Diesel Engines for Tunnel Constr_uction

USA/12/97
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Particle Number?

Particle Mass?

Particle Surface? Which has P_riority?

1‘
— Numurer

08 -~ Volume| ..o Nio Tl

0.7
0.6

0.5

0.3

Part Conc. [Arbitrary Units]

0_4__w“muwé”mumémmNmf.wmwwémmwu;wm“mé“wwmfm.ﬂmmlmmmmin..”if

0

Mobility Diameter [nm]

™ Diesel Nanoparticle Emissions

SAE 3/98




Partikelemissio:r"len und Partikelfiltertechnik

: HdT Minchen

Referat 1 28./29.6.2001
Wie fein sind Feinstpartikel?
:'.5..
X

= %) @) ox =
. = 0 =0 O
3 = = - = =
] = P =0 @
0} O ol -0 o
e @ = B — s L 2]
= 5T CE |52 |Tto| 2
ST |fE |ES|EE | 8£|E¢
Ak "E |opR| o E |O| NI

Sandkorn grob

Alveole 0.1

{(Lungenbléschen) .

TSP / Schwebestaub |{0.057 100 0.003

Haar (feinstes) PM10 |0.01 3 0:00 1.7 x 107 | 4 P i

Zelle (kleinste) PM1 [0.001 0.035 7.9 |59x10°| 10 | 1‘000_‘

Licht 0.0004 |

(Sichtbarkeitsgrenze) :

Dieselpartikel 0.0001 [86x10% 3229 003 | 100 |1x10°

(mittlere Grosse) e S TR

Virus 0.00001

(klein)

Gasmolekl 0.000001

(gross SO,)







cl

)

ZH13 ‘ekely 't BleND

uajeilswo|bby g@%ﬁ@@%@ yosiipusp uassoib syss pun
wiu 0ol win ueyieduts 4 ususployssebge puw
(wrl Jessowiyoanpiose ) ulesepelild Ue upyedssny UoA Bunpisyossqy

00z 962/8c iy
UaYIUNN LPH |

)

g “| jelejey
Huyoepe)ieNiied pun usuoissiw|eyied

)

.



BlIaljeyul USHZqaT NZ UUBWIIBYISIfY) J3P BIp ‘[ayiiedleiaulpy PUIS UBYD[Ia] UBUNP BIP LapINMm ULWILLIOUIUD disdolg s/appi

948}/ Lo0U aqamaguagun wi aynyiue askjeuy-wWii43 aig 92197 J9p sep ‘aqamaguaun yainp JuYISUUNPEI}N UUI
(ne[q) 1eydsoyduiniofed yo1s yopul) Wapiagny "epey uayssiaqn 18192 (Syul)) awyeuiny-w3 8iq uuey Lmamm m:wmgmco&&,@
W3 L 13]/3U0NUBALOY 19 UBW 3IP (UIS) [ONIIES-1MOXSNIA Sap uonenyssuaqa asiewep aip 1aqn yunysny asheuy
AUIIRILUNIDIfIS pUIS 19)19Qa3UIB ULEQ *(104) YNy 3PUIYI]SAY aneuas ualop ‘Uaduniade|qy sziemyds uew &ﬁmE:m agumy 19p
usyd1v] uagolgiajauiouey sne Jap 3si sjusuoduroy a3ssiney uj (28 9488 ‘Z66 T HNf “Yeyosuassipn Jap wnpyads) aifuejas

8/q '(Nne|q) Joydsoyd pun (unig) wWnpis ‘(204) joisuajyoy Haypuueyag 195048 Nz ,,1ZI0" S[e 9lp ‘UdpUN}as BYNIUIYISIBID
A 13PIIGSBUN|ISYIBA AUp aluiquIoy Plig-gDY Sed “[oyiedgny  o}e diyer 000G UID 886 T spInm Usdly JajeJZI0 USp Ul i/ plIg

5 i i

S r———

sava vii'W

(HDIZBEILSO) Z¥HD 1YLSHIAINN "L






Z002 1002 000Z 6861 9664 881 oo G681 pad cesl 7861 1661 0884

\

..

00g

000k

00g1

000
0sZ

| v:m:mﬁ_iw u1 S}1J04384 000¢
~ dex ajenonsed Jo f1o1stH

00g¢

000%

ESTmEWb%ULJWW




b

Filtres 2 particules EXPO 02 /Neuchatel 10.7.2001

Tests V Champs d'utilisation Expériences
Systémes de filtre? |
[
Condition pour l'intégration des filtres | -% ” E
dans la présente liste: avoir passé S| e o S
avec succes le test d’adéquation (5.2) | £ | 5 g ke
selon les critéres du cahier des char- '.’% S 'g i
gesVERT (5.1) ; % ‘ @ £ ,... _'%
c | ¢ & s 1885
S 2 = EdRSIB.
®© © ®© O i ‘@[>
> | o S e figa b
3| B %) g g @ :g 3| ©
o | & 8 e | 8 avlba B w | 9
Bl E (e 1ale s |3 [ =
73|22 |E|2 2|3 |8|58 5
LA RS o T [l el aSs) iz
OBERLAND-MANGOLD
Filtre a fibres tricotées :
e R: additif de carb. satacen (Fe) ¥ ) ) . o © L >2000
Filtres a fibres spiralflow : , |10'000
e R: additif de carb. DFX-DPF ¥ o | o | o | o] 8o e |
UNIKAT R
Filtre cellulaire céram. CORNING _ | RO S
e R:régén. électrique & larrétabord | o | o . e | & | e [25000{>7000{
e R: filtre interchang. (régénération | e | @ B
ext.) :
Filtre cellulaire céramique IBIDEN o o | o ? 1 ?
¢ R: additif de carb. satacen (Fe) o ® o | o
o R: filtre interchang. (régénération ' |
ext.)
Filtre & fibres tricotées BUCK :
e R:add. de carb. DFX-DPF (Ce/P)?| o o ¥, ?
Filtre & fibres tricotées KANY -
* R additif de carb.DFX-DPF(Ce/Pty”] e . S
. R addltnc de carb.: satacen ¥ . . . 22
. R. revetement catalytrque i
e R: additif de carb. satacen 3 . e o Y; ?

le | o Résultat posstrf pour les deux partles du test o’ adequatlon comp!et (etat neuf et apres utlhsat|on)

- Tous les autres cas sont assortis de réserves.
2 Les systémes de filtre doivent étre définis et marqués de maniére umvoque dans feur eqmpement technique.
3 L'emploi d’additifs de carburants n'est admis qu’en liaison avec des dispositifs automathues de dosage «on-board»

4 Cet additif n’est pas encore admis en Suisse.



5. ETH—Conference on Nanoparticle Measurement

Verification Tests and Control Schemes
for Diesel Particulate Filters in Switzerland

Type
Approval
VFT 1 Steady state
VERT Filter Test + transient during
regeneration

EC/PM/SMPS/NM -
VSET Steady state
VERT secondary PAH/PCDD/Nitro-PAH
emission test Size spec. analysis

 GC-MS./ELPI

chem. analysis

VFT 2
VERT field Test

b}

Controlled field
test > 2000 hrs
datalogging

P/T/RPM

VFT 3
Repetition of
VFT 1

Steady state
+ transient during
regeneration

v

Filter List
recommended
systems

Field
Control
Steady state | mandatory
+ transient | periodic field
test 1 x plyear
_-Opaci{y/ BC =
Steady state | Optional:
low/high idle | Gas emissions

COICOO

converter stall )/ S
| NONOZHC
e B
i ENDIR
Steady state Statistibal:
+ transient | fine particle
free accell. | filtration
measurement

- Nanomet

<

Filter listing confirmed, if failure rate < 5%

L »

rejected if > 5%



CARB DIESEL Retrofit Meeting - Pasadena 5.June 2001

-,—«\ e

=
29 ] E
xx,.@%wi\;‘%'ﬁw E

Filtration rate for Particulate Mass desirable >80 %
Filtration rate for Particle Number mandatory > 95 %

Filtration rate for EC-Mass mandatory > 90 % -

For the fresh, loaded and regenerated trap
the new and old trap (old = 2000 hrs of field operation)
also transient during regeneration

No increase of any other toxic emissions
CO, HC, NO, NO5, N,O

Sulfates (desirable)

PAH, Nitro-PAH, PCDD/F

Heavy metals in any form

Pressure loss for loaded trap < 200 mbar
New traps should unloaded be below 50

Automatic dosing systems for fuel additives

Electronic OBC with 2 alarm levels for |
trap clogging (2 stages orange/red) and trap damage

Field refuse criterion: < 10 % opacﬁy (?UHUEG 5 %)
Equivalent 0,24 1/m and 0,033 g/m

during snap acceleration (low to high idle)
Cost < 100 SFr./kW (future < 50 SFr/kW)
Noise, Safety, Size, Heat radiation

Investment, maintenance cosf, Service Interval

++ + + + see Filter List

11



CARB DIESEL Retrofit Meeting - Pasadena 5.June 2001

Swiss Legislation / Regulations 2001

“Diesel soot particles are carcinogenic and must therefore be
minimiged acc fo—BAT”

BUWAL (Swiss Environnement Protection Agency)
requires traps for Diesel at construction sites

In or closeby cities

Implementation by local government (Cantons)

only VERT-certified trap-systems recommended

periodic field control required (yearly)

exceptions for very short operatlon period (weeks)

in force 1998
http:/iwww.buwal.ch/projekte/luft/partikelfilter/e/index. htm %

SUVA (Swiss Occupational Health Authority)
requires traps for underground work |
and all closed or semi-closed rooms

100 % application, no exceptions

only VERT-certified traps are accepted

in force 2000

http://www.suva.ch

Trap systems must comply with other legislation
(noise, safety)
in force 1990/95

Trap systems using catalytic coatmgs or fuel catalysts
must prove “no emission of secondary toxic emissions”

In force 1990
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Partikelemissionen in der Schweiz und Kalifornien

. | Gesamt Onroad Offroad

Schweiz ' o -
t/a | ta % t/a | %_ |

1990 (49) 2600 50 2600 | &0
1990 (49+) 2615 50.3 2582 | 497
1995 (49+) 2096 44.9 2577 55 4
2000 (49) 40 80
2000 (49+) 1574 37,9 2576 62,1
2010 (49) | 30 ] %6

o 2010 (49+) 548 | 19 232 | 81|
Kalifornien
1990 4241 | . 578
2000 288 74.2
2010 | | 237 763

TTM 6.11.2001



EU-Offroad-Meeting 8.November Brissel

The Swzgﬁ Chronicle to reduce Diesel Particulate
emissions by > 99 % |

o Offroad Emissions Inventory 1993
(computer-model for predictions now available on CD)

e VERT-Project 1994-1998 to define and prove BAT

e BUWAL (Swiss EPA):
Clean Air Act Amendments 1998
- Diesel Particulate classified as “carcinogen”
(to be minimized acc. to BAT irrespective of cost)
- PM 10 — Limit 20 pg/m3 (exceeded in all cities)
- Traps for construction sites in/nearby cities

o SUVA (Swiss Occupational Health Authority):
Traps mandatory for the working place 3/2000

e Implementation Tools:
- Trap-system specification 1996
- Trap-system-verification protocol 1997
- - Filter-list of all verified traps on the Net 1998
- Ultrafine particle metrology “NanoMet” 1999
- EC-oriented calibration method CAST by EAM 1999
- Trap OBD-systems “LogLink” 1999
- Trap manufacturer association AKPF 1998
- Nanoparticle measurement conference since 1997
- BauRLL: Traps at all construction sites class B in 1 year
- | class A in 5 years

e > 4000 traps in operation — controlled by field testing

e STUMP-Postulat: “Retrofit of all swiss HDV-onroad (66'000)
with efficient filters vehicles as soon as possible”
-Government decision expected in 2002



Einflul& keramischer Filter auf die
GréBenverteilung von Dieselpartikeln

Ergebnisse
Partikelanzahl: |
1 ' st Leedauf, ohne Last, SECppmS :
| | ——14401pm, 25% Last, 380ppmS |
. 'N‘\\ —— 1440 1pm, 100% Last, 380ppmS
— 0,1 — 2400 rpm, 100% Last, %Dppms R
3l I —— 1440 pm, 25% Last, 10 ppmS i s
ﬁ 0.01 .Q/W\\ \ 1440 rpm, 100% Last, 10 ppmS g : .
g ﬁ‘% Go o
S 0001 e
5 of
Q
0,0001 — e
Durchbruch = Emissionnach Filter T
0,00001 . __Motor—Rohemission

10 100 1000
Mobilitatsdurchmesser [nm]

Bild 2: GroBenverteilung des Filterwirkungsgrads B

Figure 2: Size dependent efficiency and breakthrough
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EU-Offroad-Meeting 8.November Briissel 1

Comparison of particle size spectra
of 2 modern traps with fuel additives

Liebherr D914 T, 1400 min™"/ full load, after reg.
with thermodenuder

1.0E+7 +— _
| DPX9 50 ppm
" 1.0E+6 + - ‘

T .

1.0E+5 + = - °

1.0E+4 +

1.0E+3

1.0E+2 -

 conosntration dW [cm-3]

. 1.0E+1 +

1.0E+0

10

“0.01 -
£ 0.001
00001 4
0.00001 + i — D e e 2
10 diameterfom] 100 . 1000

L]

penetration '
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_  TestCycle: Free Acceleration |

without trap

1.L1B2
2. CAT4
3. CAT3

' 4.CAT1

EU Conference
20.10.99
Brussels

Measuring and Reducing
Diesel Particulate Matter
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HdT Essen
| 17./18.9.1996

A

Faserverteilung im Knoten

TTM
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Der SHW-RuBfilter fiir Dieselmotorén

_ Schon Heute Weiter s H w'
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— Collection efficiency (%)

99.9—— ¢

| Ventwi | Muiplecycone®y | |
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70—

- Medlum efflclency
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CARB IDRAC-Meeting Pasadena Feb.6.2002 ---Contribution TTM / Switzerland

‘Where are the Additive Oxides left?

Some coat the engine surfaces (catalytic activity)
mainly in the initial phase

Some end up in the lube oil
(effects unknown)

Some leave the engine attached to soot particles

Some leave the engine as small oxide clusters

1400 min'/50% load

witho
1E+0B6 o o= mn o hout trap

.

—am b Am ev R aw ooy

"

- .S -~
.

- - - -
pp— e - il

- -
- —

—without additiv
------ with additiv ey

diameter [nm]

VERT-data with transition metal additives
Concentration: 100 ppm Ce



ELF 4 /CBB /AFHB ‘01 Fig. 19-1

comparison of emissions
~with / without CRT & AQUAZOLE

B ]
0.16 - PMengine [0/kWh]
0.12 4
0.08 - é
0.04 - ‘
e .. E.Ez E.

1400min-1 full charge

1400min-1 297Nm 2000min-1252Nm  2000min-1 full charge  1400min-" full charge

20+ NOy [g/kWh]

1400min-1 full charge

S|

T

1400min-1 297Nm 2000min-1252Nm  2000min-1 full charge 1400min-* full charge

1.2 - | CO [g/kWh]
. 0.8- ' -
é L E
0.0 'l . T E T T > T _""""‘—'—1
1400min-1 full charge  1400min-1 297Nm 2000min-1252Nm  2000min-1 full charge 1400min-1 full charge
: B w/o particle trab - ULSD
HC [g/kWh] Bw/o particle trap - AQUAZOLE (13% water) ULSD
05— Bwith particle trap CRT - ULSD
] Ewith particle frap CRT - AQUAZOLE (13% water) ULSD
0.4 = . ——
0.3 =
0.2 - —
D% —
0 4 e

1400min-1 full charge :

1400min-1 297Nm 2000min-1 252Nm  2000min-1 full charge  1400min-1 full charge




ELF4/CBB [AFHB '01

FIg. 211

O20606.ds

Size distributions with ELF Fuel, Engine: Liebherr D914T
1400min™' / full load - mean of 3 samples, with thermodesorber

without particle trap

concentration dW [cm-3]
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Negative Effekte von Partikelfiltersystemen

o Druckverlust: im Fahrzeug 100 - 200 m'bar
(bei Stationdrmotoren wird < 20 mbar verlangt)

- Bisheriger Grenzwert fiir Schallddmpfer + Kat: < ca. 60 - 80 mbar

- ab ca. 300 mbar steigen Emissionen, Bauteiltemperaturen und
Brennstoffverbrauch (iberproportional an.

45 ~glkWh : Ruly (mg/Ncbm)

248 -

246 - 1 40

244 H

242 qremm e RuRemission P 80

240 -

238 -~ —~ 20

236 - o

234 - = = 10
4'_ ry? "W = -

igi 1<_‘ Zul. malx. Gegendruc*k , ; | | , ' o
50 75 100 130 150 200 250 300

Gegendruck (mbar)
Zum Vergleich:

- Motormitteldruck: | 10 - 20 bar
- Motorspitzendruck: 140 bar
- Motorbremsengegendruck: ca. 10 bar

o ErhShung Brennstoffverbrauch

Crundsatziich gemass 2.0 . . Druckieriust
J B indizierter Mitteldruck

Beim Nutzfahrzeug-Motor ist eine Verschlechterung des
Brennstoffverbrauchs um 3 - 6 % zu erwarten

o Aktive Systeme wie Brenner und elektrische Beheizung brauchen.
Zusatzenergie. Beim Brenner unter 1%,

Elektroheizung ca. 2 - 3 % der Nutzleistung (?)

VERT Fakten und Thesen Dieselpartikel 18.6.97
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A

DEUTZ
Seite 9

Die vergéRerte Darstellung von Blld 8 in Bild 9 demonstriert nochmals emdeutlg den '
Effekt der Eisenablagerungen in den Kanilen und die értliche Schmelzwrrkung im.
Filter. Bei Betrachtung der unteren Kanéle werden ebenfalls die Pinholes mlt '
geschwadrzten (festverbackendem - Magnetit) Rand sichtbar

Bild 9: VergréRerung von Blld 8 mlt Schmelzkavernen Fe—AbIagerungen und
- Pinholes. | e



HdT Miinchen

Partikelemissionen und Partikelfiltertechnik
28./29.6.2001

Referat 1

-Abscheidung von Feinpartikeln
in Nase, Bronchien und Alveolen

10| B B0
\ ~== 750 ml oS / |
Q — 2150 m!
_ ] " —O- 1 RESPIRATORY
' o, A _.o--{ TRACT |
\& 4 & —a—InasaL |

040| Noofd 4 Tjrumonsar |

) —O—7] TRACHEAL
) 7~ SN_  --O--{ BRONCHIAL

DEPOSITION FRACTION
{
;
~O.
L

. Y
1 L~ "-..‘J

_ = ol
- 01 1.0 10 100

e

MEDIAN DIAMETER-MICROMETERS

Quelle: Hinds, Aerosoltechnologie, 1982



Depositionswahrscheinlichkeit von
Feinstpartikeln im Alveolarbereich

80

5 1 1T Akl

70

N hygroskopisch .

-\\ | - nicht hygroskopisch }

60

50

Deposition [ % ]

10

0,01

01 P Y

Diffusions - Aquivalent - Durchmesser [ pm ]
(trocken)

Quelle: MAK: Aerosole-Staube-Rauche und Nebel, 24. Liefe'ruhg 97

TT™

Dresden,
20./21.5.99
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'PARTICLE MASSOONGENTRM‘ION (ng/mA3)

2000 |

SOOT DEPOSITION IN THE HUMAN RESPIRATORY TRACT
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" CANDLE 00T

o SIGNAL OF INLET AIR FLOW

SIGNAL OF OUTLET AIR FLOW
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Der Weg der Partikel in den

Organismus

Alveolarbereich :

. erfolgreiche i _
. Abreinigung . partikelzutritt

¥ 0

partielgeladene |

.-“‘ PR

Mekiophage |

;\__/ Alveolar

s W [ 2

Makorphage

% » . : . \ | o
5 Lymphgelass 1
» \ //
‘ Fibroplast '

Makesphage: . Sekeetion Interstitiurm |

D

~ Sekrelion

ftrafine (Nanometre) Particle Mediated Lung Injury

Quelle: U
I, J.Aerosol Sc. 5.6 1998

Donaldson et a

- —
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| Dresden,

TTM
90./21.5.99
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B = Beweglichkeit des Teilchens

D = Diffusionskoeffizient des Teilchens

k = Boltzmann-Konstante

T = absolute Temperatur

C = Gleitkorrekturfaktor des Teilchens
(Cunningham-Korrektur)

- C nahert sich fir kleine Partikel < 100 nm einer 1/d-

Abhangigkeit

n = Zahigkeit des Dispersionsmittels (hier: Luft)

d = Teilchendurchmesser

Quelle: Ultrafeine (Aerosol)-Teilchen und deren Agglomerate und Aggregate
Messung von Gefahrstoffen, 21. Lfg. X/98, BIA Arbeitsmappe 0412/5

TT™M | - | Dresden,
: | 20./21.5.99



Partikelemissiohen und Partikelfiltertechnik HdT Miinchen

Referat 1 . 28./29.6.2001
L ]
Die Lunge
Einfalistor flir Luftschadstoffe
- 1 Nasenhdhle
2 Mundhdhie
3 Kehikopf
4 Speiseréhre
5 Luftréhre mit Stimmbéndern
6 Bronchien f
7 Lungen ‘
8 Lungenbldschen WVeo!en)
. 23 m3 Luft pro Tag
- 5-20 | Luft pro Minute / 5-10 | Blut pro Mmute
- Austauschflache 30-100 m2
- 500'000'000 Alveolen ( 5000'000'00C Partikel pro | Abgas)
- 2000 km Kapillaren
- 23 Verzweigungen von Nase bis Alveolen
- Geschwindigkeitsverminderung 1:250
- Restgeschwindigkeit in den Alveolarkanélen: 0,1 cm/s
- Verweilzeit 1 s
= - Gasaustausch durch 2 Zellschlchten ca1um

Quelle: Birgersson, Chemie und Gesundheit



