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Prasnost
Exhalace z dopravy
Oteviené spalovani




Zachyt tuhych pfimési

Technicky vétsinou dobfe feSitelné
Emise tuhych castic:
opracovani kamene

Zpracovani zeminy
metalurgie

& & & &

energetika
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Zachyt tuhych pfimési

Nezadouci:

%  Spalovny — ekologicky
%, Chemicky primysl - technologicky

Dulezité vlastnosti:

% velikost — 0,01 — 1000 um
L, Castice jedné velikosti — mono-disperzni systém — vyjimecné
L, Castice — riizné — polydisperzni systém

Research Centre for Toxic Compounds in the Environment
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Zachyt tuhych pfimési

Princip tfidéni

Postupné vynaseni Castic ze zakladniho souboru plynem nebo
kapalinou o postupné zvysované rychlosti

Prach
Koncentrace, mérna hmotnost, lepivost, abrasivost
Odlucovace

Tvar Castic, mérny povrch, permitivita, elektricky naboj a odport,
smacivost, explozivnost...

Research Centre for Toxic Compounds in the Environment
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Zachyt tuhych pfimési

Z.afizeni: 99.99,
& Odlucovace mechanické — 99.9
suché, mokré

-3

filtering separator

o4
%  Odlucovace elektrické — suché, :
] electrical
mokré separator
. 00—
% Filtry

200 Ventun washer
vortex washer

Ucinnost odlucovacu:
Celkova odlucivost — vahova %
odlouc¢eného prachu + celkové

—#washing tower
;
#~cyclone

5l

degree of fraction separation T (x,)

mnozstvi prachu
Frakcni odlucivost — odlouceni D.ﬂ& . :
ve. . ve. s . . 01] 005 010512 51020 100
urcité frakce o urcité velikosti 0.02 ot Cisen)
Mez odlucivosti — rozmér Castice, P
50, kdy je frakéni odlucivost
rovna 50%

Figure 2.5.2 Comparison of different dust
particle separation systems
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Ostatni exhalace

Domaci topenisté — nahrada tuhych paliv plynnymi, elektrickymi a
centralnim zasobovanim

Research Centre for Toxic Compounds in the Environment
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Exhalace z prumyslovych podnik

Velka variabilita zdrojt
%  Typ a koncentrace produkované skodliviny
% Emisni podminky

- mnozZzstvi odplyni

- jejich teplota, tlak, sloZeni

- obsah tuhych pfimési
- obsah agresivnich latek

Research Centre for Toxic Compounds in the Environment
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Metody likvidace Skodlivin v odpadnich plynech

Y% mokré — absorpce
% suché — adsorpce
- termicka likvidace

- katalyticka likvidace

% biologické

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




Exhalace v dopravé

Energy
Energy
Energy Riatursi Pro_duct]on of
Eam—— maintenance
5 Crudeoil products
production
Fuel
production
- Addlllv&.:s
production
N Steel ) |
production
Natural - -
resources Energy Energy
Bl = Alumin'um ||
production
> VERIElE : Use of vehicle F End. of :
manufacturing ; vehicle life
Plastics ; - —— -
] production | l/ 1 \I,
e Recycled Waste Reused parts, |
materials recycled
Other_ _J and waste materials,
“—> materials saie
production*®
*For example: rubber, lead, glass, paints, and coolants.
Figure 10-12
Important input and output components in life cycle assessments of motor vehicles. (Source:
M. Freemantle. Total life-cycle analysis harnessed to generate “greener” automobiles.
Chemical & Engineering News November 27, 1995: 25.)
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Exhalace v dopravé

Automobilova doprava — dominantni 70 %
Nejvétsi znecist’ovatel ~ 3 mld automobila

1 vozidlo ~ 12 t skodlivin ro¢né
~ 700 kg CO
100 kg HCs
35 kg NOx
PAHs, Pb, RCHO

Research Centre for Toxic Compounds in the Environment
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Exhalace v dopravé

Zazehové motory — smes paliva a vzduchu je nejprve ve valci
stlacena a pak zapalena elektrickou jiskrou:

% karburacni — smés se pfipravuje pfi plnéni valce
% vstfikovaci — palivo se vstfikuje do komprimovaného
vzduchu ve valci na zac¢atku komprese

14,5 — 15 kg na 1 kg paliva
Nedokonalé spalovani ®RH, CO
Oxidace » RCHO, NOx

Vysoka T, p = PAHs

Research Centre for Toxic Compounds in the Environment
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Exhalace v dopravé

Vznétové motory - nemaji karburator ani elektrickou iniciaci —
zapaleni paliva — vstfikovani do stlaceného vzduchu, jehoZz
teplota kompresi dosahla meze zapalnosti.

Nutny vysoky pfebytek vzduchu:

~ 20% - tvorba sazi
~ 60% - dokonalejsi spalovani — vice NO_

Research Centre for Toxic Compounds in the Environment
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Exhalace v dopravé

Vliv konstrukce motoru na obsah Skodlivin ve vyfukovych plynech

Zazehové motory:

% uprava motoru

% sniZeni obsahu skodlivin ve vyfukovych plynech - 1ze
kombinovat

% opatfeni tykajici se zmén ve sloZeni paliva

Uprava motoru:

upravy vedouci ke zlepSeni pfipravy palivové smési
zdokonaleni zapalovani
recirkulace vyfukovych plyni

& » b

sniZeni toleranci ve spalovaci €asti motoru

5. pfechod na chudé smési

Research Centre for Toxic Compounds in the Environment
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Exhalace v dopravé

Vznétové motory

Emise Skodlivin = funkce (konstrukce spalovaci komory)

&(

osobni - motory s tlakovou pfedkomiirkou
nakladni — pfimy vstfik paliva do valce = niZsi spotieba,
vyssi emise, hlu¢nost

&(

Turbomotory — pfepliiovany vznétovy motor

Spalovaci vzduch je vhanén pod tlakem pomoci turbodmychadla
hnaného energii vyfukovych plyni

Pfiznivéjsi spotfeba sniZeni emisi

Research Centre for Toxic Compounds in the Environment
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. Emise ze spalovani vegetace

A)

05 decomposition s chemical

stratosphere

reactions
CO,
r 0y 4 greenhouse gases bmd.mg by
i growing
e g vegetation

CHy4

Figure 2.3.3 Emissions from for Toxic Compounds in the Environment 16
burning vegetation .
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Ptirodni zdroje znecisténi ovzdusi

Figure 3.10. Natural forest fire in Yellowstone National Park on August 1, 1988. Emissions
from the fire include gases (e.g., carbon dioxide, carbon monoxide, nitric oxide, organics) and
aerosol particles (e.g., soot, organic matter). Photo by U.S. Forest Service, available from
National Renewable Energy Laboratory.

Research Centre for Toxic Compounds in the Environment
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Ptirodni zdroje znecisténi ovzdusi

Figure 5.7. Soot emissions from a prescribed burn at Horse Creek Mesa, Big Horn National
Forest, Wyoming, October 9, 1981. Photo by U.S. Forest Service staff, available from the
National Renewable Energy Laboratory.
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Ptirodni zdroje znecisténi ovzdusi

Figure 5.4. Dome-shattering eruption from
Mount St. Helens in the fall of 1982, Photo by
Peter Frenzen, available from Mount St. Helens
National Monument photo gallery.

Research Centre for Toxic Compounds in the Environment
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Atmosféra — znecCisténi ze spalovani odpadu

T

combustion chumh::rg steam boiler H electrofilter H flue gas scrubber

exhaust gases (SO2, NO, HCI, HF, CO), CnHm,
PCBs, PAHSs, dioxins, furans, dust, heavy metals

B

"1

slag
4

A

road construction with slag

leaching of
heavy metals

3 5 1

fly ash filter dust flue gas

H r—l cleaning ;mﬂucts

lrll»

dioxins, furans,
heavy metals underground deposits

Figure 2.4.3 Pollutant flows during waste incineration

Research Centre for Toxic Compounds in the Environment
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Emission of dioxin-like chemicals from open
combustion (ie bushfires)?

Jochen Mueller

&

THE UNIVERSITY
OF QUEENSLAND

AUSTRALIA

ENVIRONMENTAL
TOXICOLOGY

Research Centre for Toxic Compounds in the Environment
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Outline of this talk

Background on the emission of dioxins from combustion
processes

Experiments and results on emission of dioxins from
bushfires in Australia

How we can explain our findings

Some lessons learned

Research Centre for Toxic Compounds in the Environment
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Unintetionally produced POPs

Stockholm Convention
on persistent organic
pollutants (POPs)

G O
COCC
TCDD

Dioxins and Furans = Not intentionally made

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz


http://chm.pops.int/Default.aspx

A bit of dioxin history....

Late 18th century — Soda industry
starts

~ 1890 - Chloralkali industry starts

Late 1890s - Chloracne is described
& named

1911 — German chemists
synthesised PCDDs

i
1

vt e ZE ITSCH RI FT b

Gewerte-Hygiane, Unfall Vethitung und Arbeiter-

!d;iﬁlﬂ‘!‘l;l;l!xll}lil;n =

we] Wohifahts: Emnchtunuen e

m‘}lﬂ I Mit dem Beiblatte: ] - T' 2

P> | ,,Dle FahrlksﬂFeuerweh i e

7 e = oo (g Gl fodustiellen Rorporationen < : : ,,.M.. v
mul ﬂzr ummm lmmebenmaﬁ ﬁt ‘alle Fragen praktisth durchfibibaren llllm!ndllﬂm

S. 208

& Ctlorakneartige’ Erscheulungen Eigenartige Fille
von schweren chloraknearhgen Erkrankungen ere:gneten sich in- einer
Diisseldorfer Farbenfabrik. Dort waren im Laboratorium Chlorderivate
- des Diphenylendioxyds dargestellt wordeu die Disher unbckannt ‘waren
und- deren schddliche Wirkungen wegen ihrer grofien Besténdlgkext und
Schwerléslichkeit im Wasser-nicht voraisgesehien werden konnten. Nach
Verlauf ciner Woche traten bei' simtlichen an den Versuchsarbeiten
beteiligten Personen  — dem Chemiker und: drei Laboranten — heftige
Ausschlige, hauptsichlich im Gesicht und an den Unterarmen, auf, die
mit einem schlechten Allgemeinbefinden, Erbrechcu, Durchfall und
Magenbeschwcrden verbunden waren. Die gefahrlichen Versuchsarbeiten
sind hierpach aufgegeben worden.’ —i—

SIERSIZ,
3 s, & %
g o v 3
o g
% g 5 L
2 A i

&"ANA % Ogd o 'J\

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

24




Ollie et al. found dioxins in flyash

326 360 394 428
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Interesting findings in Queensland

high level of OCDD in coastal Queensland

rather unusual profile

we found ‘elevated levels in the bottom of each sediment
and soil core (down to several meters) (also in dugongs,

& & &

seagrass, turtles, and even to a lesser extent in butter...

%  more OCDD in QIld soils then in estimated in the rest of the
world

WHY? WHAT IS THE SOURCE?

Research Centre for Toxic Compounds in the
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The key question - ‘natural’ or ‘anthropogenic’

=>» Lots of debate... opinion including emotions

=» It lead us to the work on emissions of dioxins from bush fire
(not much published).

Research Centre for Toxic Compounds in the Environment
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Fire plays important role in Australia’s ecology

2003/4

Regions

Forest
Grassland
Woodland

Tropical Coast

2004/5

Estimate of biomass
combusted 2005

Approx. 160 000 Kt (only
about 6000 Kt from
agriculture - most in the

NORTH (Savannah)

ﬁ ic Compounds in the Environment

mp:/ /recetox.rnuni.cz
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Bushfire as a source for dioxins in Australia was on

the agenda before already

% 1998 desktop audit suggested > 80 % of dioxin emission in
Australia from bushfire

%  No field data...

%  Very limited emission factors measured!

EA Study, 1998

Other sources

wre

Research Centre for Toxic Compounds in the Environment 29
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Dioxins from bushfire... first study

<

i = YPCDD/F - 800 fg m™3
X (3.2 fg m™ WHO Teq)
D:F ratio - 3.2

§ = . = = = = ='. 5.

YPCDD/F - 28 000 fg m™>
(52 fg m> WHO Teq)
D:F ratio ~ 30

» Forest fire result in a substantial increase in atmospheric
concentrations of PCDD/Fs



Isomer profiles

TCDE TCDD
Control
W!IE»J“ AA A atmosphere

1469, 1678, .
1269, 1236, 1234,
1234, 2368 3 138 Prescribed burn
l ” atmosphere

> Formation from precursors P

Unburnt leaf

litter
LA,
1469, 1678
» 1073, 1269, 1236, 1234,
1234, 2368 \' 1237,1238 Burnt leaf
litter
eac%en'_tr—e for ToXi'C'CUTXTp'O'uﬂ ¢ Environment
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Controlled Experiment

Prange et al. EST 2003
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US-EPA studies — with different results

%  Much higher emission than Joelle’s study

%  Furans dominate...

Clearly suggested formation happens & key source

Research Centre for Toxic Compo
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Australian National Dioxin Program Bushfire study

(2200-2004)

%  Lab and field component covering all kinds of environments
and matrix

% Lab study to provide the ‘real’ data.... Field study to confirm
lab data...

% Interdisciplinary approach driven by atmospheric scientists

Research Centre for Toxic Compounds in the Environment
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The 2006 sampler (next geﬁéﬂzttlon)

" ® - 1-1_‘ ,"."

Fresh air inlet

~Crane truck mounted
Thermocouples in hood

and plenum before
quartz filter



Laboratory sampling

1000

800

600 M\ mm PF\M /\ n

ol
N I AREAS RSN

Temperature (°C)

Time (min)

Research Centre for Toxic Compounds in the Environment
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Field work



http://images.google.com.au/imgres?imgurl=http://www.cdu.edu.au/ehs/research/TEDS/research_images/fire/unifire.jpg&imgrefurl=http://www.cdu.edu.au/ehs/research/TEDS/fire.html&h=402&w=551&sz=65&hl=en&start=8&tbnid=YkcNJAoEKHFOFM:&tbnh=97&tbnw=133&prev=/images?q=savanna+fires&gbv=2&svnum=10&hl=en&sa=G
http://images.google.com.au/imgres?imgurl=http://bop.nppa.org/2007/thumbnails/512/00012849/DPS/00012849-DPS-wildfires-001&imgrefurl=http://bop.nppa.org/2007/still_photography/winners/DPS/84017/158991.html&h=322&w=512&sz=86&hl=en&start=52&tbnid=9sBOusZ6u-zG7M:&tbnh=82&tbnw=131&prev=/images?q=wildfires&start=36&gbv=2&ndsp=18&svnum=10&hl=en&sa=N

Mean emission factors for open burning

s

Research Centre for Toxic Compounds in the Environment
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Desk audit v field results

Research Centre for Toxic Compounds in the Environment
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Cmpare NDP study with US-EPA studies

(prior to 2006)
s &

SIS S

Brinng TElgdnat
o 3 B8 & 8 8

| = N _

- US-EPA & lab studies higher Emission Factor
- US-EPA & Lab studies MEAN >> MEDIAN
- EF of UNEP tool kit open biomass burning

5 ng TEQ/kg dwt (forest & grass)

30 ng TEQ/kg dwt agricultural fires

ent Reg,
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Some Outcomes of the NDP study

Laboratory results suggest artefacts include:
- EFs are overestimated (by a lot!!!)
- Cong/Hom profiles are very different

N
o
|

OPCB
m PCDF
s PCDD

What is going on?

N
(@)
|

10 -

Field 1 Field 2 Lab1 Lab2 Lab3 Lab4

Emission Factors in pg TEQ §arbon

Research Centre for Toxic Compounds in the Environment
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Additional work to clarify (from 05)

AD \b-\ﬁ
(ﬁg%{ﬁ/ 15 more fires from 8 Sites

v " Guildford,
s BlakevilleBlackwood (Potters TH
-
] Y

Next generation 5p) p- o
Sampler . 1 | . Thermo Couples

- A in hood and

iblenum before

Reses

quartz filter




We provoked an artefact = put the hood too close =P EF increase

60
A-Eb-D-S
50 -
™~

8 “] Group 1
: Hot Hood and
Q
E 30 -
: Lab study group
5 20 A-G-G-S
L“ ’ ether

10 A-Eb-GU-S

EE:K_GU_B Group II z.GU.—GU-S
o Al_K_ _B’<_G‘g A%ﬁ%‘ A-As-PT-B

z;)-K—’Eb—B A-Eb-EbA;B.f’g ' ¢ ' % |

’ % 40 60 80

Percentage of CO 5 -C sampled when T>200 at hood

40 40 A 0 A 40 60 &

Research Centre for Toxic !
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More evidence that Efs are low

We collected routine ambient air samples during bushfire season

The NE fire plume impacted this site

Fire Scar Area from Jan/Feb 2003 bushfires

—

NN N T T
NN T T T T
T e e N e
NN S ST
L S
S T Sy e
S ey, e, Ty e
P T Ty T

b SR (e
*mﬁ////////////;*
g R R
o T e L L e U B s et
l"_"""_"'"""‘—'-‘—'—""—'—"‘—"‘—“—* e e
o
CE R T
i = =
/.——""'a/.-'-"‘".-——“‘:-’——'" S —
////3"‘;’}’:——-::——“

e

/

Research Centre for Toxic Compou WA/A/A/;MW%* 5
P s R

_ =
http:/ /recetox.muni.cz




The smoke plume from the NE fires impacted Boroolite in
Jan/Feb 2003 with extremely high TSP and NSS-K recorded.
PCDD /PCDF concentrations were at background concentrations

Fire event

§ 20 \
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Results further reduced our emission estimates

0 2 4 6 8 0

EF (g TEA9CRG)

Research Centre for Toxic Compounds in the Environment
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Revised emission estimates (05)

% Use field-measured emission ratios (means and SDs)
% Use Monte Carlo analysis with identical uncertainty settings
as currently used in NGGI for all but PCDD/PCDF ERs

2.5% 97.5%

All sources

142 ¢ TEQ|(30-490)
Down from 70-1700

Frequency (10 '3)

0 0.2 0.4 0.6 0.8
PCDD/F & PCB emission (kg TEQ)

Research Centre for Toxic Compounds in the Environment
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Revision of Emission budget

New estimate 70 % lower than previous estimate

EstinsiedEnissand [LsinoArfraviB HHires

L — e ———————
EA Study, 1998 evious Esi New Est. NPD Study, 2003

bushfire
Research Centre for Toxic Compounds in the Environment /i 50
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Sources and Trends

Savanna
83.2%

Wj 1.8%
Other < Coarse grains

Wildfire

Prescribed fire

3.6%

Wheat

1.1%

16.8% ‘§§:::::7
Sugar cane

9.4%

mass emissions, 1994

Emissions are mostly from
savanna fires.

2000-2003 were active fire
years, >4 times greater
than 1990.

Other bushfire activity
declined slightly from

0.9%

2 250000

5

g —— Agriculture and Forest

E 200000 4+—1 —=Total
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1990 to 2001.
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What is happening???

(Adapted from Wehrmeier et al. 1998)
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Stanmore (2004) tries to summarise the

http:/ /recetox.muni.cz



My RISKY attempt to take this back apart

Gaseous phase

Research Centre for Toxic Compounds in the Environment
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2 principle formation types

ormation in the G

Homogenous formation

‘H MOGE‘7X13(31i11\41“1T ON 10t relevant (here)
500 = 800°C

Formation on
particle surface

‘HETEROGENOUS’
FORMATION
200 - 500°C

Research Centre for Toxic Compounds in the Environment
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Heterogeneous Formation (Dioxins/Furans)

‘HETEROGENOUS’
FORMATION
200 - 500°C
From Precursors JDe-Novo ., Chlorination

. ®
i.e. condensation of o’ .o s e . Cl, substitution
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POPs Stockpiles
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POPs Stockpiles — estimation of soil burden and

evaporation fluxes from soils

Stockpiles of POPs in the soil [t] - area of the Czech Republic

PCB118 19.06 DDTs 1 669.11
PCB101 25.48 HCHs 303.23
PCB52 15.52 HCB 120.96
PCB28 13.57 -

Annual emitted amount of S PCBs
PCB130 63.25 from industrial sources - 48 kg
PCB153 61.39 —_|
PCB138 82 44 T % PCB 153: 61.39 t
PCBs 280.70 = Evaporation from soils in the CR

% 22 kg/y for PCB 153 / 0°C
% 65 kg/y for PCB 153 / 20°C
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Inovace tohoto pfedmétu je spolufinancovana
Evropskym socialnim fondem a statnim rozpocCtem
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