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Vybrané typy environmentalnich polutantu

(09)
Polychlorované dibenzo-p-dioxiny a dibenzofurany
Vlastnosti, u€inky, vznik, vyskyt v prostfedi
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PCDDs/Fs - Uvod

%  PCDDs/Fs nikdy nebyly vyrabény, nemaji Zadny prakticky
vyznam

% Stopové kontaminanty pramyslovych a termickych procesu

% Chemicky, fyzikalné a biologicky stabilni

H H H H

Cl 0 cl Cl ] Cl

Cl 0 cl 0 - Cl
H H H H

23,7 8- TCDD 23,7 8-TCDF
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Unintentionally generated POPs

Dioxins and furans together with polychlorinated biphenyls
(PCB) and hexachlorobenzene (HCB) are listed in the
Stockholm Convention on POP’s; they are unintentionally
generated and are commonly named “by-products”.

All POPs require “continuing minimization and, where feasible,
ultimate elimination”.

Research Centre for Toxic Compounds in the Environment
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PCDDs/Fs

L] F

o cly
Polychlorované dibenzo- Polychlorované
p-dioxiny (PCDDs) dibenzofurany (PCDFs)
75 kongenert 135 kongenert
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Dioxins

OO €
Cl 6 (5) 1 Cl C
2,3,7,8-TCDD 2,3,7,8-TCDF

2,3,7,8-tetrachloro dibenzo[b,e] [1,4] dioxin
2,3,7,8-tetrachloro dibenzofuran
Usual term: ,,dioxins,,
PCDDs, 75 isomers of dioxins
PCDFs, 135 isomers of furans

Research Centre for Toxic Compounds in the Environment
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PCDDs/Fs - struktura

9 I
8 P 2
7 = 3

cl, © 4 cL

PCDD PCDF 2.3,7,8-tetrachlorodibenzo[ 1 4]dioxin
(2,3,7,8-TCDD, *Seveso dioxin’)

l. Structures

Number of Number of Number of Compound TEF
hlorine at CDD i S CDF i
chlorine atoms isomers F isomers 23.7.8-TCDD ‘
1 2 4 1,2,3,7,8-PeCDD 0.5
2 8 - (234618 UpXDD ool
PLTEL N PAL PR p A
3 14 28 OCDD 0.001
4 22 38
28 2,3,7.8-TCDF 0.1
g = 2,3,4,7.8-PeCDF 0.5
6 10 16 1.2,3.4,7,8-HxCDF 0.1
7 2 4 1,2,3.4,6,7.8-HpCDF 0.01
8 1 OCDF 0.001
sum 75 135 T’ Tetra, Pe Penta, Hx Hexa, Hp Hepta, O Octa
2. Isomers 3. Toxicity equivalence factors (TEF)

Figure 5.4.3 Structural formulas and toxicity equivalents
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Harmfull effects of dioxins

Very high toxicity for many live beings

Very high persistent — half time in earth from 10 to 12 years
Persistent in strong acidic and alkaline media

Persistent in oxidative and in reductive conditions to 700 °C
Low solubility in watet, good solubility in lipids

Volatility — spreading into environment

High biological concentration factors

Research Centre for Toxic Compounds in the Environment
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PCDDs/Fs

Polychlorinated dibenzo-p-dioxins (PCDDs)
and polychlorinated dibenzofurans (PCDFs)

hydrogen atom .~ . ey
whichcanbe /
replaced by a | ey i
chlorine atom .

Altogether, there are
210 different con-
geners of polychlor-
inated dioxins and
furans (with the
general structures
shown here). The
names of the indi-
vidual congeners are
determined by the
number and location
of their chlorine ;.j" Gl i
atoms (cf. PCBs on X S

p' 29)' é SR PCDFS ».4

Two dioxins
with differing toxicity

@

2,3,7-trichlorodibenzo-p-dioxin
— as poisonous as strychnine

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)
— fifteen thousand times more poisonous

|
|
|

Even small changes in a molecule can make a big

difference to its biological effects. To a guinea-pig,

2,3,7-trichlorodibenzo-p-dioxin has the same acute |

toxicity as strychnine. One more chlorine atom
gives us TCDD, which is 15 0oo times more toxic.

J

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




PCDDs/Fs — historie problému

@ 1914 prvni zminka o dioxinech vs. chlorakne
1957 prvni prace o 2378 TCDD (pfiprava, ale neznalost toxicity)

1962 - 70 pouziti defoliantu Agent Orange ve valce ve Vietnamu

(skiddal se 3 kyselin 2,4-dichlorfenoxyoctové a 2,4, 5-trichlorfenoxyoctové. Jako malou primés obsahoval 2378
TCDD.,)

@ 1968 Spolana Neratovice

(tinik 2378 TCDD, ktery vznikal jako primés pri alkalické hydrolyzel,2,4,5-tetrachlorbengenn
na 2,4,5-trichlorfenol. Koncentrace TCDD v ovxdusi nebyla nikdy mévena, ale jeho pritomnost
byla pozdéji prokdzana ve findlnim virobku herbicidu Arboricid E.)

@ 1976 havatie v chemickém zavodé v Sevesu

(2378 TCDD vznikal jako piimeés pii alkalické hydrolyze 1,2,4,5-tetrachlorbenzenu na 2,4,5-trichlorfenol.
Selbalo 1izent teploty reaktoru a obsab se vyvaiil do prostoru.)

@ 1977 PCDD/F poprvé indikovany v emisich a popilcich komunalnich spaloven

@ 1990 pfedepsan limit 0,1 ng/m” spalin pro emise spaloven
Sledovani zdroji a pohybu dioxinti muselo ¢ekat na vyvoj vysoce citlivych
analytickych metod pro stanoveni nizkych koncentraci.

iq‘SVW. v
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PCDDs/Fs — fyzikalné-chemické vlastnosti

Nazev

2,3,7,8-tetrachlorodibenzo-p-dioxin

Strukturni vzorec

Cl o Cl

Sumarni vzorec C12H4Cl1402
Molekulova hmotnost 321.98

Bod tani 305 °C
Rozpustnost ve vodé 0,0002 mg/1 pii 25 °C
log Kow 6,80 pfi 25 °C

Research Centre for Toxic Compounds in the Environment
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Vznik PCDDs/Fs a pfijem Clovékem

dioxin concentration in flue dust (ppm)
chlorinated hydrocarbons, S
aliphatic and aromatic compounds, 4
chlorine-splitting inorganic compounds
C 3
(€ 1200 - 400 °C
>0, <
- 2 . . ‘
PCP ‘ OH PCB@i@ | . | dioxins
@ CIg cl, 200 300
pud " 2. Dioxin recombination temperature (°C)
' ‘* eg. ‘c_g_ on flue dust from combustion plants
' cl cl
C OH CI: £ S
1O -0 -
Cl :Cl o Cl a al 3 respiration 5% }
-2 HCB +H0
~2 HCB diet 94%
Cl Cl
d 2 a skin 1%
OO O~
Cl (0) Cl Sula
o 3. Dioxin
1. Reaction pathways to form dioxins uptake in humans
Figure 5.4.4 Formation and intake by humans

Research Centre for Toxic Compounds in the Environment
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Hodnoceni karcinogenity IARC 1987

2,3,7,8-substituované TCDD - skupina 2B - moZna
karcinogenni pro Clovéka

Vsechny ostatni PCDDs/Fs - skupina 3 - nejsou
klasifikovany jako karcinogen pro Clovéka

Research Centre for Toxic Compounds in the Environment
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Hodnoceni karcinogenity IARC 1987

Humanni karcinogenni data:
v PCDD - 2,3,7,8-TCDD - 4 studie z vyroby herbicida

- Seveso, Italie

%  PCDF - dvé nehody - Yusho a Yu-Cheng, > 2 000
postiZenych

Nedostatecné dikazy pro karcinogenni ucinky u clovéka

Research Centre for Toxic Compounds in the Environment
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Hodnoceni karcinogenity IARC 1997

S 2,3,7,8-TCDD - karcinogen pro ¢lovéka - skupina 1

% Ostatni PCDDs Skupina 3 - nejsou

% DD > Kklasifikovany jako
karcinogeny pro clovéka

% VSechny PCDFs

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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Hlavni toxikologické vlastnosti PCDDs/Fs

Cl
m) 12378 PeCDD
Cl O Cl - polocas rozpadu 13,8 let
\©i m) 2378 TCDD
- polo¢ u7,.81
Cl e O Cl polocas rozpadu 7,8 let
Z celkovych 210 kongener je pouze 17 vysoce toxickych - vidy se
jedna o latky se substituci v poloze 2,3,7,8

Research Centre for Toxic Compounds in the Environment
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Hlavni toxikologické vlastnosti PCDDs/Fs

& & & & &

jsou vysoce persistentni v lipidovych slozkach bunék a organu,
jsou hepatotoxické, nékdy vyvolavaji jaterni porfyrii,

jsou karcinogenni pro fadu zvifat, avSak az pfi akutné toxickych davkach,
kdy se projevuje zhoubny syndrom; pro ¢lovéka se za pravdépodobné
karcinogenni poklada jen 2,3,7,8-TCDD,

nejsou genotoxické, ale maji schopnost podporovat riast nadoru,

jsou teratogenni, ale teprve v davkach akutné toxickych pro matku,

u Clovéka a kralikti mohou vyvolat poskozeni kiiZe (chlorakné),

u Clovéka se pfi vysokych davkach projevuji riizné neurologické ucinky,

jsou imunotoxické, ale teprve v takovych davkach, které vyvolavaji i dalsi
projevy toxicity,

indukuji enzymy skupiny cytochromu P450.

Research Centre for Toxic Compounds in the Environment

cent Rese N
& <
N 5
A Q
&
v 3
o 5
S D)
¢ $
b} N
O 9
Odwo?

http:/ /recetox.muni.cz




Chlorakne

The Seveso accident

Left:

Research Centre for Toxic Compounds in the Environment
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Chlorakne

Viktor Yushchenko - before and after

Copyrigifigiiin
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Koncept faktora ekvivalentni toxicity (IT'EF)

Problémy pfi hodnoceni rizika pro Clovéka - komplexnost
smési polychlorovanych dibenzo-p-dioxina (PCDDs),
dibenzofurant (PCDFs) a bifenyla (PCBs).

Koncept faktort ekvivalentni toxicity (TEF) - pro usnadnéni
stanovovani rizika a kontrolu nad intenzitou expozice témto
smeésim.

Hodnoty TEF pro jednotlivé kongenery v kombinaci s jejich
chemickymi koncentracemi se mohou pouZit pfi vypoctu
celkové koncentrace toxickych ekvivalenta TCDD (TEQ) a
to pro vSechny slouceniny pfibuzné dioxinum, které jsou
pfitomné ve smeési.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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Koncepce toxického ekvivalentu (TEQ)

Celkovy TEQ =2 C * TEF

kongeneru

kongeneru

PCDDs/Fs
Toxicky ekvivalent
i = 2,3,7,8-tetrachlor-
koplanérni dibenzo-p-dioxinu

PCBs

Research Centre for Toxic Compounds in the Environment
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Vypocet toxického ekvivalentu (TEQ)

Rovnice vypoctu je zaloZena na pfedpokladu, Ze se celkova

toxicita sCita (nejsou vzaty v uvahu pfipadné antagonistické
C1 synergické vztahy):

TEQ = X n, (PCDDs, * TEFi) + X n, (PCDFs, * TEF,) + =

n, (PCBs, * TEF)

Vétsina studii zkoumajici interakci kongenerti PCDDs,
PCDFs a PCBs v binarnich a komplexnich smésich potvrzuje
aditivni charakter interakce (studie provadéné na rtiznych
druzich obratlovcu - ryby, ptaci a savci a studie
environmentalnich smési).

TEF jsou platné pouze pro ucinky zprostiedkované AhR.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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Schéma TEQ

Podminky, které sloucenina podobna dioxintiim musi splnit, aby
byla zafazena do schématu TEF, jsou:

% musi se strukturou podobat PCDDs a PCDFs,
Y% musi se vazat na Ah receptor,

%  musi vyvolat biochemické a toxické reakce
prostifednictvim Ah receptoru,

% musi byt perzistentni a musi se akumulovat v potravnim
fetézci.
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PCDDs/Fs a Ah receptory

1. A dioxin molecule
arrives and penetrates
the cell membrane.

4. The Ah receptor now enters the
nucleus of the cell, linking up en route
with a protein denoted Arnt. This com-
bination of molecules fits specific
portions of the DNA chains. One such
portion forms part of a sequence regu-
lating the activity of the gene CYP 1A1.

Dioxin molecules and Ah receptors:

T What happens in the cell?

cytoplasm, there are Ah
receptors. Normally they
are linked to two molecules
of the protein hsp90.

3. The dioxin molecule ‘docks’
with an Ah receptor, which as

5. The gene produces copies of itself
in the form of ‘messenger RNA’.
Outside the nucleus, these copies
control the synthesis of an enzyme
called cytochrome P450 1A1. A
dioxin intake thus results in higher
levels of this enzyme in the cell.

cytochrome P450 1A1

a result changes shape in
such a way that the hsp90
molecules are released. o

cell membrane

CYTOPLASM

6. The Ah receptor can also bind to DNA
sequences regulating the activity of other
genes. It can thus influence the synthesis
of some twenty types of protein molecules
at least, apart from cytochrome P450 1A1.
As yet, we do not know which of these
proteins is or are responsible for the toxic
effects of dioxins. |

Regulatory
sequence for

messenger RNA
CYP 1A1

NUCLEUS

<&

;. €6
‘\7'(\‘%‘0

protein molecules

Q
@5’&54*

CYP 1A1

Research Centre for Toxic Compounds in the Environment
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PCDDs/Fs — promotory karcinogeneze

Stages in the development of cancer
1. Initiation

radiation, PAH
metabolite etc.

The development of a tumour is initiated by a change in the genetic material

in one of the cell nuclei, usually caused by radiation or a reactive chemical substance.

For the process to continue, a chemical influence of another kind, known ‘
as promotion, is also necessary. This influence may for example result in the

channels in the cell membranes disappearing, impeding the chemical
exchange of information between cells.

In healthy tissue,

cells are linked b
(c.lin:\;l\r:ls l:;":m ﬁl Neighbouring cells are thus no longer able to
; & prevent the damaged cell from starting to divide
their membranes, : :
: and produce copies of itself.
and all the nuclei

contain the same If promotion continues for a long

genetlc mforma- time, it can result in precur-

tion. sors of cancer, in the form

of clusters of cells with

2. i{Promotion altered characteris- |

oo G ®
dioxin g ®

dioxin-like PCB .. QC
e The altered tissue can
y continue to grow and
leave the microscopic
stage behind. It then
becomes visible as a

at an early stage in foetal development. In other

species, birth defects due to dioxin-like com-

poundsare relatively uncommon, butan intake of tumour, which, to Y
such substances usually entails a greatly increased begin with at least, " 4
risk of foetal mortality and hence reduced repro- may be benign.

ductive success. !
3. Progression

Benign tumours,

... are involved in the ‘ however, can become
development of cancer ... malignan, i.c. start to
grow and spread in an
Another noted deleterious effect of dioxins is their uncontrolled manner.
ability to give rise to cancer, which is well docu- This process, known

mglvgna’ﬁﬂm;}cur
ith metastasis .~ -
N Y
i

mented in several animal species. In this respect, &5 pragresiion, dppeats

to be able to occur

too, TCDD is one of the most toxic pollutants :
without any further

known. As a cause of skin tumours in mice and

chemical influence.
liver tumours in rats, for example, this dioxin con- |

Research Centre for Toxic Compounds in the Environment
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International TEFs for human beings and mammals

PCDDs (dioxins)
2,3,7,8-TCDD
(‘TCDD’)
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD

1,2,3,7,8,9-HxCDD

1,2,3,6,7,8-HxCDD

1,2,3,4,6,7,8-HpCDD &

OCDD

PCDFs (furans)
2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,7,8,9-HxCDF
1,2,3,6,7,8-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF

OCDF

bd
£

&

&

B
@ @@@ &%

®

o % 99 @
e

't |
® go

¥ j:-":@
%° ¢

oh® o2® o%0 ¢
4
®

TEE

0.1

0.1

® 0.1

0.01

0.0001

0.1

0.05

0.5

0.1

0.1

0.1

0.1

0.01

0.01

PCBs with no chlorine at ortho
positions (‘coplanar’ PCBs)

TEF
3,3,4,4-TCB “hce 00001
3,4,4,5-TCB 0.0001
3,3,4,4'5-PeCB 0.1

3,3,4,4',55-HxCB 0.01

PCBs with one chlorine atom
at ortho position

2,3,3',4,4-PeCB 0.0001
2,3,4,4',5-PeCB @ 0.0005
2,3',4,4',5-PeCB © 0.0001
2',3,4,4' 5-PeCB @ 0.0001
D®
23,344 5-HxCB @ =@ 0.0005
® o
29 B
2,3,3',4,4',5'-HxCB @@ 0.0005
@ ®
2,3,4,4,55-HxCB @< <& 0.00001
@ ©
DO ®
2,3,3,4,4'55-HpCB @ "'{3’ 0.0001

T =tetra (4 chlorine atoms)
Pe = penta (5 chlorine atoms)
Hx = hexa (6 chlorine atoms)
Hp = hepta (7 chlorine atoms)
O =octa (8 chlorine atoms)

Mezinarodni TEFs

Research Centre for Toxic Compounds in the Environment
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Faktory ekvivalentni toxicity stanovené WHO pro
vyhodnoceni rizika pro ¢lovéka WHO 1997 /2005

PCDDs | TEF | TEF PCDFs TEF | TEF Koplanarni PCBs
1997 | 2005 1997 | 2005

BEePl 10 1,0 |2378-TCDF 0,1 | 011 |33°44"-TCB(77)

12378- 0,5 | 0,5 |12378-PeCDF 0,05 | 0,03 |344'5-TCB (81)

PeCDD 0, | 011 |23478-PCDF 0,5 | 0,3 |33744'5-PeCB (126)

123478- 0, | 01 |123478-HxCDF 0,1 | 0,1 |33744'55"-HxCB (169)

HxCDD 01 | 0,1 |123678-HxCDF 0,1 | 0,1 [233°44’-PeCB (105)

123678- 0,01 | 0,01 |123789-HxCDF 0,1 | 0,1 [23744'5-PeCB (118)

HxCDD 0,001 | 0,003 234678-HxCDF 0,1 | 0,1 |27344'5-PeCB (123)

123789- 1234678-HpCDF | 0,01 | 0,01 |2344°5-PeCB (114)

HxCDD 1234789-HpCDF | 0,01 | 0,01 |233°44'5-HxCB (156)

1234678- 12346789-OCDF | 0,001 | 0,001 |233°44°5"-HxCB (157)

HpCDD 23°44°55"-HxCB (167)

12346789- 22°33°44’5-HpCB (170)

OCDD 22°344°55"-HpCB (180)
233°44°55"-HpCB (189)

¥ TCDD ¥ TCDF

¥ PeCDD ¥ PeCDF

¥ HxCDD ¥ HxCDF

¥ HpCDD ¥ HpCDF

¥ PCDD ¥ PCDF

¥ PCDDs/Fs
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The 2005 World Health Organization Re-evaluation of Human and
Mammalian Toxic Equivalency Factors for Dioxins and Dioxin-like

Compounds

Martin van den Berg ! *; Linda S. Birnbaum %, Michael Denison 3, Mike De Vito 2, William Farland 4, Mark Feeley %, Heidelore
Fiedler ¢, Helen Hakansson 7, Annika Hanberg 7, Laurie Haws 8 Martin Rose %, Stephen Safe 1%, Dieter Schrenk !, Chiharu
Tohyama 2, Angelika Tritscher 13, Jouko Tuomisto 4, Mats Tysklind 5, Nigel Walker !¢, and Richard E. Peterson
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4 Office of Research and Development, US Environmental Protection Agency (EPA), 1200 Pennsylvania Ave., NW, Washington DC 20460, USA
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7 Institute of Environmental Medicine, Karolinska Institutet, Unit of Environmental Health Risk Assessment, Box 210, Nobels vog 13, S-171 77 Stockholm,
Sweden
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PCDDs/Fs - vznik, vyskyt v prostfedi

Research Centre for Toxic Compounds in the Environment
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PCDDs/Fs - Uvod

%  Jsou stabilni v prostfedi po dlouhou dobu

% PCDDs/Fs z primarnich zdroji mohou byt transportovany
do dalSich sloZek prostfedi

% Sekundarnimi zdroji se potom stavaji kontamonované puady
¢i sedimenty, ale také kaly z COV nebo komposty

%  Biologicky vznik z prekurzora

Research Centre for Toxic Compounds in the Environment
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PCDDs/Fs - zdroje

Antropogenni zdroje Pfirodni zdroje

%  Spalovaci technologie %  Sope&na &innost
(spalovdni nebezpecnych & Lesni poZary
odpadit a biomasy) % Biologické a

% Metalurgické procesy fotochemické proces
(spékdni rud, oceldrstvi,
taveni hliniku)

% Chemicka vyroba (cement,
papirensky prizmysl,
elchememické vyroby)

DIOXINY NEBYLY NIKDY PRODUKTEM CHEMICKE
VYROBY. VZNIKAJI POUZE JAKO VEDLE]JSI LATKY.

Research Centre for Toxic Compounds in the Environment
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Sources of PCDDs/Fs

& & & & &6

Combustion
Metal Smelting, Refining, and Processing
Chemical Manufacturing

Biological and Photochemical Processes
Reservoir Sources

Chemical Accidents

Research Centre for Toxic Compounds in the Environment
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Global emissions

There is still considerable
uncertainty about the | #
global emiSSionS Of = 2 - Environmental Pollution 128 {3004) 3-16 ““I“.glmm
PCDDS/FS Primary sources ol selected POPs: regional and global scale

emission inventories

Awailable online at www.sciencedirect.com

SCIENCE @DIIIQT' ENVIRONMENTAL
POLLUTION

Knut Breivik®*, Ruth AlcockP. Yi-Fan Li¢, Robert E. Bailey?, Heidelore Fiedler®,

The results from the Jozef M. Pacyna®

ANorwegian Institute for Air Research ( NILU ), PO Box 100, N-227 Kjeller, Norway
b Environmen ial Regear ch Solutions, Witherslack, Cumbria LAY 685G, UK
eMetearalogical Service of Canada, W5 Dufferin Street, Downgview, (N, Canada MIH 574

national and regional o e et o S et
inventories have shown T m——
that the relative

importance of the

various source

“Capsule™: Knowledge of primary emissions is a prerequisite for understanding and predicting POPs on a regionall
global scale.

categories may vary
widely, both temporally

and spatially (Pacyna et

Research Centre for Toxic Compounds in the Environment 32

http:/ /recetox.muni.cz



Global fluxes and emissions

In the UNEP report Dioxins and ™ lle&l;::lly
Furan Inventories of May 1999 the [-_ Assessment  —=
total global deposition to land and a o Persistont

water was estimated to be 13 100 * PCDDs
2 000 kg of total PCDDs/Fs, i.e. pess

220 + 30 kg TEQ.

The total global emission to air was
estimated to be 3 000 * 600 kg of
total PCDD/Fs,i.e. 50 *+ 10 kg

TEQ.

These results must be considered to
be very uncertain....

Agso ‘

@

s

™ 5'.)' &9
D - aI:’-l
Pty

o

joug st

=

S

Ojy> - sy
Dury Gagy - =P

#
3
2

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Z.droje PCDDs/Fs

Manufacturing, Industry Copper extraction

copper-slag material

‘ playgrounds g

pentachlorophenol

paper and cellulose
production

incomplete
combustion

printers’ colours
from recycled paper

i I dry-cleaning
trestei operations

distillation
residues

waste water

exhaust gas,
fly ash

air

Figure 5.4.1 Sources and pathways of dioxins

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Tepelny rozklad organickych latek

100 HCB
GG ’ | — TCDD
(%)

10
TCB
1
0.1
CO
0.01
propane, |
toluene, T=750°C
0.001 *hloroform ‘ 1 R
0 04 0.8 1.2 s 1.6
time ¢
Figure 2.5.3 Thermal decomposition of
organic materials
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Primarni zdroje PCDDs/Fs

V_minulosti: chemicky priimysl a priimysl vyroby celulozy a
papiru - produkce a pouzZivani chlorovanych organickych
sloucenin

V soucasnosti: hlavné termické procesy

Research Centre for Toxic Compounds in the Environment
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Primarni zdroje PCDDs/Fs

A) PRIMARNI ZDROJE

1) Spalovaci procesy

a) stacionarni zdroje

- spalovny TKO
- spalovny nebezpecnych odpadi
- spalovny nemocnic¢nich odpadu

- spalovny kalti z COV

Research Centre for Toxic Compounds in the Environment
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Primarni zdroje PCDDs/Fs

A) PRIMARNI ZDROJE

1) Spalovaci procesy

b) diftzni zdroje

- automobilova doprava pouzivajici olovnaty benzin
- domaci topeniste, spalovani uhli, topnych olejt, dfeva a bioplynu

- koureni cigaret

c) nehody

- pozary PCBs
- pozary PVC

- pozary skladist’

N ERS/
S 2

iq‘SVW. v
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Primarni zdroje PCDDs/Fs

2) Primyslové zdroje

a) procesy v chemickém primyslu, napt.:

- chlorace fenolu

- vyroba 2.4,5-trichlorfenolu

- vyroba pentachlorfenolu

- Friedel-Craftsovy syntézy s AlCL, a FeCl,

- vyroba pesticida

- PCBs (dnes jiz zakazana)

- vyroba chloru pomoci grafitovych elektrod aj.

Research Centre for Toxic Compounds in the Environment
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Primarni zdroje PCDDs/Fs

2) Pramyslové zdroje

b) vyroba buniciny, béleni celulozy

c) metalurgické procesy

- vyroba zeleza a oceli
- vyroba médi, niklu, hot¢iku
- procesy znovuziskani kovt (medi, hliniku)

- pouziti starého zeleza pfi vyrob¢ oceli

d) suché cisténi

N ERS/
S 2

~gq‘:‘,VI/\I v

ent Reg,
o(‘«\ ee’"(‘ H 1 1
7 a\G Research Centre for Toxic Compounds in the Environment
©)
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Sekundarni zdroje PCDDs/Fs

B) SEKUNDARNI ZDROJE

a) vytok ze skladek odpadii

b) nekontrolovatelné hofeni skladek

c) aplikace kali z COV

d) atmosféricky spad

e) plosna aplikace vyrobkua s obsahem PCDDs/Fs ¢i jejich
prekurzort (pesticidy, pentachlorfenol - PCP a j.)

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

41



PCDDs/Fs emission sources

b
~—

EEEEEEEEEEEE

Production processes involving chlorine (production, use
and disposal):

Chlorination of phenols

2,4,5-trichlorphenol

Pentachlorophenol

Friedel-Crafts synthesis with aluminium or ferrous chloride
Pesticides especially those based on chlorophenoxyacetic acid
PCBs

Chlorine with graphite anodes

Chloroamine

Metal chlorides

Pulp chlorobleaching

Water disinfection

Use of coagulants with a chloride base

Research Centre for Toxic Compounds in the Environment
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PCDDs/Fs emission sources

(b) Thermal processes:

Incineration of:

%  municipal wastes
%  industrial wastes
%  hazardous wastes
% hospital wastes

Metallurgical processes:

production of iron and steel

production of copper

production of aluminum

production of nickel

production of magnesium

metal reclamation especially of copper or aluminium

EEEEEEE

use of old iron in steel production

Research Centre for Toxic Compounds in the Environment
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PCDDs/Fs emission sources

(c) Other processes:

Motor vehicles using unleaded petrol
Domestic heating systems

Production of heat and electricity
Domestic waste burning

Uncontrolled fires in landfills

Building fires (dwellings and factories)
Dry cleaning

EEEEEEE

(d) Diffusive sources:

Use of sewage sludges in agriculture

Volatilisation from landfills (flared and unflared)

Use of products with content of PCDDs/Fs or their precursors

Use of pesticides based on chlorophenoxyacetic acid with impurities of

& & & &

PCDDs/Fs

s Research Centre for Toxic Compounds in the Environment 44
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Sources of PCDDs/Fs

Burning-incineration sources:

Burning of waste, fossile fuels (wood, coal, oil derivates), high
temperature processes (rotary kiln in cement factories), bad
controlled burning processes (fire, burning of domestic
waste at backyards).

Melting and refine of metals :

Primary and secondary procedures of acquiring metals (sintering
of iron ores, reprocessing of waste metals).

Research Centre for Toxic Compounds in the Environment
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Sources of PCDDs/Fs

Chemical production:

Dioxins are formed as by-products during different chloro
organic syntheses, especially as byproducts during
bleaching of cellulose with chlorine, during production of
chlorinated phenols and chlorinated herbicides (2,4-D in
2,4,5-T).

Secondary sources:

Materials and places, which already contain dioxins or PCBs
and have possibilities of relocation to another places in
environment.

Research Centre for Toxic Compounds in the Environment
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Primarni zdroje PCDDs/Fs

Chemické profily PCDDs/Fs:

S

S
S
S

Chemické a termické procesy - vSech 210 kongenerti
Environmentalni matrice - smés vSech 210 kongeneru
Biota: vegetace + mofské organismy - vSech 210 kongenert

Vyssi ZivocCichové: pouze 2,3,7,8-substituované PCDDs/Fs

= vysledek: bioakumulace, bioobohacovani

Research Centre for Toxic Compounds in the Environment
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Chemické procesy

Vznik PCDDs/Fs:

Cl-fenoly < Cl-benzeny < alifatické Cl-slouceniny <
anorganické Cl-sloucCeniny

Podminky vzniku:

% Vysoké teploty

®
®

Alkalické prostfedi

UV zafeni a/nebo pfitomnost radikala

Research Centre for Toxic Compounds in the Environment
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Termické procesy

Stacionarni zdroje:

% Spalovani odpadi (komunalni, nemocni¢ni, nebezpecny,
kaly

% Vyroba oceli
% Sekundarni metalurgie (Al, Cu, Pb, Zn, Sn)

%  Vyroba energie - spalovani fosilnich paliv, dfeva, plynu

Research Centre for Toxic Compounds in the Environment
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Termické procesy

Difuzni zdroje:

%  Doprava - automobilova
% Domaci topeni - uhli, nafta, plyn, dfevo

% Nehody - PCB pozary, poZary budov, lesni pozZary, erupce
vulkanu

Research Centre for Toxic Compounds in the Environment
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Figure 2.4.3 Pollutant flows during waste incineration

By-products release scheme

exha!?g’a?ses (SO2, NO, HC, HE, CO), CnHm,

PCBs, PAHs, dioxins, furans, dust, heavy metals
1

combustion chamber

gsleam boiler H electrofilter H flue gas scrubber

{
slag

fly ash filter dust
\ 4

flue gas

I I cleaning products
road construction with slag -

i

i ¥y ¥3
leaching of dioxins, furans,
heavy metals heavy metals

underground deposits
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What are POPs by-products

PCDDs/Fs, HCB, PCBs (and other POPs) are unintentionally
formed and released from thermal processes involving

organic matter and chlorine as a result of incomplete
combustion or chemical reactions

&  Sources

5

Stockholm Convention provisions
%  Release reduction possibilities

¢ Alternative processes

¢ DPrimary preventive measures (BAT/BEP)

¢ Secondary measures to control and reduce releases

(BACT)

Research Centre for Toxic Compounds in the Environment
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Release sources

Industrial source categories having a potential for
comparatively high formation and release of POPs to the
environment: [Annex C, Part II]

Industrial source categories have the potential for

formation and release of POPs to the environment: [Annex
C, Part I1I]

Research Centre for Toxic Compounds in the Environment
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Source categories

The following industrial source categories have the potential for
comparatively high formation and release of POPs to the
environment: [Annex C, Part II]

% waste incinerators
municipal, hazardous or medical wastes
sewage sludge

Y% cement kilns firing hazardous wastes

%  pulp production involving elemental chlorine

% thermal processes used in metallurgical industry
secondary production of aluminum, copper or zinc
sinter plants in iron and steel industry

Research Centre for Toxic Compounds in the Environment
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Source categories

The following industrial source categories have the potential for
formation and release of POPs to the environment: [Annex

C, Part III]
Y% open burning of wastes (including landfill sites)
% thermal processes in the metallurgical industry not
specified in Part I1I
% residential combustion sources
% fossil-fuel fired utility and industrial boilers
%,  firing installations for wood and other biomass fuels
% motor vehicles, especially those burning leaded

gasoline
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Source categories

The following industrial source categories have the potential for

formation and release of POPs to the environment
(continued): [Annex C, Part III]

G

chemical production processes releasing unintentionally
produced POPs (e.g. production of chlorophenols and
chloranil)

textile and leather dying and finishing

shredder plants for the treatment of end-of life vehicles
destruction of animal carcasses

smoldering of copper cables

waste oil refineries

crematoria
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Unintentionally Produced POPs

Convention Goal = “continuing minimization and, where
feasible, ultimate elimination of the total releases of
chemicals in Annex C derived from anthropogenic sources”

Annex C, Part I
Chemical

Dioxins and furans (PCDD/PCDF)
Hexachlorobenzene (HCB)
Polychlorinated biphenyls (PCB)

Research Centre for Toxic Compounds in the Environment
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Formation of PCDD/F’s

PCDD/Fs are formed as unintentional by-products in certain
processes and activities and may also be introduced into
processes as contaminants in raw materials.

PCDD/Fs formation routes can be divided into two broad
categories:

(a) formation in thermal processes and

(b) formation in wet-chemical processes.

Research Centre for Toxic Compounds in the Environment
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Spalovaci procesy

Vétsina informaci z laboratornich experimentii a spaloven:

1) PCDDs/Fs jsou pfitomny ve spalovaném materialu (6-50
ng I-TEQ.kg™)

2) PCDDs/Fs vznikaji z chlorovanych prekurzori - PCBs,
pentachlorfenoly, nékteré chlorované pesticidy,
chlorbenzeny a PVC

3) PCDDs/Fs vznikaji de novo syntézou z organického
uhliku, pfipadné CO,, kysliku a chloru za pfitomnosti
katalyzatora (napf. médnatych soli)

Research Centre for Toxic Compounds in the Environment
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Spalovaci procesy

Soucasné technologie: (2) a (3) vyznamnéjsi nez (1)

PCDDs/Fs vznikaji v plynné fazi a na Casticich

Vliv typu spalovani a provoznich podminek

PCDD a PCDF vznikaji rdznymi procesy

Vznikajici mnozstvi PCDDs/Fs je razné u riznych procesu
V ramci jednoho typu procest vznika podobné zastoupeni
kongenert

& EFEEE

&

Preventivni pfidavky ,,inhibitora‘ - latky obsahujici S nebo N

Research Centre for Toxic Compounds in the Environment
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Vznik PCDDs/Fs béhem spalovacich procest

inorganic halogenides chlorinated organic materials
(e.g. NaCl) (e.g. PVC)
. 0,
cr-, Cly, Hel | polyenes [+l ¢, €O, COp, H:0
C-C splitting
molecules, radicals (*CHj, *CHj3, *C;H) free ions, free atoms I =
: zg:g::z:'og aromatisation,
(4 10 : :
. I -
cyclisation PRARmE
hydrocarbons ;
Cl+, Clp, HCI
chlorinated hydrocarbons (chlorinated) dibenzofurans
¢ C (‘ dlbcnzodloxms
C C \
C C-'C=(‘
2 C ('/
C
Figure 5.3.1 Formation of chlorinated compounds during combustion processes

Research Centre for Toxic Compounds in the Environment
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Termické procesy - nejdilezitéjsi

@ Heterogenni r1eakce e M 250 — 400 °C

Langmuir-Hinshelwoodv typ ~ analogie Ulmann 1
(spojeni dvou molekul prekurzord na povrchu popilku)

Eley-Ridealav typ ~ analogie Ulmann 11
(spojeni dvou molekul prekurzora z nichz jedna je na
povrchu popilku a druha je v plynné fazi)

@ Homogenni reakce Q > 1100 °C
(plynna faze, vysoka teplota, C1 —
C4, radikaly)
Research Centre for Toxic Compounds in the Environment 62
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Vznik PCDDs/Fs béhem spalovacich procest

Zakladni reakéni schéma zahrnuje nasledujici mechanistické
kroky:

chemisorbce plynného O, na aktivni mista povrchu kovu:

O, + CuO - 2 CuO

kyslik je pfenasen na volna mista uhlikové struktury a uhlik je oxidovan za
vzniku plynnych produktii:

Cf + CuO — CO + Cu

v prabéhu zplynéni C dochazi pfi rozkladu struktury uhlikatého skeletu také
ke vzniku malych aromatickych sloucenin:

C (grafiticka vrstva) + a0, — bCO, + cCO + dAr

Research Centre for Toxic Compounds in the Environment
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Vznik PCDDs/Fs béhem spalovacich procest

Tyto aromatické slouceniny zahrnuji polychlorované benzeny (PCBzs),
polychlorované fenoly (PCPs) a polychlorované bifenyly (PCBs), z nichz
potom mechanismy Ullmanovych reakci vznikaji PCDDs/Fs.

Alternativné PCDDs/Fs mohou vznikat pfimo z rozkladajici se uhlikové
struktury v souvislosti s in-plane kyslikovymi komplexy:

C (grafiticka vrstva) + a0, — bCO, + cCO + dAr + ePCDDs/Fs

(4) halogenace/dehalogenace uhlikové struktury - aromatické slouceniny a
struktury DDs/Fs mohou vznikat vy$e uvedenymi chemickymi
transformacemi.

(5) rozklad PCDDs/Fs

Research Centre for Toxic Compounds in the Environment
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Vznik PCDDs/Fs béhem spalovacich procest

Cely proces lze shrnout nasledujicim schématem:

coO,, CO
i
Sorpce plynnych reaktantt
a povrchova difuze — zplynéni C

\
Vznik PCDDs/Fs pfes kyslikové komplexy

"

Rozklad
— — — Halogenace/dehalogenace —» — —

Research Centre for Toxic Compounds in the Environment
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Homogenni reakce v plynné fazi

RADIKALOVE REAKCE V HORKYCH SPALINACH BEZ UCASTI KATALYZATORU

T > 1100 °C
1N E—— " CH, " OH = .Q .OO

vznik radikdli alkylovy hydroxylovy chlorovy fenylovy Sfenoxylovy

Z velmi reaktivnich radikalt vznikaji v kratkém case chlorované prekurzory PCDD/F.

iy Cl Cl C] Cl
O
PCDF
benzeny - 0,

E——
Cl Cl
difenylethery @7 O @ O
G I}a
fenoly Cl nr(*)nn
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Heterogenni reakce: Langmuir — Hinshelwoodiuv
Lyp

Spojeni dvou molekul prekurzorii na povrchu pevné faze (popilku)

e transfer
OH OH

(I)H (I)H (I)H ‘3 OH : (I)H
cu cu’ Cl12+ Cu’ Cu
X)) (7 X z
—_— Cl & ‘& Cl ——» Cl & Cl —_—
I~ T 1 )
0 0 0 o
. ?H . . (I)H [
Cu’ Cu' Ccu Cu
-H,0 o
OH'\/ OH
S ERS/ ?H
5‘ o ' Research Centre for Toxic Compounds in the Environment 67
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Heterogenni reakce: Eley - Ridealiv typ

Spojeni dvou molekul prekurzori, z nichZ jedna je na povrchu pevné faze (popilku) a druha je v

plypag fazi
e transfer
Cl — Cl Em— Cl
'HZO ‘/
OH O O
OH OH OH h OH OH . OH OH
| ] I | | . 1 |
Cu2+ Cu2+ CuJr
R
Ql ) a € transfer
HO
| | o
Q 0
QH QH . OH oH
CuJr Cu2+
(0)
c a —s q cl
0 -HCl o
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| 4
. Prekurzorové reakce N
n B Cl n /
| Adsorpce Dechlorace T H
OH
Desorpce
FENOLY FENOLY
Cl-
Cla Hydroxylace Chlorace Cl3
OH = 0 = Cl
OH é{' OH
KATECHOLY FENOLY
Ullmann 1 0
Kondenzace l Ullmann 11
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OH
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Cesty vzniku PCDDs/Fs béhem spalovacich

(o]
Pl’ OCESu
Cesty na kterych se uplatiuji mechanismy homogennich a heterogennich
reakci:
HCI (Deaconova reakce)
PAH Chlorace Cl; Cl;@
Aromatizace n=1-4 OH
Aromatizace
> BENZEN FENOL
CXHy Chlorace
T Fischer-Tropsch Prekurzorova

cesta

[Co, co, ]
(0)

T Zplynovani Cl;@[ K}'Cln
0]

Partikularni De Novo syntéza ClCln
uhlik 0]

e‘\j ERS/,

~‘,;‘1‘5\11/11 v

ST

ENs1S
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Combustion processes

Burning in modern incineration plants
with “best available technology”can
be performed only when all other

posibillities of reciclation are
exhausted.

; Y % Research Centre for Toxic Compounds in the Environment 71
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Vznik PCDDs/Fs béhem spalovacich procest -
shrnuti

I kdyZ se ve spalovacich komorach tyto struktury rozpadaji jiz
pti 900 °C, dochazi za spalovaci zénou k jejich zpétnému
vzniku.

- Teplotni okénko 250 — 400 °C
- OxidacCni atmosféra
- Matrice (popilek)
a4 destruované uhlikové struktury
slouceniny meédi
a donor vodiku

a  zdroj chloru

Research Centre for Toxic Compounds in the Environment
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PCDD/Fs are formed in trace quantities in combustion
processes vid two primary mechanisms

1) The so-called de novo synthesis in which PCDD /Fs are
formed from non-extractable carbon (C) structures that are
basically dissimilar to the final product (PCDD/Fs); and

2) Precursor formation/reactions via aryl structures derived
from either incomplete aromatic oxidation or cyclization of
hydrocarbon fragments.

Research Centre for Toxic Compounds in the Environment
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POPs formation mechanisms

Understanding the POPs formation mechanisms is a key to
sound unintended POPs by-product management

%  Gas phase formation from precursors at T= 300-800 °C
(rearrangement, de-chlorination, free-radical
condensation...)

%  Solid-phase de-novo synthesis at T=200-500 °C
(residual carbon, HCI, O,, H,0O, metals)

Y Undestroyed “pass through” POPs, originally in the raw
material (due to inefficient combustion)

Research Centre for Toxic Compounds in the Environment
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PCDD/F’s formation in thermal processes

PCDD/Fs formation in thermal processes and subsequent

emission requires the simultaneous presence of the following

factors of influence:

1) Appropriate temperature window
2) Hydrocarbons and chlorides
3) Appropriate residence time

4) Particulate surfaces/catalytic sites
5) Molecular O,

Research Centre for Toxic Compounds in the Environment
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Prekurzory vzniku PCDDs/Fs
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De novo syntéza PCDDs/Fs

Methane
Propane

Carbon
dioxide \
fly ash 425°cw CuO +Cly , 300°CJ
\ CuCly+ wet HCI ' —
\ 300°C, 10s
- [C +air, 300°C|

Toluene Phenol

CARBON » POLYCHLOROBENZENES — > POLYCHLOROPHENOLS —————> DIOXINS

CuCl + wet air

Polychlorobenzenes: 30 ppm

Polychlorophenols: 10ppb, n.5.300 ppb @ 250 & 500°C
Dioxins: 5 ppm
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PRECURSOR SYNTHESIS

OH HYDROGEN CHLORIDE
/

CATALYSTS — Deacon reaction

Chiadnation of <~—— MOLECULAR CHLORINE
aromatic precursors

OH

Cl
Biaryl synthesis
Aromatization (Ullmann reaction) ~ EE
O : ;
1 O €

1

ALIPHATIC PRECURSORS Q Q
(0]

! al
Fischer-Tropsch
Carbon ma'trix
CARBON MONOXIDE fragmentation
CARBON DIOXIDE
PARTICULATE CARBON

DENOVO

De novo syntéza PCDDs/Fs
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De novo syntéza PCDDs/Fs
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De novo syntéza PCDDs/Fs

OH
[C)C,) — P ©
Benzene Phenol
Chlorinated hydrocarbon (Ch (ChH
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Furnace
(~1000°C)

Electrostatic precipitator

Boiler outlet outlet
(~300°C) (~200°C)
0
Scrubber outlet
(<100°C)
Re
\
\
Flue gas

g

Total dioxin cogcentration,
ng/m

Dioxins

Vznik PCDDs/Fs
ve spalovnach
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Formation of PCDDs/Fs in respect to POPs
destruction

POPs and OCPs A 20

OOt (mcom plete S
Non-Precursors 4,

thermal destr.,)

HCH, DDT, Aldrin,
Toxaphene, Chlordan,
Cl/Br Organics

Thermolysis
T> ca. 200°C

DxnPrecursor: Precursor formation @j@

Thermal-, chemical reaction,
POPs (PCBS’ HCB)’ BER (PXDE, oxidation, condensation

HBBz, TBBA),
HalAromatics ? POPs/Pesticide Destr. Techn. ? @/ @

PCDD
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State of art high temperature incineration

Soot (incomplete
th@l(-m&l diesiti.)
PCDF
_______________________ 0 Cly
QL
N
Cix O Cly
POPs/Pesticides PCDD

+ waste /fuel

HWI: Emissions calculated per ton input
material

State-of-Art HWI Air Emission: <0.5 pg TEQ/ton (0.1 ng
TEQ/Nm?) Solid Emission: ca. 30 ug
TEQ/ton

Research Centre for Measure for all Destruction Technologies!
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High temperature thermal destruction processes

Thermal destruction O,
(SQQt,, PAH» Chl@ﬁh%“s) OO,/\O

Clx © Cly
QA
N
0 Cly

Unstable Operation, Starcup, Shut do
Precursor formation

Clx

Geo Melt™ Plasma Are, _OH PCDD
Yor-Sita Thermal Desuraction, Integrated total amount?
Self-Propagating High-Temp. Assessment needed!
Dehallogenation, TDT- 3R™, P (Continuous monitoring)
Combustion recursors

st = Res%% Research Centre for Toxic Compounds in the Environment 84
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Formation of PCDDs/Fs from precursors for low
temperature POPs/pesticide destruction technologies

PCDDs/PCDFs

Oxidation, Hydroxylation,
DxnPrecursor:
C Cly Condensation reactions,

http:/ /recetox.muni.cz

PCB (Ox. or OH)
Thermal stress; Energy
PCBz (Ox. + Cond)) ~ Cly > @ @
PxCP, PCP, 2,4,5-T
(Ox., Cond.) OH Oxidation
oL Clx (SCWO, CerOx, Cat. Ox.,
PXDE (Elimination) 0 Ti0,-UV/solat, ete.)
HalAromatics @ Reduction/Dedhlosination (Long tere
XX Xy (BCD,, APEG,, Mm R%d%a,

Thermolysis Solv. e, Cu, Fly ash (Hlagenim.) 2)

T> ca. 300°C

R in, Endrine, etc. Biodegtradation
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Vznik PCDDs/Fs ve spalovnach

1. PCDD/PCDF in waste
stream and poor
destruction efficiency

2

#

XX

4. Catalytic formation of PCDD/PCDF
from precursors at 300°C on fly ash

PCDD/PCDF formed as
combustion intermediate
from gas precursors
within the flame zone

3. PCDD/PCDF formed on partially burned
particles of waste that escape due to

overcharging or short residence time
e‘\IERS“ﬂ . . .
B o Research Centre for Toxic Compounds in the Environment 86
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Thermally less stable
organic substances

Thermally very stable organic
substances such as POPs
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POPs Destruction and Reformation in an

Incinerator
| rotary kiln / heat recovery :
| afterburner steam boiler |
I reformation of |
I POPs from — |
| complete precursors residual POPs
POPs |::> | | destruction by I emissions, e.g
| ‘ , e.9.
-waste | |high temperature . | dioxin/furan
| incineration de-novo-synthesis L |
of POPs, e.g. |
: PCDD/PCDF |
' I

high temperature waste incinerator
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POPs Destruction and Reformation in an

reaction velocity

Incinerator
destruction velocity
|
|
|
|
[
e .. ]
° .0 /
° 0. /
. . '
s “_——7" , formation velocity
° — o /
B ~ °
° ~ ‘. /
o 7~ ° /
: / .. /
e / % /
.o / o. p 4
2
4 %
O e . dioxin/furan concentration
/: - - - ..o
temperature
xample: Dioxin Formation and De 101
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Vliv obsahu kysliku na mnozstvi vznikajicich

[ ] TacDD| | PSCDD

10,000 :

3’000 R | - S St RS e S SIS poe e PRSI

1,000 |—-----mmmmmmmm e - - 1-1 | B
o
& 300 g b S g e 0 A [ e S S e ey v - s T S S e e
S !
)
E 100 S| | -
= L
g -
4
b=
o .|
8 2
=
s}
Q

1% O, 4% O, 10% O, 10% O, + H,0
Gaseous conditions

HecoD [l H7cop ] oscpD
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Vliv obsahu kysliku na mnoZstvi vznikajicich

PCDDs/Fs ve spalovnach

Incomplete combustion “de novo”
Local oxygen No oxygen
deficiency deficiency
300
&
g
A 200 W
u: -
=)
4
+
a
[a)
A
g
= 100
| |
e 3 11 13
Oxygen, %, dry basis
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Vliv katalyzatorti na mnozstvi vznikajicich

Concentration (ppb, ng/g)

CuCl,.2H,0

N ERS/
S 2

~‘,;‘1‘5‘41/11 v

%Elvms -©

“ana B
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° \¥4 1 4 ° oy r
Vliv Cu na mnoZstvi vznikajicich PCDDs/Fs ve
I 4
spalovnach
) |
10 7 it
PCDD  PCDF /
— . -9 ® i
___________________________________________________________________________ B A
7
- e 4HC1 + Oy —> 2Cl, + Hy0
B, ~
‘§’ """"""""""""""""""""""""""" s e T A 2CuCl, + 0.50, ---> Cu,0Cl, + Cl,
E=| bl
% ? v i Cu,0Cl, + 2HCI ---> 2CuCl, + H,O
= R e e el W e S
§ ..................................... o . ___________ :
8 J H,C=CH, + 2HCI + 0.50; > CICH,CH,Cl + Hy0
A o
B e e S B S S AR DEACON REACTION
| g Coreom e e nscnsie R
. |
09 0.1 0.2 0.3 0.4 0.5
Concentration of cupric chloride (%w)
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Vliv obsahu HCI na mnozZstvi vznikajicich
PCDDs/Fs ve spalovnach

600" @ PCDDs u

B PCDFs

400

300 —

Formed amount of PCDD/F, mg/hr

100 (-

HCI, ppm

FIG. 11 - [Dioxin] vs. [HCI] fluidised bed incinerator* flue gas (Takeshita et al.)'®
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Spalovny komunalniho odpadu

Technologie + vysoké investi¢ni naklady = splnéni legislativnich

poZadavku

MWI - 1970s 50 5
MWI - 1990 5 0,5
Moderni MWI 0,1 0,01

Research Centre for Toxic Compounds in the Environment
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Spalovny komunalniho odpadu

Limit: 0,1 ng I-TEQ.m? [A, D, NL (S, EU)]

Rizeni technologii vedouci ke sniZeni emisi PCDDs/Fs:

% Spravna spalovaci praxe:
- Temperature
- Time
- Turbulence

%, Kontrola zpétnych teplot (de novo)
% Jemné Castice, dopalovani plyni, oxidace pomoci H,0O,

pomoci:
reaktoru s aktivhim uhlim

ptidavky uhli nebo koksu
pfidavek vapence

selektivni katalyticka redukce (SCR)

Research Centre for Toxic Compounds in the Environment
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mission of d

1oxins from uncontrolled burninos
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Emissions of PCDDs/Fs at open air waste burnings

Waste Dioxin emission
(ng-TEQ.kg™)
Plastic in agriculture (PVC) 6 554.1
Electric cables with isolation 1032.6
Waste tires 220.9
Construction wood 91.6
Rice hulls 67.4
Wood waste 26.5
Straw shaves 20.2
Tree leaves 4.6

Research Centre for Toxic Compounds in the Environment
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PCDDs/Fs in chemical products

Product

Concentration ng TE.kg!

Wood protection -chlorophenols

1100 - 88 7000

Pentachlorophenols

do 2 320 000

PCB mixture

11 000 — 220 0000

2,4,6-trichlorophenol 679 750
p-chloroanil 375 620
o-chloroanil 62 910
Violet dyes (Christal violet) 1200
Herbicide 2,4,5-T do 7 000
Pesticide Dichlorprop do 1000
3 Research Centre for Toxic Compounds in the Environment 100
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Vznik PCDDs/Fs

SO G O JOC=- L

2,4,5-Trichlorophenol Predioxin Dioxin (2,3,7,8-TCDD)

Cl Cl
Dibenzofuran (2,3,7,8-TCDF)
FIGURE 7.1 Formation of dioxin and dibenzofuran. After Crosby (1998).

N ERS/
S 2

~gq‘:‘,VI/\I v
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————— Vznik PCDDs/Fs

¢ & kgég
|
!

chlorophenoxy-
chlorobenzene chlorophenols carboxylic acids PBCs

1. Temperature ranges of dioxin and furan formation for various precursors

100 100 ‘ | |
4 c/cy l “ ! !
% 0/. | !
wof————4—— 3 \—+
S0 N\ |
g |
= (| I— ! ; o | PO
g -
| T, ()5\
0.1 — S
: | ! .= 15s
- PRI 1 P
} | g 0.01 R
| ! |
| 1 | |
i 500 600 700 800 eC 1000 °‘°°'4oo 500 600 700 800 °C 1000
s temperature 7' 2 e T
2. Decomposition of PCBs as a factor of 3. Decomposition of TCDD in air

temperature 2 = 1.0, 7=2.0s

Figure 2.5.4 Formation and thermal decomposition of chlorinated dibenzodioxins and dibenzofurans
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Kontaminace komercnich produkta na bazi

chlorfenolu

Cl Cl Cle
pre-dioxins (Cl 5 ) lso-pnc-dloxms (Cl 4. 7) dlphcnylclber (Cl 4,7)
1001000 ppm
a OH
2.4,6-trichlorophenol @ @ @ @
(Eciuicel) cr al, c cl,
OH : (0] i
dihydroxybiphenyls (Cl 4 7) dibenzofurans (Cl s_¢4)
5-20 ppm
Cl Cl
dioxins (Cl 4_g), chlomphcnols dibenzofurans (Cl 4 _g)
Cl Cl up to 10 ppm
Cl
pentachlorophenol
(technical)
Clg
diphenylethers (Cl 4 go)
up to 500 ppm
Figure 5.4.2 Contaminants in commercial chlorophenol products
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Sekundarni zdroje - pfiklad FRG

Kaly z COV
Komposty =  zemédélstvi + zahradnictvi
Kapalna hnojiva

Kaly z COV:

- limit: 100 ng I-TEQ.kg! s.h.
-1986/87: 202 ng I-TEQ.kg! s.h.
- 1990: 50-60 ng I-TEQ.kg! s.h.

Research Centre for Toxic Compounds in the Environment 104
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Sekundarni zdroje - pfiklad FRG

Kompost:

- limit: 17 ng I-TEQ.kg™! s.h.
- v§echny odpady: 38+22 ng I-TEQ.kg! s.h.
- bio: 1449 ng I-TEQ.kg! s.h.

% Kontaminované pidy - okoli chemickych vyrob

Kontaminované sedimenty (Ryn, Labe)

% Kieselrot (antuka - Cu struska) - povrch hfist’
koncentrace - 10 000 - 1 000 000 ng I-TEQ.kg'!

@

Research Centre for Toxic Compounds in the Environment
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PCDD/Fs — mikrobialni dechlorace

a
|
~ ,
i:[::zlf CI\}\O/‘/CI
<N ./\a\ ‘ Iq :OI :
~ o 07 NN
1,2,3,7,8-ClsDD .

2,3,7,8-CL,.DD

Non-2,3,7,8-CkDD ———  Non-2.3.7.8-CLDD

Non-2,3,7,8-CLDD peri-lateral dechlorination pathway

Figure 13.4. Differentiation of microbial peri-dechlerination (1,4,6,9) and peri-lateral dechlorination (2,3,7,8) pathways.
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Analytické metody stanoveni

Nutnost pouZiti znaCkovanych standardi
- BC ,-znatkované 2378-substitované PCDDs/Fs
- I2C ,-znackované standardy

Extrakce, CiSténi, frakcionace
Analyza HRGC/HRMS

- pouziti dvou kolon: nepolarni DB-5 nebo Rtx-5 a
polarni SP 2330 nebo Rt-2330

PozZadavky dle US EPA Methods 1613, EPA Method 8290 a doporuceni EC
Workshop 1993

Double focusing MS, rozliseni 8 000 - 10 000

Kvantifikace: signal/$um (S/N) pro GC signal > 3,0

VytéZnost pro interni standardy: 40 - 120 %

Research Centre for Toxic Compounds in the Environment 107
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PCDDs/Fs v prostiedi
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POP redistribuce mezi environmentalni slozky

100%
90% -
80% -
70% A
60% -
50% -
40% -
30% -
20% A
10% -

0% -

HCB Lindane B[a]P PCB PCDD/F

Bl sea [Ovegetation [Isoil
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Hodnoceni hladin kontaminace

fgim’
N /
24 N mean annual /
20
T \/j
1.2
0.8
0.4
0.0
F @8 P P @ P

PCDDs/Fs mean annual air PCDDs/Fs seasonal variations of air
concentrations in 1998 concentrations over land for 1998
[fg I'-TEQ.m™] [fg I-TEQ.m™]
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Hodnoceni schopnosti dalkového transportu

Latka Tok mimo
B[a]P 30 %
. nd PCBs 50 %
PCDDs/Fs 60 %
g-HCH 75 %
HCB >80 %

Research Centre for Toxic Compounds in the Environment
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UNEP/SC Dioxin Toolkit

Methodology to Establish Complete
and Comparable PCDD/PCDF

Inventories
(190 pages + EXCEL file).

Application started in, e.g.,
Thailand, Uruguay, Nigeria,
Philippines, Vietnam, Brunei,
Jordan, Lebanon

UNITED NATIONS
ENVIRONMENT PROGRAMME

Standardized Toolkit
for Identification and Quantification

of Dioxin and Furan Releases

4 Residuos ! o

DRAFT

January 2001

Research Centre for Toxic Compounds in the Environment
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Food chain contamination

HUMAN FOOD CHAIN

POLLUTION SOURCE FOOD PRODUCT
MARINE p FISH p fish & fish >
l products
RIVER AND
FRESHWATER FISH OIL health
products
POLLUTION i \
BAKER
CONTAMINAT- y» ANIMAL
ED WASTE
l dairy
CONTAMINATED chicken, /
VEGETATION > cattle p HIlSal G e,
products — >
AND SOIL l
veg, fruit,
CROPS
2R > > cereal, pulses

- 113
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PCDDs/Fs - kontaminace potravin

Research Centre for Toxic Compounds in the Environment
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PCDDs/Fs - kontaminace potravin

Vegetable ol margarine
Fruit/vegetable 0.5 pgl-TEQ 1%
3.9 pg I-TEQ 8%

Meat / meat products
Eggs 15.2 pg I-TEQ 30%
5.8 pgl-TEQ 11%

Fish
5.8 pg I-TEQ 11%

ilk / milk products
19.7 pg I-TEQ 39%

Fig. 1: Share of different food groups in the daily dioxin intake
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PCDDs/Fs - kontaminace matefského mléka

n=2434 sarrples

1986- 1991 1992 1993 1994 1995 1996 1997 1998
1990
Sampling Y ear

Fig. 3: Trends of mean dioxin concentrations in human milk in Germany
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PCDDs/Fs - kontaminace ¢lovéka

30

[ Coplanar PCBs I
25 +

OPCDFs

B PCDDs

20 +

15 +

10 +

Male Female Male Female
Vegans General Population
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WHO TEQ (pg/g fat)

35

O PCB
B PCDD/F
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Casovy trend PCDDs/Fs v matefském mléce
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PCDD/Fs ve svaloviné White Fish
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