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DIOKSYNY

polichlorowane dibenzo-para-dioksyny PCDD
polichlorowane dibenzofurany PCDF
dioksynopodobne polichlorowane bifenyle dI-PCB

PCDDs — 75 kongenerow
PCDFs — 135 kongenerow
PCB - 209 kongenerow, w tym 12 dI-PCB

Oznaczane: 17 PCDD/PCDF, 12 PCB (7 PCB)



Table 1. Toxic equivalency factors

WHO/97 WHO/2005

Mammalian I-TEFs Mammalian
Congener TEFs TEFs
PCDD
2.3.7.8-TCDD 1 1 |
1.2.3.7.8-PeCDD | 0.5 1
1.2.3.4.7.8-HxCDD 0.1 0.1 0.1
1.2.3.6,7.8-HxCDD 0.1 0.1 0.1
1.2.3.7.8.9-HxCDD 0.1 0.1 0.1
1.2.3.4.6.7.8-HpCDD 0.01 0.01 0.01
1.2.3.4.6.7.8.9-OCDD 0.0001 0.001 0.0003
PCDF
2.3,7.8-TCDF 0.1 0.1 0.1
1.2.3.7.8-PeCDF 0.05 0.05 0.03
2.3.4,7,8-PeCDF 0.5 0.5 0.3
1.2.3.4.7.8-HxCDF 0.1 0.1 0.1
1.2.3.6.7.8-HxCDF 0.1 0.1 0.1
1.2.3.7.8.9-HXCDF 0.1 0.1 0.1
2.3.4.6,7,8-HxCDF 0.1 0.1 0.1
1.2.3.4.6.7.8-HpCDF 0.01 0.01 0.01
1.2.3.4.7.8.9-HpCDF 0.01 0.01 0.01
1,.2.3.4.6.7.8.9-OCDF 0.0001 0.001 0.0003
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WHO/97 WHO/2005
Mammalian I-TEFs Mammalian
Congener TEFs TEFs
PCB
IUPAC No. Structure
77 3.3'44'-TCB 0.0001 n.a. 0.0001
81 3.4.4'5-TCB 0.0001 0.0003
105 .3.3'.4.4'-PeCB 0.0001 0.00003
114 2.3.4.4'.5-PeCB 0.0005 0.00003
118 2.3'.4.4'.5-PeCB 0.0001 0.00003
123 '3.4,4'.5-PeCB 0.0001 0.00003
126 3.3'.4.4'.5-PeCB 0.1 0.1
156 2.3.3'.4.4'5-HxCB 0.0005 0.00003
157 2.3.3'4.4'.5'-HxCB 0.0005 0.00003
167 2,.3'.4.4'5,5'-HxCB 0.00001 0.00003
169 3.3'.4.4'5,5-HxCB 0.01 0.03
189 2.3.3'4.4'.5.5-HpCB 0.0001 0.00003
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Wynik oznaczania PCDD/F 1 PCB

m (¢) —masa (st enie) PCDD/Fi (pg/g)
TER —dla PCDD/IF

m () —st enie dl-PCB(pg/g)

TER -dladl-PCB
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Nazwa  Standardy emisyjne w mg/m3, (dla dioksyn i furanéw w ng/ m3 ), przy zawarto ci 11 % tlenu w

Lp. substancji gazach odlotowych?
Sl rednie trzydziestominutowe
dobowe
A B

1 2 3 4 5

1 py 0g6 em 10 30 10

p Mg 10 20 10
organiczne

3  chlorowodor 10 60 10

4  fluorowodor 1 4 2

5 Gl 50 200 50
siarki

6 tlenekw gla? 50 100 150%

7 Nox1 200 400 200
Nox 2 400 - -

8 Qetilii rednie z proby o czasie trwania od 30 minut do 8 godzin
kadm + tal 0,05
rt 0,05
Metale 0,5

9 dioksyny rednia z proby o czasie trwania od 6 do 8 godzin
| furany 0,1



rod a dioksyn wg Konwencji Sztokholmskie]
- Aneks C — procesy nieintencjonalne

PCDDs, PCDFs, HCB i PCBs powstajieintencjonalnie i suwalniane dorodowiska
z procesow spalania w ktérych@becne substancje organiczne oraz chlor jako rezultat
niekompletnego spalenia lub reakcji chemicznych . Nvagtce procesy s
potencjalnymi réd ami dioksyn:
o (a) Spalarnie odpadow — w tym procesy wspo spalania odpaddéw komunalnych,
niebezpiecznych, szpitalnych i osadasekowych.
e (b) Piece cementowe wspo spatag odpady niebezpieczne
e (c) Produkcja celulozy i papieru zyciem chloru pierwiastkowego lub zvzkow
generujcych powstawanie chloru w procesie bielenia.
* (d) Nastpuj ce procesy w przemie metalurgicznym:
(i) Przetapianie z omu miedzianego
(i) Spiekanie rudy elaza w hutnictwieelaza i stali
(iii) Przetapianie z omu aluminiowego
(iv) Przetapianie z omu cynkowego
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St enie Masa Nat enie Wspo czynnik

dioksyn w spalanego emisji emisji
spalinach w gla m3/h g I-TEQI/t
ng I-TEQ/m?3 t/h w gla
Ma e piece do indywidualnego ogrzewania
9,2 0,05 1500 276
4,1 0,02 700 144
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St enie Masa Nat enie Wspo czynnik

dioksyn w spalanego emisji emisji
spalinach w gla m3/h g I-TEQI/t
ng I-TEQ/m?3 t/h w gla
Koty ze z 0 em fluidalnym
0,0012 16 330000 0,025
0,0015 9 200000 0,033
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W jaki sposob dioksyny
zak ocaj funkcje organiczne?

Nast puje zak 6cenie transkrypcji cytochromu P450 (CYP1A)
Etapy mechanizmu indukcji cytochromu CYP1A1 :

W wyniku przedostania si,dioksyn” do organizmu, lipofilowe
cz steczki dioksyn przenikaprzez b on komoérkow i nastpnie
wi  si ze specyficznym receptorem zekow aromatycznych Ah

Kompleks ulega przekszta ceniu do formy aktywnie weej si z
DNA.

Nastepuje indukcja transkrypcji CYP1A1, objaw@jsi zwi kszon

ilo ci mRNA (informacyjny RNA). Wp ywajc w sposob selektywny
na transkrypcjgenu CYP1A1 i produkcjodpowiadajcego mu

MRNA, zmieniajc st enie swoistych bia ek oraz procesy
metaboliczne w komoérce.
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Although effects of small exposures to dioxins are
unlikely to be detected by clinicians, the growing body of
toxicological and epidemiological literature demonstrates
that dioxins have had adverse impacts on our population.
Levels of dioxins in the United States and Europe are
decreasing, both in the environment and in the population

(Schecter et al., 1989, 2005; EPA, 2004). This 1s almost
certainly a result of stricter regulations of 1ndustrial

processes throughout the developed world.
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Jak okre |li stopie
toksycznego dziaania
dioksyn

obok Innych
ksenobitykow?




AGENT ORANGE
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Fot. Autor

Niekontrolowana emisja — roéd o punktowe @eﬁ




FAZA GAZOWA
Mechanizm ShaubTsanga

OH
P+Pe® PD - -
PD® PCDD

Cl

Shaub | Tsang : Ea = 26 kcal/mol
Sidhu i Dellinger: Ea=19,5 kcal/ mol
Grotheeri Louw: Ea = 24,5 kcal/mol

Ea@23 kcal/mol




Teorie tworzenia siPCDD/Fs

e synteza ‘de novo’

 tworzenie si dioksyn z prekursorow

"~ w reakcjach heterogenicznych

~ w reakcjach homogenicznych (w fazie gazowe))

W reakcjach spalania powstaje charakterystyczny profilgenerow :

gdzie zawszePCDFs/PCDDs > 1




How much does dioxin-like PCB contribute to total T EQ?
BALTIC FISH

Bl Dioxin TEQ
OPCB TEQ

Salmon Herring

PCDD/PCDF-TEQ versus PCB-TEQ

Wg. Kristofer Warman, Alcontrol, Szwecja Go h . p“



How much does dioxin-like PCB contribute to total T EQ?
Environmental samples: IrON ore sintering process

Bl Dioxin TEQ
OPCB TEQ

Stack Gases

PCDD/PCDF-TEQ versus PCB-TEQ

Wg. Kristofer Warman, Alcontrol, Szwecja Gc h . p“



How much does dioxin-like PCB contribute to total T EQ?
Environmental samples: controlled waste incineration

Bl Dioxin TEQ
OPCB TEQ

Stack Gases Bottom Ash

PCDD/PCDF-TEQ versus PCB-TEQ

Wg. Kristofer Warman, Alcontrol, Szwecja Gc h . p“
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Analiza kongenerowa

Dioskynowy odcisk palca
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Industrial — 180 ng-TEQ/kg
Municipal — 29 ng-TEQ/kg

Odra river sediment in the Copper industry area versus
sediment from municipal waste water treatment
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Profil kongenerowy dioksyn dla prébki krwi Wiktora J
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Profil kongenerowy dioksyn dla probki spalarni odpad
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The German authorities are carrying out a nationwide
hunt for food products that may have been contaminated
by the tainted guar

Early last week, FLEXNEWS reported that high levels of dioxin had been found in a Swiss-made
thickening agent. Further to the discovery, the manufacturer Unipektin ordered a worldwide recall

of the prodyct

Between 12 and 156 picograms of dioxin per gram of fat were discovered in Vidocrem samples
tested by a German laboratory on 13 July 2007. The EU norm is 1 to 6 picograms per gram.

[ » | View more articles on this subject

More Alerts from 10/08/2007

Sun Caunres

Germany: Nordmilch to Sell Milk
Drinks, Yoghurt and

Romania Danone Yogurt Safe for
Humasan Consumption

Germany: Incressing Exports of Milk
and Dairy Products

omania Dancone Unit Recalls Yoghurt
nish Valio Withdraws Dioxin-
Contaminated Cream

German Dairy Firm Muller in
Southeast European JV with

German Milk Prices Faoce Price-Fixing
Review

+ More in Food Industry News

Nestle Australis Shifts Pskenham
Noodle Operations

UK: Bakery Firm Flatchers Plans 200
Job Cuts in Sheffield

EU to Clesr New GMO Best in Sept
Despite Biotech Row
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Consequences of the Belgian chicken crisis in 1999

- 1) Introduction in 1999 of Belgian national norms for PCBs in feed and food
- 2) Political changes (christian-democrats/socialists to liberals-greens)

- 3) Creation in 2000 of a systematic national monitoring of food of animal origin
(the CONSUM system)

- 4) Creation in 2000 of Federal Agency for Food Safety
- 5) Cessation of recycling of animal fat  to be used in feedstuff

- 6) Introduction in 2002 at EU level of harmonized norms for PCDD/Fs in animal
feed and food of animal origin (updated in December 2006)

-7) Losses of ~1.5 — 2 billion Euro for the Belgian economy + partner trust
to be restored

- 8) Much higher public awareness of Food Safety issues

Adrian Covaci, University of Antwerp, Belgium




Wg. Kristofer Warman, Alcontrol, Szwecja
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2,3,7,8-TCDF
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Udzia % kongenerow 2,3,7,8 w grupie TCDD i TCDF







Fot. autor



Fot. mgr in . Marek Chyc









Mied Jest
siinym katalizatorem
wielu reakcjl powstawania
dioksyn w warunkach spalania

Fakt ten jest znany od ponad 20 lat!



Dioxin concentration from two measureme

Table 9:Catalyst in 50g bag

(16 kg of beech wood burnt + 1 bag chtalyst)

RESULT in ng/g!

Sample name Bottom ash 7.45 g
Congener I-TEF Congener mass Partial TEQ
PCDDs / PCDFs mi
ng/g ng I-TEQ/g
2,3,7,8-TeCDD 1 0.067 0.0670
1,2,3,7,8-PeCDD 0.5 0.319 0.1595
1,2,3,4,7,8-HxCDD 0.1 0.915 0.0915
1,2,3,6,7,8-HxCDD 0.1 1.45 0.145
1,2,3,7,8,9-HxCDD 0.1 1.93 0.193
1,2,3,4,6,7,8-HpCDD 0.01 125 1.25
OCDD 0.001 1370 1.37
2,3,7,8-TeCDF 0.1 0.596 0.0596
1,2,3,7,8-PeCDF 0.05 1.29 0.0645
2,3,4,7,8-PeCDF 0.5 5.37 2.685
1,2,3,4,7,8-HXCDF 0.1 6.55 0.655
1,2,3,6,7,8-HXCDF 0.1 12.1 1.21
1,2,3,7,8,9-HXCDF 0.1 2.01 0.201
2,3,4,6,7,8-HXCDF 0.1 48.4 4.84
1,2,3,4,6,7,8-HpCDF 0.01 119 1.19
1,2,3,4,7,8,9-HpCDF 0.01 31.2 0.312
OCDF 0.001 1110 1.11
P /—\
Summarised result @g I-TEQ/g ) ( 15.6 + 3.6
e ——————

No catalyst - 10.6 pg I-TEQ/g




Dioxin in Total
Sample| Installation Fuel Catalyst Bottom ash |PCDD/PCDF
I-TEQ/pg g™ ratio
A Power plant Hard coal 0.5+0.2 0.24
CuSQ, NacCl,
B Power plant Hard coal NH.Cl. CacQ 47 £ 12 0.30
CuSQ, NacCl,
C Power plant Hard coal NH.Cl. CaCQ 45 + 12 0.28
Hard coal CuSQ, NacCl,
D Power plant + Biomass 10%| NH.CI. CaCQ 217 = 57 0.28
Sulphur, -
E | Powerplantf  Hard coal NaNOs, MO 3.0+0.8 @
F Fireplace 1| Beech wood 0.32+0.10 0.45
G Fireplace 2| Birch wood 1.85 + 0.50 0.60
H | Fireplace 1| Beechwood | SUS@NaCl |56 550 + 5 000

NH4Cl, CaCQ
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Relative scale to sulphur




Dioxin Total
Sample| Installation Fuel Catalyst stack gas PCDD/PCDF
ng I-TEQ/m?, ratio
A Power plant Hard coal ) 0.009 + 0.003 0.5
CuSQ, NacCl,
B Power plant Hard coal NH.Cl. CaCQ 0.85+0.15 0.45
CuSQ, NacCl,
D Power plant Hard coal NH.Cl. CaCQ 1.70 £ 0.40 0.60
Hard coal CuSQ, NacCl,
C Power plant + Biomass 10%| NH.CI. CaCQ 8.10 £ 0.90 0.20
E | Powerplant|  Hard coal Sulphur, |4 555 4 0,010 0.28
NaNQ;, MgO ' - '
F Fireplace 1| Beech wood - 0.05 + 0.02 0.40
F Fireplace 2 Birch wood ) 0.12 £ 0.05 0.55
G Fireplace 1 | Beech wood CusQ, Nacl, 350 + 80

NH,Cl, CaCQ




Fuel ug I-TEQ/ TJ | g I-TEQ / year
A NO CAT Hard coal 10 5.4
B |CATALYST| Hard coal 2000 1080
HY It—(')I'rI]EQ/ g I-TEQ / year
C NO CAT Wood 0.15 0.03
D |CATALYST Wood 500 100

Data for calculation: COAL

Annually energy production in Poland from hard dsata.150 TWch

1 Wh=3.6KJ
it gives 540 PJ of energy

Data for calculation: WOOD

Annually wood consumption in Poland for individimedating - 200 000 tons

20 kg of wood generates 0.003 pg I-TEQ dioxin catalyst and 10 ug I-TEQ dioxin with catalyst addl.




Aparatura do pobierania probek — EMIO, Wroc aw
wg. T. Hudyma



Fot. autor

Pobieranie prébek do oznaczania dioksyn
w cementowni Rejowiec



Fot. autor

Pasywna metoda pobierania probek powietrza
do oznaczania dioksyn — Krakow, ul. Ogrodowa



Dioxin | Krakéw, Poland 2000 - 2008
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1 ng TEQ/kg

50 ng TEQ/kg

60 ng TEQ/kg.

ponad 300min Euro



Razem 420 zwi zkow

tworz ponad 3000 r6 nych zwi zkow ...






