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RECETOX — Division of Environmental Chemistr t

Fundamental research focused on the fate of persistent, toxic
substances

% New types of pollutants — anthropogenic, natural
% Development of sampling and analytical methods
% Measurements/monitoring vs. modelling
% Transport processes

4w  Environmental transformations

L Gl

obal, regional trends
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Implementation of the SC in the CR

Czech National Centre
for Persistent Organic Pollutants

as a joint activity of @%

Masaryk Universityy, RECETOX
(Research Centre for Environmental Chemistry and
Ecotoxicology)

and
Ministry of Environment, the Czech Republic
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Global implementation of the SC

Regional POPs Centre
for Central and Eastern Europe

as a joint activity of

Masaryk University, RECETOX
(Research Centre for Environmental Chemistry and
Ecotoxicology)

and
Ministry of Environment, the Czech Republic
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RECETOX - Division of Ecotoxicology

In vitro ecotoxicology
biochemical and molecular screening for dioxins,
disruptors (EDCs), genotoxms, mechanlsms of tox1c1ty

enc ocrne

Aquatic ecotoxicology in vivo

2 o o b - . \ N " : ) S
acute and chronic toxicity, reproduction and developmental

effects - specific research on sediments §

Soil ecotoxicology :
microorganisms and invertebrate tox1c1ty, b10ava11ab111ty

Centre for toxic cyanobacteria
water blooms - human and ecologlcal risks restoratlon -

00H  GHj
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Division of risk analysis
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Institute of Biostatistics and

www.ilba.muni.cz

Research and teaching

Computational biology

Computer sciences

Clinical data analysis & modeling
Evidence-based medicine

Health care registries

Predictive oncology

Epidemiology & disease mapping

Ecological risk assessment

E & E & & FEFEE 6

Human risk assessment
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RECETOX Educational programme

[Faculty of Science}
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RECETOX Educational programme — actual situation

Er{vironmental chemi%try [ Ecotoxicology ] l‘%athematical Biology
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Témata panelové diskuse

Aktualni témata dneska:

%  Problematika primyslovych chemikalii a jejich
nahrazovani novymi typy latek.

% Problematika persistentnich agrochemikalii v
zemeédélstvi vs. ekologické zemédélstvi.

Y%,  POPs a dalSi chemické latky a jejich vliv na lidské
zdravi.
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Chemické latky - > 16 000 000

Esencialni, nezbytné pro riizné
Zivotni procesy (vitaminy,

Chemické
latky
v prostfedi

aminokyseliny, biogenni prvky

\

Bez zjevnych skodlivych ucinkt

(argon, celul6za) nebo jsou snadno
nahraditelné jinymi (aminokyseliny,

cukry)

S neZadoucimi, negativnimi vlivy pro
nékteré nebo vSechny formy Zivota (t¢zké
kovy — Hg, Pb, Cd, PCDDs/Fs, PCBs..)
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Soucasné chemické latky v prostfedi

Human care products

(cosmetics, perfumes
(~300), chemicals for hair
bleaching and permanent
UV-filters)

Industrial chemicals

(~ 80 000 registered by
EPA,
~ 4 000 neurotoxins)

(n=???)

Pharmaceuticals

antibiotics,
betablockers, anti-
epileptics, analgetics)

Metabolites

Tensides, detergents

(~ 800 substances)
~ 50 000 producs,

~ 2900 effective
substances

Pesticides

(herbicides,
insecticides,fungicides

..)
~ 1004 effective
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Stale vice a vice chemickych latek..

% 1000000 tvroce 1930, 100 000 000 t v souCasnosti

% 100 000 raznych chemickych latek v Evropé
-10 000 > 10t
-20000 mezi1a 10t

% Mezi 100 000 vyrabénymi chemickymi latkami pouze 140 ma
provedeno hodnoceni rizik dle predpisu EU

% Dlouhotrvajici a financné narocna procedura...
Chemodiversita...
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Hodnoceni vyskytu chemickych latek v prostfedi

Chemické latky v prostfedi

Chemicka struktura <::> Biologicka aktivita

Co znamena pfitomnost chemickych latek
v prostfedi pro Zivé organismy ?

Riziko spojené s jejich pfitomnosti — akutni,
chronické
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Subject of interest

PTS= Persistent toxic substances

PBTs = Persistent, bioaccumulative and toxic substances

POPs = Persistent organic polutants
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POPs (Persistentni organické polutanty)

Research

© The group of most fascinating pollutants

Kevin C. Jones
( Jones) .

® Ghost of the past (Terry Bidleman)

God created 90 elements, man round 17, but Devil only 1 - °
chlorine (Otto Hutzinger)
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Persistentni organické polutanty

Persistentni

Bioakumulativni
Toxické
Dalkovy transport

SILENT
SPRING
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Seznam polutanta

Stockholmska timluva - The “Thirty Dosen‘:

¢ Pesticidy - aldrin, DDT, dieldrin, endrin, chlordan,
heptachlor, HCB, mirex, toxafen

¢ Prumyslové produkty — PCBs, HCB

¢ Vedlejsi produkty priimyslovych a spalovacich procesi -
PCDDs, PCDFs, PCBs, HCB
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Stockholmska umluva
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Stockholmska umluva
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Persistent Organic Pollutants (POPs)

Classical organochloric pesticides:
DDT, Aldrine, Dieldrine,
Endrine, Chlordane,
Heptachlor, Mirex,

Toxafen

Industrial chemicals:
Polychlorinated biphenyls (PCBs)
Hexachlorbenzene (HCB)

Unintentionaly formed products:

Dioxins (PCDDs/PCDFs),
PCBs, HCB

Candidates for POPs?
Perfluorinated compounds (PFOS)
Polybrominated compounds (PBDEs)
Polybrominated biphenylethers

Octyl and nonylphenols with
etoxylates

Chlorinated paraffines (SCCPs)
Polychlorinated naphtalenes (PCNs)
Polychlorinated terphenyles (PCTs)
Organotin compounds .......

Polycyclic aromatic hydrocarbons
(PAHs)

Research Centre for Environmental Chemistry and Ecotoxicology
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POPs - zakladni charakteristika

% P - degradace v prostfedi je pomala nebo prakticky
zanedbatelna - persistence;

% mohou se vyskytovat v plynné fazi nebo v kondenzovanych
stavech (sorbované nebo rozpusténé) za environmentalnich
podminek - semi-volatilita;

% B - maji tendenci ke kumulaci v tukovych tkanich riznych
organismu - bioakumulace;

% T - maji potencialné skodlivé uCinky na volné Zijici
organismy a lidskou populaci ve stopovych mnoZstvich -

toxicita.

Legislativa, mezinarodni konvence - POPs - persistentni

Research Centre for Environmental Chemistry and Ecotoxicology
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PBTs - zakladni charakteristika

PBTs (POPs) jsou:

S

S
S
S

Multifazové latky
Vyznacuji se dlouhou dobou Zivota
Jsou ,,nepolapitelné*

Organismy na vyssich trofickych urovnich jsou
nejzranitelnéjsi viiCi pusobeni téchto latek
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Typy POPs v prostiedi

%  POPs jsou pfitomny v prostfedi a bioté jako komplexni smési
— v mnoha pfipadech neznamého sloZeni

% T¥idy POPs — rizné strukturni typy — spoleéné/tizné typy
toxickych ucinku

4%  Toxické interakce - aditivni/ne-aditivni,
synergismus/antagonismus

% Ruzné typy mechanismu ucinku

%  Pfirodni/dietarni chemické latky

Research Centre for Environmental Chemistry and Ecotoxicology
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Bioakumulace

Figure 6-7

The bioaccumulation
and biomagnification
of PCBs in the Great
Lakes aquatic food
chain. (Source: The
State of Canada’s Envi-
ronment. 1991.
Ottawa: Government

of Canada.)

Herring gull eggs
124 ppm

Lake trout
4.83 ppm

Rainbow smelt
1.04 ppm

Zooplankton
0.123 ppm

Phytoplankton
0.0025 ppm
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Expozicni cesty pro Clovéka a nehumanni organismy

(van Leeuwen and Hermens 1995)

Distribution and exposure
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Chemické latky v Zivych organismech

@ Environmental Contaminants

External
Dose

ingestion
Absorption inhalation @
N skin contact

X=

Internal
Dose

Transport

Metabolism

Biologically

Effective Dose Target Organs

and Tissues

Research Centre for Environmental Chemistry and Ecotoxicology

http:/ /recetox.muni.cz




& & & &

@

Ucinky organochlorovych latek na Zivé organismy

Nespecificka toxicita
Toxicita se specifickym mistem ucinku
Endokrinni ucinky

Metabolismus, aktivace, kovalentni vazby, lipidni
peroxidace

AhR-zprostfedkovana toxicka odpovéd’

Immunotoxicita
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Utinky POPs
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Faze vyvoje zhoubného nadoru

In healthy tssue,
cells are linked by

channels through
their membranes,
and all the nuclei
contain the same
genetic informa-

tion.

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.

Neighbouring cells are thus no longer able to
prevent the damaged cell from starting to divide

and produce copies of itself.

If promotion continues for a long

time, it can result in precur- |
sors of cancer, in the form

5 of clusters of cells with

2. Promotion

. altered characteris-
N
\ o
tics.
N\

dioxin

dioxin-like PCB &

The altered tissue can

1

haninn timarie .
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Chlorakne

The Seveso accident

Left:

4 months after

A

r
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Chlorakne

Viktor Yushchenko - before and after
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POPs v prostredi

POPs primarné emitované do atmosféry z riznych zdroju
podléhaji v atmosféfe transformacnim reakcim a mohou byt
transportovany na znacné vzdalenosti, pfedevsim sorbované
na tuhé Castice.

Z atmosféry jsou odstraniovany suchou a mokrou atmosférickou
depozici, jeji pomoci se dostavaji do vody a pudy.

Vodnim sloupcem se postupné dostavaji do sedimentt.

Atmosférickou depozici, vodou €i piadou se mohou dostat do
Zivych organismu vSech typu a v nich se vyznamné

kumulovat.

Research Centre for Environmental Chemistry and Ecotoxicology
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Trendy v environmentalnich hladinach PCBs
Concentration m Air
g
E %
£ =
1900 IQISI] | ZDID{] 1900 l?lﬁﬂ ZDIDD
Concentration in Soil
1900 1950 EDIEI{]
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Vymeénné procesy vzduch — pida - trendy

In 1960: In 1995:
Fy
Wet and Dry Wet and Dry
Particle Deposition 1 Gas Particle Deposition * Gas
Exchange Exchange
h 4 Y ¥
SOIL OR WATER BODY SOIL OR WATER BODY
* - : .
- *
* “
~ -
b N
Degradation and binding Degradation and binding
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Globalni historické pouziti PCBs podle latitud a

latitudalni mnoZstvi v ptiidach

100000

Global historical usage of total PCBs by latitude (in tonnes)
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Globalni PCBs emise

-10 10-50 50-100 100 -500 > 500
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Typicky gradient znecisténi

Koncentrace

Disperse

Degradace

1 Vzdalenost

“Hot spot”
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POPs — dalkovy transport

LOSS

SOURCE

REMOTE REGION

TRANSPORT

TRANSPORT :
DEPOSITION 1
:
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Migracni procesy POPs

High latitudes

Deposilion > a&vaporalion

F:'Ild-latltud.ES Global distillation

Seazonal cycling with tractonation

of deposition and Al e indg T gl el ma kg
& vaporalson

Lamg-range
gt pheric
Iramnspor

L me-rangs
GCeank;
transport

Low latitudes
Evaporation = deposition

“Grasshopping”
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Podobnosti PBTs vzhledem k transportnim mechanismim

L persistence zvySuje svij relativni vyznam pro transport ve vztahu k
transformacim fidicim osud kontaminantu

% distribucni charakteristiky vedou k vyznamné pfitomnosti v raznych
environmentalnich slozkach (ovzdusi, voda, ptida)

Atmosféricky transport (plynna faze, tuhé Castice, oblacna voda)

~
i
A
Y

Transport pomoci migratornich zvifat

Y

Transport fekami
(rozpusténa faze, Castice)

A

Antropogennni transport (produkty,

S

<
<

odpady)

Transport oceany
(rozpusténa faze, Castice)
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3 skupiny PBTs vzhledem na transportni mechanismy

ednoskokové: Chemické latky, jenz jsou
J Y J Br -0 Br

netékavé a nerozpustné ve vodé a jsou
nejCastéji transportovany vazané na Br Br

Br

tuhé Castice v ovzdusi nebo ve vodach 5 5
r r

Multi-skokové: Chemické latky s posunem Cl
distribuce mezi plynnou a Cl Cl
kondenzovanou fazi (puda, vegetace,
voda) a které mohou cestovat na
dlouh¢ vzdalenosti v opakovanych Cl
cyklech vypafovani a depozice

Cl Cl

Nevyzadujici skok:

Research Centre for Environmental Chemistry and Ecotoxicology

http:/ /recetox.muni.cz




LRT chovani ,,Single-Hop*“ PBTs - BaP

Oblasti blizko zdrojt
ovliviiované silnéji nez

Ucinny LRT je omezen na epizody dané
oblasti vzdalenéjsi

hotizontalnim pohybem vzdusnych mas,
minimalni vertikalni pohyb a nedostatek srazek

Pokud jsou jiZ deponovany, bude se kontaminant vazany
na c¢astice pohybovat pouze pfi jejich remobilizaci

Smér transportu je fizen zejmena lokalizaci zdroje ve vztahu k hlavnim smériim
pohybu vzdusnych mas

Piiklady: vySemolekularni PCDD/Fs, PAHs s 5 kruhy jako je benzo[a]pytrene, téZké
PBDEs, mirex, dekachlorobifenyl

Research Centre for Environmental Chemistry and Ecotoxicology
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LRT chovani ,,Multi-Hop* PBTs (HCB)

Persistentni chemické latky, jenZ méni rozdéleni mezi plynnou a
kondenzovanou fazi v zavislosti na teploté prostfedi, mohou skakat
opakované a tak byt transportovany na dlouhé vzdalenosti

Transportni chovani je fizeno snadnosti vymény mezi atmosférou a zemskym
povtchem

Cl

Cl O Cl
Cl

Cl

Cl O Cl
Cl

-l A .a

Cl O Cl Méné tekavé PBTs jsou zadrZovany c

Cl cl v padach, sedimentech a vegetaci

Cl Cl
Cl

Pi{iklady: PCBs, leh¢i PCDD/Fs, HCB, toxafen, dieldrin, chlordany

Cl
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LRT chovani ,,Multi-Hop“ PBTs (HCB)

ProtoZe rychlosti depozice a vypafovani jsou teplotné zavisle,
poskakovani (hopping) je fizeno sezo6nnimi, periodickymi
teplotnimi zménami

Teplotni gradienty jsou v prostoru v kombinaci s
atmosférickym misenim a zajist’uji pfednostni transport z
teplejSich do chladnéjsich regiont na globalni i regionalni
urovni

deposition > evaporation

seasonal cycling
of deposition and

evaporation
long range
atmospheric
transport long range
oceanic
transport

evaporation > deposition



Transportni mechanismy ve vodé rozpustnych PBTs

Chemické latky rozpustné ve vodé zustavaji ve vodné fazi, to
znamena, Ze napfiklad t€kani neni uvaZovano jako vyznamny
mechanismus dalkového transportu

U¢inny LRT vodami vyZaduje vysokou persistenci ve vodé

ol hopping Zemedelske,’ pr’umy.slove
Cl_—c s nebo komunalni emise do AREN
Uéinna mozny, ale » STy
cinna Cl ¢ , ovzdusi a vod & Sa
e Cl neni Cl %
mokra i i Cl_—c :
. - znamnym i
depozice ‘ ,L, vy y
I[ [I II [I II [I 1 pro LRT
I/’,, l/ ,I II t ‘tle A
/I II ,I II I‘ ’ T £ anspot
G¢l_-c1  Oceanicky »
Qz‘ = Priklady: HCHs, PCP, PFOS

transport
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Zdroje
POPs
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Nejvyznamnéjsi environmentalni zdroje PAHs

ANTROPOGENNI

(a) Primyslové zdroje

Vyroba tepelné a elektrické energie

Vyroba koksu

Produkce a zpracovani kamenouhelného dehtu

Vyroba, zpracovani a pouZziti asfaltu

Katalytické krakovani

Vyroba a pouZiti sazi

Odpadni vody

Potravinafské technologie

S
S
=
S
S
& Stroje s vnitfnim spalovanim
=
S
=
n=
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Nejvyznamnéjsi environmentalni zdroje PAHs

(b) Nepramyslové zdroje

%,  Pozary lesu, stepi atd.,
%  Volné hofeni odpadu
% Spalovny odpadi

% Koufeni

% Domaci topenisté

Research Centre for Environmental Chemistry and Ecotoxicology
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Nejvyznamnéjsi environmentalni zdroje PAHs

NEANTROPOGENNI
(a) Geochemické zdroje
% Uhli
% Sedimentované horniny
% Mineraly (curtizit, idrialit..)
%  Vulkanicka Cinnost

(b) Biologické zdroje

S

Biochemicka syntéza makrofyty a mikroorganismy

Research Centre for Environmental Chemistry and Ecotoxicology
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PCDDs/Fs - zdroje

Antropogenni zdroje Pfirodni zdroje
o spalovaci technologie (spalovdni e sopecna ¢innost
nebezpecnych odpadsi a biomasy)

o s 9 lesni pozary
o metalurgické procesy (spékdni rud,

oceldrstvi, taveni hlinikn) o biologické a fotochemické

T . , | RIS
9 chemicka vyroba (cement, papirensky

Dprimysl, elehem. vyroby)

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

Research Centre for Environmental Chemistry and Ecotoxicology
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Primarni zdroje PCDDs/Fs

A) PRIMARNI ZDROJE

1) Spalovaci procesy

a) stacionarni zdroje

spalovny TKO
spalovny nebezpecnych odpadua

spalovny nemocnicnich odpadu

spalovny kalti z COV

Research Centre for Environmental Chemistry and Ecotoxicology
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Primarni zdroje PCDDs/Fs

A) PRIMARNI ZDROJE
1) Spalovaci procesy

b) difazni 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’

Research Centre for Environmental Chemistry and Ecotoxicology
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Primarni zdroje PCDDs/Fs

2) Priumyslové zdroje

a) procesy v chemickém pramyslu, napft.:

- chlorace fenolu

- vyroba 2 4,5-trichlorfenolu

- vyroba pentachlorfenolu

- Friedel-Craftsovy syntézy s AlCl, a FeCl,

- vyroba pesticidu

- PCBs (dnes j1z zakazana)

- vyroba chloru pomoci grafitovych elektrod a .

Research Centre for Environmental Chemistry and Ecotoxicology
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Primarni zdroje PCDDs/Fs

2) Priumyslové zdroje

b) vyroba buniciny, béleni celulézy

c) metalurgické procesy

- vyroba zeleza a oceli
- vyroba médi, niklu, hotciku
- procesy znovuziskani kova (médi, hliniku)

- pouzit{ starého zeleza pfi vyrobé oceli

d) suché cisténi

Research Centre for Environmental Chemistry and Ecotoxicology
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Sekundarni zdroje PCDDs/Fs

B) SEKUNDARNI ZDROJE
a) vytok ze skladek odpadi

b) nekontrolovatelné hofeni skladek
c) aplikace kala z COV
d) atmosféricky spad

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

Research Centre for Environmental Chemistry and Ecotoxicology
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RBA PTS Projekt

Prioritni zdroje - POPs

¢ Zasoby/Pouzivané PCBs
Kolem 1.7 milionu tun bylo historicky vyrobeno

Transformatory, kondenzatory, hydraulické
kapaliny, uskladnéné barely....topné oleje !?
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RBA PTS Projekt

Prioritni environmentalni problémy — POPs

Research Centre for Environmental Chemistry and Ecotoxicology
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Nekontrolované hofeni
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UNEP - Stockholm Convention on POPs, May 17, 2004

. . . Aldrin
Obijective = protection of health

J . p Chlordane
and environment Dieldrin
Priorities - the reduction or Endrin

Heptachlor

Hexachlorobenzene (HCB)

Mirex

Toxaphene

Polychlorinated biphenyls (PCB)’
Dichlorodiphenyltrichloroethane (DDT)
Polychlorinated dibenzo-para-dioxins (PCDD)
Polychlorinated dibenzofurans (PCDF)*

elimination of releases of
persistent organic pollutants
(POPs) from international
production, unintentional
productions, stockpiles and

#

wastes.

The ‘Dirty Dozen’

Article 16 — ‘effectiveness’ shall be evaluated after 4 years:

Y%  Monitoring data
% Regional and global environmental transport

Research Centre for Environmental Chemistry and Ecotoxicology
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Effectiveness evaluation of the SC measures

7N

UNITED NATIONS { a Y
ENVIRONMENT PROGRAMME Y%
CHEMICALS UNEP

Guidance for a
Global Monitoring Programme for
Persistent Organic Pollutants

1 edition
June 2004

Guidance on the Global Monitoring Plan

for Persistent Organic Pollutants
Preliminary version
February 2007/

Prepared by UNEP Chemeals
Geneva, Switzerland

UNEP - Stockholm Convention on POPs
“Effectiveness Evaluation”

Research Centre for Environmental Chemistry and Ecotoxicology
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Passive sampling — RECETOX Conceptual Approach

aaaaaa

......

Integrated monitoring of POPs — the comparison of the
contamination on the regional and local levels and a tool for study of
environmental processes

Research Centre for Environmental Chemistry and Ecotoxicology
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Regional monitoring of POPs

EMEP POPs
Network
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Integrated monitoring of POPs — sampling sites and sampling

frequency —

KOSETICE MONITORING AREA
Catchment of Anensky Brook

Observatory Kosetice — from 1988

/#’ = 1 i1 1

Number of sampling s1t|es/

Frequency of sampling

Ambieht air- - o1 ANA Weekly
Wet deposition 01 Evently
Surface waters 02, 04, 10, 12a, 12b, 14 Yearly
Sediments 02, 04, 10, 12a, 12b, 14 Yearly
Soils 01, 03, 05, 07, 08, 09, 11, 13, 15 Yearly
Litter 09 Yearly
Spruce and pine needles | 05, 07, 08, 09, 13, 15, 16 Yearly

Research Centre for Environmental Chemistry and Ecotoxicology
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Publishing of KoSetice data

I. Holoubek, J. Klanova, J. Jarkovsky, J. Kohoutek:
Trends in background levels of persistent oo
organic pollutants at Kosetice observatory,
Czech Republic. Part I. Ambient air and wet
deposition 1988-2005. J. Environ. Monitoring
9, 557 — 563 (2007).

I. Holoubek, J. Klanova, J. Jarkovsky, V., Kubik, V.,
J. Helesic: Trends in background levels of
persistent organic pollutants at Kosetice
observatory, Czech Republic. Part II.
Aquatic and terrestric environments 1988-

2005. J. Environ. Monitoring, 9, 564 — 571
(2007).

KOSETICE OBSERVATORY — 20 YEARS

Milan Vana, lvan Holoubek et al.

2007
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2 16 PAHs in air, observatory KosSetice, seasonal variations,

sampling every week, 1996 - 2004 [ng.m™]

PAHs [ng.m(-3)]

140

120 A

100 ~

80

B X PAHs (Aerosol)
H X PAHs (Gas Phase)

3.1.1996
3.7.1996
1.1.1997
2.7.1997
31.12.1997
1.7.1998
30.12.1998
30.6.1999
29.12.1999
28.6.2000
27.12.2000
27.6.2001
26.12.2001
26.6.02
25.12.02
25.6.03
24.12.03
23.6.04

Sampling Date

22.12.04
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http:/ /recetox.muni.cz




PUF-Disk PAS — Field Deployment

mounting bracket

stainless steel dome

_tlly
b PUF disk
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, N —
% sunlight
air circulation ' Y,  precipitation
: Y wind effects
% particles
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MONET_CZ - POPs Monitoring in ambient air

No Locality No Locality
1 Bily Kiiz (Beskydy) 26 Neratovice - Tom
2 Bmo - Kotlarska 27 Otrokovice
3 Bmo - Kroftova 28 Praha - Libus
4 Buchlov 29 Piimda (Sumava)
5 Chium - Klet' (Sumava) 30 Radotin - cementama
6 Churdriov (Sumava) 31 Radotin - Kosor
T Jesenik 32 Radotin - Lochkov
8 Kosetice 33 Radoatin - Radotin
9 Liberec - Radlo 34 Rudalice vHorach (Kusné hory)
10 Liberec - Bedfichov 35 Rychory (Kikonose)
11 Liberec -centrum 36 Sedlec (Mikulov)
12 Liberec - Chrastava 37 Sluoiice
13 Liberec - JeStéd 38 Staré Mésto u UH - Colorak
14 Liberec - Rochlice 39 Serlich (Orlické hory)
15 Liberec - Termizo 40 Stitna nad Vidii - Planavy
16 Mokra - cementama 41 Uherske HradiSté - kino
17 Mokra - cementama AlM 42 Uhersky Brod - MU
18 Mokrd - Hordkov 43 Valasské Mezifiti - hvézddma
19 Mokra -vysilat Pozofice 44 ValaSské Mezifici - Jufinka
20 Napajeda 45 Valasské Mezifici - M5ténovice
gl 21 Spolana-Ton 46 Valasské Mezifici - Priluky
22 Neratovice - Spolana wratnice 47 Vizovice
1 23 Neratowvice - Spolana kfiZ ovatka 48 Zlin - St
2 24 Neratovice - Spolana BCD 49 Swratouch
i 25 Neratovice - Spolana archiv 50 SnéZnik (DECin)

Research Centre for Environmental Chemistry and Ecotoxicology
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APOPSBAL - R-T&A Network

Assessment of the selected POPs (PCBs, PCDDs/Fs, OCPs) in

the atmosphere and water ecosystems from waste materials
generated by warfare in former Yugoslav1a
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Passive sampling — RECETOX Network approach -

MONETs
What is it a MONET ?°?

MONET = MOnitoring NETwork

MONET CZ = MONET PIs =
Czech Republic Pacific Islands - Fiji

MONET CEECs |MONET Africa =
= 22 countries of | selected sites round

the CEE + 5 Africa

countries of the

Research Centre for Environmental Chemistry and Ecotoxicology
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RECETOX/CEEPOPsCTR Central and Eastern European
Countries Network - MONET_CEECs_I - 2006; II - 2007

7

Finland
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- I.PHASE
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; _-‘: | f““«.\ R
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- e =
@
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e
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Present fate of old POPs in hydrosphere

Kosetic 8-2005

—60,00

S Irom

—50,00

DDTs [ng/g]

Locality
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Present fate of old POPs in hydrosphere
Sum of DD’]
Sum of DDTs

35

30

25

/

o 20
(@) _—|
- 15 //
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Use of DDT in the WHO African Region — 2002/2006

The use of DDT for malaria control in the WHO African

region the year before the signature of the convention

(2000) and 2 years after the convention entry into force
(2006)

1500-

1000
DDT tons

O Série

500-

Year 2000 Year 2006
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Environmental consequences

Precipitation and
scavenging Al
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HCB and PeCBz in air, observatory KoSetice, seasonal variations,

sampling every week, gas phase only, 1996 - 2004 [ng.m"]

0,9

0,8

0,7

0,6

HCB (Gas Phase)
0,5 PeCB (Gas Phase) - | i |

[ng.m-3]

0,3 1 I 1N IEET 1 N A

0,2

ol = I8 I

3.1.1996
3.7.1996
1.1.1997
2.7.1997
31.12.1997
1.7.1998
30.6.1999
29.12.1999
28.6.2000
27.12.2000
27.6.2001
26.12.2001
26.6.2002
25.12.2002
25.6.03

Sampling Date

Effects of floods in Moravian region at 1997 and in South and Central Bohemia at 2002

Floods — end of June, country redistribution of contaminated soils and sediments, weeks
after — very warm summer — increasing the evaporation of POPs from flooded area

Research Centre for Environmental Chemistry and Ecotoxicology
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HCH skladka, Bitterfeld, Germany

Detail exposure of the open HCH deposit
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Holandsko

% 200 000 t of soil Je—
contaminated by HCH
collected and stored at
temporary storage site

% 10 years of development of
soil remediation techniques

% Now still remaining ten’s t
% Cost till present 15-20 mil. €

Research Centre for Environmental Chemistry and Ecotoxicology
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Holandsko
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Baskicko HCH - kontaminovana mista

Donostia

Bizkaia Gipuzkoa

@ Gasteiz (Vert. Gardelegi) @& Barakaldo (Vert. Argalario)
@ Arrasate (Vert. Besaide) @ Barakaldo (El Regato)

@& Lemoa (Cantera Bazada) @D Barakaldo (Vert. Las Julianas)
@ Mungia (Vert. Jata) @» Santurtzi (Vert. Etxeuli)

@ Leioa (Vert. Lleuri) @P Muzkiz (Vert. Santelizes)

@ Erandio (Vert. Astilleros) @Y Abanto (Cantera Matilde)
: Erandio (Asua) @ Abanto (Vert. Campillo)

@I Galdames (Paraje Lazigoti)

(o]
Loiu (Vert. A £
«n @p Loiv (Vert. Acropuerto) &% Ortuella (Paraje Concha)

&P Bilbao (Vert. Santo Domingo) @ Ortuella (Mina Orkonera)
&P Bilbao (Vert. Artxanda) @ Sondika (Sangroniz)
&P Barakaldo (Vert. Largatxa) @M Sestao (Babcock)

&P Barakaldo (Bilbao Chemicals) @&P Portugalete (Rivas)

&P Barakaldo (Vert. Zuloko) @Y Bilbao (Castrejana)

&P Barakaldo (Vert. Frade) @p Karrantza

&P Barakaldo (Vert. Galindo)

Estimated waste generated 82 000 t = Led to 0.5 — 1 Mt contaminated soils

Research Centre for Environmental Chemistry and Ecotoxicology
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Vyroba pesticidit Durres, Albanie

YUGOSLAVIA
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OHIS Skopje, Makedonie: 0 a 3-HCH — 33 - 38000 t

YUGOSLAVIA
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Rumunsko — 250 t zbytka
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India — ilegalni skladka lindanu
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Ghost of the past - Hot spots

Spolana Neratovice

% 1961 — production of HCHs (13% g) — pesticides +
production of TrCBz — production of TeCBz and HCB

%,  HCB - pentachlorophenolate Na - PeCP

%,  TeCBz - trichlorophenolate Na — 245-T - Agent Orange

%  High contents of PCDDs/Fs

Research Centre for Environmental Chemistry and Ecotoxicology
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Nejhotsi pfipad POPs odpadového hospodatstvi —
ukladani na skladkach
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Best environmental practise — best storage practise
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Best environmental practise — best storage practise

% Docasné feseni problému s POPs odpady do doby nez bude
dostupna vhodna destrukcéni metoda nebo dostupna
kapacita pro zneskodnéni

% Ekonomicky v soucasné dobé¢ pfijatelnéjsi a realnéjsi nez
vystavba novych zafizeni pro likvidaci (spalovacich Ci
nespalovacich)

Research Centre for Environmental Chemistry and Ecotoxicology
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Destrukcni a odstranovaci ucinnost (DRE)

Destrukeni a odstranovaci u€innost (DRE)

DRE =100 x [1 - (celkové mnozZstvi polutantii v kominovych
emisich) + (celkové mnozZstvi polutantu vstupujici do
reaktoru)]

%  DRE ignoruje polutanty vystupujici jako tuhé nebo kapalné
zbytky (e.g. Skvara, odpadni vody)

Destrukcni u€innost (DE)
DE =100 x [1 - (celkové mnozZstvi polutantu ve vsech typech

vystupt) + (celkové mnozZstvi polutantii vstupujicich do
reaktoru)]

Research Centre for Environmental Chemistry and Ecotoxicology
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Procesy akceptovatelné Basilejskou umluvou pro destrukci a nevratnou
transformaci odpadil s obsahem POPs (Annex IVA and IVB of the Basel

Convention
Proces DE/DRE (%) | Cena

Alkalicka redukce Ne

Bazicky katalyzovany rozklad 99.99-99.9999 1
Spolu-spalovani v cementarenskych pecich 99.99-99.9999 «—
Chemicka redukce v plynné fazi 99.99-99.9999 7
Spalovani nebezpecnych odpadu 99.99-99.9999 1
Elektrochemicka oxidace 99.995

Oxidace stfibrem Ne

Plasma arcs 99.99-99.9999 1
Oxidace superkritickou vodou Ne

Research Centre for Environmental Chemistry and Ecotoxicology
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Destrukeni technologie pro POPs

Oxidativni procesy:
Vysoko-teplotni spalovani
Cementarenské pece
Super-kriticka vodni oxidace
Oxidace roztavenymi solemi

Elektrochemicka oxidace

& & & & & &

Pokrocilé oxidacni procesy

Research Centre for Environmental Chemistry and Ecotoxicology
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Destrukcni technologie pro POPs

Redukcni procesy:
%, Katalyticka hydrogenace
% Technologie solvatovanych elektronua
% Redukce sodikem
% Dehalogenacni procesy
- Bazicky katalyzovana dechlorace
- Alkalicky polyethylen glykolatovy (APEG) proces
% Chemicka redukce v plynné fazi

% Pyrolyza roztavenymi kovy

Research Centre for Environmental Chemistry and Ecotoxicology
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Destrukcni technologie pro POPs

Dalsi procesy:
% Plasma arc

Y%  Fotochemicka degradace

Research Centre for Environmental Chemistry and Ecotoxicology
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Vysokoteplotni spalovaci procesy

Vétsi Cast odpada s PCBs a OCPs je v soucCasnosti
likvidovana spalovanim. Hlavnim divodem je fakt, Ze tyto
technologie jsou v soucCasnosti technicky dobfe vyvinuté a
snadno dostupné v fadé primyslovych zemi.

Vétsina téchto zafizeni se nachazi v Evropé a Severni
Americe.

Spalovny NO jsou v nékterych zemich zakazany (Japonsko
(PCBs) a Australia).

Research Centre for Environmental Chemistry and Ecotoxicology
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Spalovaci technologie — spalovny

| - exhaust gases (S02, NO, HCI, HF, CO), CaHam,
| 5 PCBs, PAHs, dioxins, furans, dust, heavy metals

| i ve ff = e
:'f : _-"

[E--:- | .: i & ® l | i | g
ll.-.,urnhuanunL!mmerEL‘ ulmmhmiu p-—u electrofilter |-u—| flue gas H-l.rllhh'l.l']

._'_._--____.'_1;';_.'_ Frrr=Tie L ey s I ErTE T A AN = T — _________.;F____'_'f ==

slag fly ash filter dust flue gas

o - -t cleaning products

: n | : =
road construction with slag e

§ = 5%

leaching of dioxins, furans, _ |
heavy metals heavy metals underground deposits

Figure 2.4.3 Pollutant flows durning waste incineration
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Spalovaci technologie — spalovha NO

Incineration Gas cleaning plant 3

Chimney

Quench

Packed tower absorber Precipitalors

Flue gas
sample paint

Shredder Feed tower

Rotary kiln

i . "
TEETTR o ole s LiTrsurp W oo
‘ Slag quench unit — =] pre— e
Inert slag to landfill
, T [ L
Effluent treatment
)

Chemical dosing l Pump Pump Pump I Pump
l| L
s Inpul balching
tanks
Pump Reaclion lanks Pump I
Causlic
soda lank

-—

= ] A
Pum
Clarifier. L2
1 — —
Sand Bag Carbon L mp
Pump  fiter  fiters fiters Discharge Cooling lower
. sampling
ump tanks
l Sludge V nolch tank

fanks

T To outfall
Inert filter cake to landfill

Nominal annual capacity: 35 000 tonnes
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Vysokoteplotni spalovaci procesy

Spalovani odpadi je metoda dostupna v primyslovém méfitku, o
jejim provozovani je dostatek znalosti a informaci, jenz je
schopna sniZovat skodlivost fady chemickych latek.

Z.akladni charakteristika:

% Likvidace tuhych, kapalnych a polokapalnych odpadi, jenz
nemohou byt skladkovany nebo zpracovany chemiky Ci
fyzikalné bez Skodlivych vlivili na prostfedi, vzhledem k jejich
sloZeni a obsahu nerozlozZitelnych latek,

Y%  Minimalizace potencialniho nebezpeci a obsahu Skodlivych
latek v odpadech, zvlasté rozkladem organickych latek,

% Podstatna redukce objemu a vahy,

% VyuZiti energetického obsahu odpadii.

Research Centre for Environmental Chemistry and Ecotoxicology

http:/ /recetox.muni.cz



Spalovaci technologie — spalovha NO
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Spalovaci technologie — spalovha NO
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Piiklad zafizeni na Cisténi spalin
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BAT — vSeobecné pro spalovaci technologie

% Design pece zavisi na charakteru spalovaného odpadu.

%  Teplota je udrZovana v plynné fazi spalovaci zony v
optimalnim rozmezi pro kompletni oxidaci odpadu.

% Poskytnout dostateCnou dobu zdrZeni (napf. 2s) a
turbulentni miseni ve spalovaci komofe pro uplné spalovani.

% Ptfedehfaty primarni a sekundarni vzduch napomaha
spalovani.

Research Centre for Environmental Chemistry and Ecotoxicology
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BAT — vseobecné pro spalovaci technologie

% Pouziti kontinualnich systému spiSe neZ vsadkovy systém
kterych se snaze minimalizuje vliv najiZzdécich a
odstavovacich dob.

% Vyuzit systému pro monitoring kritickych parametri
spalovani vCetné rychlosti rostu a teploty, tlaku kapek a
mnozstvi CO, CO,, O,.

% Provadéni kontrol adjustace pfivodu odpadii, rychlosti rostu,
teploty, objemu a distribuce primarniho a sekundarniho
vzduchu.

% Instalace automatickych pomocnych hofaka pro udrzeni
optimalnich teplot ve spalovaci komofte(ach).

Research Centre for Environmental Chemistry and Ecotoxicology
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BAT - pro spalovny NO

% Rotacni pece jsou velmi dobfe odzkouseny pro spalovani
nebezpecnych odpadi mohou byt vyuZity pro zpracovani
tuhych, pastovitych i kapalnych odpadii.

% Vodou chlazené pece mohou byt provozovany za vysokych
teplot a vyuZity pro odpady s vysokym energetickym
obsahem.

% Konsistence odpadi (a spalovani) muZe byt zlepsena
rozfezanim barela a dalSi zabaleného odpadniho materiala.

% Systém pro pravidelny pfisun odpada, napf. Sroubovy
(Snekovy) dopravnik drti odpad a zajiSt’uje pfisun
konstantniho mnoZstvi tuhého NO do pece.

Research Centre for Environmental Chemistry and Ecotoxicology
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Rotacni pec spalovhy NO

Secondary
- Combustion
Combustion Chamber
Air
Waste Liguids
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To Baghouse

Air
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2 500°C
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Vznik a rozklad PCDDs/Fs

Rychlost rozkladu
|
|
|
|
) ]
2 RXAAL !
‘2 ° Oq /
= o o} /
g\‘ o. .. / —
= . o _ — - Rychlost vzniku
\E :. _ - );. //
7 7 !
] s 7 . !
Q) .. / o. /
m ‘;. / ., /

Research Centre for Environmental Chemistry and Ecotoxicology

http:/ /recetox.muni.cz



Tank pro
kapalné odpady

Bunkr na tuhé a
kalové odpady

Vymeénik tepla

Vyroba pary

Elektrostaticky
odlucovac pro
zachyt popilku

Rukavovy filtr
pro

odstratfiovani
POPs

SCR Systém
pI'O

odstranovani
NOx a POPs

Dodavka tuhych Rotaéni pec a Rozpragovaci MOk‘}‘: Pfdi{y 1;“) Rekuperaéni
nebezpecnych dopalovaci vysouSeci komora zac y; ):s ye vyménik tepla pro
odpadu komora pro odpafovani plynu znovu-ohfivani
odpadni vody plynt

POPs destrukcéni ucin

pece zavisi na:

G

S
S
S

ucinného stupné pro zachyt POPs

Teplota spalovani v rotaéni peci = 1000 °C
Teplota v sekundarni spalovaci komote = 1200 °C

Obsah O, 2

Vicestupriovy Cistici systém vCetné vysoce

nost spaloven vyuZivajici rotacni

6 % obj. (typicky ~ 10 Yvol.)

| Ucinnost spalovacich technologii
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Rotary Kiln Units:
Capacity Per Unit:
Afterburner Temperature:

Final Product:

Residue:

Start of Operation:

| Input Limitation:

Waste-POPs Type Accepted:

Pretreatment Requirements:

6t/h

1100 - 1200 °C
Electricity,
Steam
Vitrified Slag
1993

Liquid, Sludge
and Solid
Waste-POPs
none

no explosives

http:/ /recetox.muni.cz
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SPOVO Ostrava
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SPOVO Ostrava
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Cementarenské pece

% Cementarenské pece jsou vhodnym zafizenim Siroce
vyuzivanym pro likvidaci kapalnych odpadii s obsahem
PCBs.

% Kapalné odpady s obsahem jsou vnaseny do cementarenské
pece spolu s palivem, béZné pouzivana paliva (oleje, mazut)
jsou tak CasteCné nahrazovana kapalnymi odpady, jenzZ Casto
mayji vysoky energeticky obsah a byvaji vyuZivany
provozovateli jako lacinéjsi zdroj energie pro vlastni
cementarensky proces.
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Cementarenské pece

% Provozni podminky toho spolu-spalovani odpadu je nutné
pfisné sledovat — cementarny nejsou primarni zafizeni pro
likvidaci odpadu (sledovani obsahtt PCDDs/Fs a a dalSich
POPs, HMs).

% Schopnost cementarenskych peci likvidovat PCBs nebo
jakoukoliv smés chlorovanych latek zavisi na obsahu chloru
v likvidovaném materialu, vysoce chlorované materialy
mohou zpusobovat problémy, stejné tak jako vysoce
koncentrované — v CR — spalovani vyjetych motorovych
odpadu s limitovanym obsahem PCBs.
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Cementarenské pece

i ‘__

Jsou cementarenské pece

5327 schopné rozloZit
S evratné POPs v souladu
s pozadavky SC ?
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Co to je ,,ne-spalovaci technologie?

% Rozklad latek v nepfitomnosti kysliku
%  Rozklad neprobiha v plameni

%  Rozklad probiha za teplot niZSich neZ jsou pfi spalovani
nebo plazmové technologie

Research Centre for Environmental Chemistry and Ecotoxicology
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Chemicka redukce PCBs v plynné fazi (GPCR)

s

Q Methan

L

Chlorovodik

Polychlorované bifenyly
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Chemicka redukce PeCP a HCB v plynné fazi (GPCR)

‘/ Voda
Methan
Chlorovodik

Pentachlorfenol

Methan
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Gas-Phase Chemical Reduction — Eco Logic Process

Thermal Reduction Batch Processor (TRBP

PSP A
. Fuel
Liquid LWPS
e W GPCR G Product
Soil/Sediment/Sludge TORBED - 0 =0 L > as e sl Gas
Reactor Scrubbing S
Bulk Solids ---»[ 3.0 > SOLEE
Treated Solids Water

%  Accommodates bulk solids such as l
electrical equipment, drummed
material, concrete, wood pallets,
etc.

Y% Desorbs organics from solids:
- material is loaded in L
- oxygen is purged from -
vessel
- heated in presence of
hydrogen to appx. 600°C
% One full-scale TRBP treats up to 75

m_t_._,._..
-

tonnes petr month (can be doubled 35 e
. i Bl N
to 150 tonnes per month with ¥ !
‘-..-. aVa¥ataVa ..! 1 £
Lre : — -
Research Centre folg G W
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3 esearch Centre fof ) A : ! W i 3 -
=
Sl http: Full-Scale TRBP at Kwinana, Western Australia



Plasmové techologie

Tyto technologie pozivaji k destrukci toxickych odpadi

plasmového oblouku, ktery dosahuje extrémné vysokych
teplot (kolem 10 000 °C).

Odpadem z tohoto procesu jsou: plynné slozky jako H,, CO,
kyselé plyny a ztavené popeloviny v pracce (skruberu).

Vyhodou tohoto postupu je, Ze jsou rozloZeny i Zaruvzdorné
slouCeniny, zafizeni miZe byt konstruovano jako pfenosné a
trvani procesu je kratké.
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a dechlorace v alkalickem prostredi

Catalysed Dechlorination)

Spociva v tepelné destrukci halogenovanych alifatickych a
aromatickych organickych latek pomoci sloucenin
alkalickych kovi nebo kovu Ziravych zemin (napf. NaHCO,,
KOH, NaOH).

Kontaminované materialy mohou byt ve vodném i organickém
prostiedi, pficemzZ destruktivni proces probiha aZ po
odvodnéni reakéniho systému.

Research Centre for Environmental Chemistry and Ecotoxicology

http:/ /recetox.muni.cz



atalyticka dechlorace v alkalickem prostredi

Catalysed Dechlorination)

Destrukeni proces probiha za pfedpokladu, Ze v systému je
pfitomen donor vodiku (napf. primyslovy tekuty parafin),
katalyzator a zdroj uhliku.

Reakc¢ni doba je uvadéna v rozmezi 0,5 - 3 h, pfi teplotach 200 -
400 °C v tlakovém reaktoru.

Tlakova destrukce POP latek probiha i v pfitomnosti hydroxidu
vapenatého pfi 100 - 300 °C

RCI + NaOH + [H] = RH + NaCl + H20
(katalyzator, T = > 320°C, dusikova atmosféra)
[H] — donor vodiku

Research Centre for Environmental Chemistry and Ecotoxicology
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Aplikace BCD technologie v CR

Projekt dekontaminace - Spolana a.s. Neratovice

\
Ny——
F |

/A
(" BCD CZ a.s.

)
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History of the contamination

The Spolana chemical site is a large chemical complex based on
chlorine chemistry.

During the 1960s, the production unit called PCP
(pentachlorophenol) produced insecticides and herbicides.

Due to the increase of serious illness among the workers, this
unit was shut down in 1968.

A number of risk analyses and feasibility studies have proven the
existence of the most dangerous dioxin (2,3,7,8
tetrachlordibenzo-para-dioxin), produced as a by- product by
this unit.

Others risk analyses and studies have confirmed the extremely
high level of contamination and classified this area as old
environmental burden.
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Research Centre for Environmental Chemistry and Ecotoxicology

http:/ /recetox.muni.cz




Obsah budov — chemické odpady
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Content of Buildings

Stored chemical waste (130 tonnes in ISO Containers)
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Decontamination/Demolition

REINFORCED PLASTIC

FIBRIC
\ BUILDING Al1420

GALVANIZED STEEL SHEETING

LIGHT PLASTIC SHEETING
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Decontamination/Demolition

Under pressure air system
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Decontamination process

BOBCAT 773

Research Centre for Environmental Chemistry and Ecotoxicology

http:/ /recetox.muni.cz



Demolition of Buildings
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Estimated Quantity of Materials

Waste Description Tonnes
Contaminated soil 23 115
Building rubble 8 928
Miscellaneous chemicals 161
Timber /cloth 52
Dry dust 50
Steel 3053
Glass 13
Plastic 50
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Logistics and Pre-Treatment
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I'TD Facility, Herne, Germany
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Indirect Thermal Desorption (ITD)

&

Indirect desorption under an inert atmosphere

Desorbed contaminants are condensed and recovered for
BCD Treatment

% Soil, concrete, and brick

% Shredded timber/textile blended into soil and treated by the
ITD

5
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Metal Parts Furnace

Technology used for steel parts contaminated with chemical

warfare agents

Multiple units in operation by the US Army
Contaminants desorbed and condensed for treatment by

BCD
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10 m® Reactor, Mexico
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BCD Applications

Olympic Site, Australia

BCD Project, US Navy, Guam
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Pilot Plant, Spolana Neratovice

Pilot Plant Erection, Spolana Tent Housing, Spolana
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Focus of the project

"‘r

U

Decontamination and Dissemble and Treatment of
demolition of 2 treatment of the chemicals stored
buildings A1420 a process unit = 3 000 closed to buildings =
A1030 = 9 000 tonnes tonnes of metal 160 tonnes

Excavation and treatment of surroundings soils of A1420 a
A1030 = 23 000 tones

Backfill and final restoration
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Spolana Neratovice

_ PROJEKT SPOLANA DIOXINY Tz

S\WCE

BCDCZas.

(2]

&

@%ﬁf@%

POPIS SCHEMA — SCHEME DESCRIPTION

A B Cc D E
Nejrizikovéjsi z6na Preddprava smésného stavebniho Provoz sanatnich technologil. Standardni pracovni prostiedi Shromazdisté validovaného stavebniho
DemontaZ provozniho zafizeni, demolice budovy, odpadu, tfidéni, drceni a dprava odpadi Dogasné umisténi zpracovaneho odpadu smésného odpadu pred vyuZitim
odtéZeni kontaminované zeminy. Operation of wasfe treatment equipment. pred jeho wyuZitim. k zpétnému zasypu
Pre-treatment of mixed conslruction waste,

Area of highest contamination sorting, crushing, screening and blending Temporary storage of decontaminated Stoekpite of treated material prior
Decontamination and demolition of buildings and material while awaiting analytical to its re-use
former chemical plant. and excavation of verification.
contaminated soil.

1. Stavebni stroje a mechanismy k demontai a demolici sanovanych objekta 1. Construction machinery used for excavation and the decontamination and demaolition

2. Stroje a zafizeni k pfedipravé smésného stavebniho odpadu of buildings and process plant.

3. Dekontaminaéni linka pracovnik( 2, Pre-treatment equipment

4. Dekentaminacni linka techniky, strojl a zafizeni 3. Station for the decontamination of personnel Bﬂn cz a.s.

5. MPF - sanaéni technologie k dekontaminaci kovového odpadu 4. Control room and station for the decontamination of mobile equipment.

6. ITD — sanaéni technologie, nepfima termicka desorpee (smés. stav. odpady) 5. MPF - remediation technology for decontamination of mefal waste

7. APS — provozni soubor k &iténi plynnych fazi pfed vypusténim do atmosfér 8. ITD - remediation technology. indirect thermal desorplion (mixed construction waste)

8. BCD - sanatni technologie, zasadita katalycka destrukce chlor. slougenin 7. APS - operating set for treating gaseous phases prior to discharge into the atmosphere BCD CZ o

9. Stavebni stroje k transporty zpracovaného dekontaminovaného odpadu 8. BCD - remediation technology, hase catalysed decomposition of chlorinated compounds Francouzska 4/75
10. SCOV — Specialni gistirna odpadnich vod 9. Construction machinery for transportation of the decontaminated waste processed 120 D,D Prah§ 2
11. NAS — wzduchotechnika, podtlakovy ventilace 10. SWWTP - Special wastewater treatment plant Ceska republika

11. NAS - Ventilation and filtration system for maintaining negative pressure inside Tel: +420 222 822 611
the enclosures and process hail. e-mail: info@bedez.cz

& Viochna préva vyhrazena. Z4dnd st ohoto matenalu nesmi byt reprodukovéng a pouslvana v elsktronické podobt, kopirevana a nahréwana bez predchoziho soublasy firmy BCD CZ, a.s.
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Ptiprava chemikalii (chemickych odpadi)

Uvnitf A 1420
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Jednotka MPF

TN m
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Jednotka I'TD
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Jednotka APS
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Jednotka BCD
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Podtlakovy systém (INAS)
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uroven A - uroven C - porovnani
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