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CHEMIE ZIVOTNIHO PROSTREDI II

Chemie technosféry a atmosféry
(I1_02)
Technosféra - Zdroje chemickych latek

Ivan Holoubek

RECETOX, Masaryk University, Brno, CR

holoubek@recetox.muni.cz; http://recetox.muni.cz




Chemické latky
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Chemické latky a my

Research Centre for Toxic Compounds in the Environment
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Chemické latky

Chemické latky

Y%  Anorganické
% Organické

Anorganické
Kovy

Polokovy
Nekovy
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Jejich slouceniny
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Chemické latky

Organické

%  Uhlovodiky
Y% Derivaty uhlovodiku
% Organokovové slouCeniny

Research Centre for Toxic Compounds in the Environment
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Stabilita chemickych latek

Chemické latky dle stability/reaktivity
Definice stability a reaktivity

Doba setrvani v prostfedi vs. travel distance
Cim stabiln&jsi tim delsi TD

Definovat potencial k DT

Research Centre for Toxic Compounds in the Environment
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Stabilita chemickych latek

Zavisi na fyzikalné-chemickych vlastnostech

Stabilita
% Nedegradabilni
Y% Degradabilni — obtiZné — persistentni
%  Snadno rozloZitelné (biologicky snadno rozloZitelné —
problém ve vodach — v komentafi k tomuto déleni)
% NeteCné plyny
Reaktivita
% Nereaktivni

ktivni

Research Centre for Toxic Compounds in the Environment
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Stabilita chemickych latek

RozloZitelné — dle doby Zivota

Definice dle SC

Research Centre for Toxic Compounds in the Environment 8
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Chemické latky v prostredi

Y% Esencialni, nezbytné pro rizné Zivotni procesy (vitaminy,
aminokyseliny, biogenni prvky)

Y% Bez zjevnych Skodlivych ucinkua (argon, celul6za) nebo jsou
snadno nahraditelné jinymi (aminokyseliny, cukry)

% S nezadoucimi, negativnhimi vlivy pro nékteré nebo vSechny
formy Zivota (téZké kovy — Hg, Pb, Cd, PCDDs/Fs, PCBs..)

’ o““\em Rese% . . .
. ()5 Research Centre for Toxic Compounds in the Environment
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Environmental pollution (> 125 000 000)
I

Few distinct chemicals at
higher concentrations //
A Iéobal inventory
and regulation
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The Chemical Universe

The KNOWN UNIVERSE of chemicals — more than 56 millions of
chemical compounds

The Universe of POTENCIAL chemicals
- existed and identified compounds
- existed and not been identified yet

- compounds which could be possibly synthesized and added to a
seemingly limitless,

ever expanding chemical universe?
10% compounds (30 atoms just C, N, O, or S)

- expanding to other heteroatoms (e.g., P a halogens), the number of
possible structures

defies our imagination

-chemical space -

The POTENCIAL CI i cal Uns

()’ Research Centre for Toxic Compounds in the Environment
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The Chemical Universe

KNOWNN CHEMICAL UNIVERSE
more than 56 millions chemical compounds (org. + inorg.)

more than 62 million sequences

indexed in CAS Registry
ca 12 000 compounds !!! daily
COMMERCIALLY AVAILABLE chemicals - ca 14 millions
ca 250 000 chemicals were regulated worldwide
only ca - 1.8 % from commercially available compounds

less than - 0.5 % of the known universe of chemicals

The KNOWN CI ol Uni

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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Chemické latky v prostfedi

& &

& & & &

Primyslové chemikalie
Zemédélské chemikalie

Polutanty globalniho dopadu — CFCs, POPs, tézké kovy,
radionuklidy, Castice

Farmaceutika a prostfedky osobni péce
Latky modulujici endokrinni systém
Metabolity, degradacni produkty

Castice, nanocastice

ont Res,
o(\“\ %"(‘ . . .
. ()6 Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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Vyskyt chemickych latek v environmentalnich

fazich
Atmosféra
Y% plynna faze
% sorbované na tuhych Casticich
%  kapalna faze (mokra atmosférické depozice)
%  snih, led

\\IeRs,r O‘\Nent Resf’e,.o . . )
f S/~ Research Centre for Toxic Compounds in the Environment 14
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Zdroje znecCiSténi atmosféry

Pfirodni

Horniny a pudy Tézké kovy — Cd, Mn, Hg
Vegetace Se, Zn
Baziny H,S, VOCs
Vulkanicka ¢innost Teézké kovy
Pozary (lesni, prérijni..) PAHs, kovy

Antropogenni
Chemicka vyroba Kovy, OCs, pesticidy
Doprava HCs, PAHs, hetero-PAHs
Likvidace odpadui Kovy, organokovy, OCs
Spalovaci procesy Kovy, PAHs, PCCs

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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ZneciSténi atmosféry

pa

Lokalni — Regionalni — Globalni —
srovnani s NPK zmény globalni
ekosystému zmeény

Emise, imise, transport

Emisni, imisni limity — dlouhodobé, kratkodobé
Intenzita zdroje — hmotnostni tok [g.hl, kg.h"]

Mérna emise — zatiZeni uréité oblasti [g.m™2.d", t.km=2.r]
Stfedni doba setrvani

Research Centre for Toxic Compounds in the Environment 16
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Zdroje znecCiSténi atmosféry

radiation 1s taken up

ssssmmeed) | NEW compounds

aerosols
precipitate as gases
dust particles
Traffic lndﬁstry Community

Figure 2.3.1 Sources of air pollution

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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OhroZeni globalni atmosféry

%  Pevné Castice
% Emise siry |
Primary natural
% Emlse NOX 5 Primary anthropogenic o quast-natura
r £ and secondary
% Ozon 5
4 r b4 1 4 r g
Y% Tékavé organické latky a
-]
% Kyselé desté =
%  Emise oxidu uhlicCitého
Al
IJI.1 1'Il
Sources of Atmospheric Sulfur Diameter, um
O Biological L
Decay—Land Pevné cCastice
| Biological
Decay--Oceans
O Sea Spray
O Anthropogenic
W volcanic Activi . ’
Yl Emise siry
5\\, " ()’ Research Centre for Toxic Compounds in the Environment 18
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Parts per billion by volume

Parts per billion by volume

Parts per million by volume

S J et
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Antropogenni vlivy

Soucasné trendy

nds in the Environment
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Toky polutanti ze spalovani odpadu

exha%‘éﬁscs (SO2, NO, HCl, HF, CO), CnHm,

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

j‘ | =y | s

combustion chambcrg steam boiler H electrofilter H flue gas scrubber

¥ ¥ ¥ ¥

slag fly ash filter dust flue gas
34 cleaning products
road construction with slag -
. ¥ ¥3
leaching of dioxins, furans, ,
heavy metals heavy metals underground deposits

Figure 2.4.3 Pollutant flows during waste incineration

Research Centre for Toxic Compounds in the Environment
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Emise, transport a depozice acidifikujicich

O
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Bergin MS, et al. 2005.

Annu. Rev. Environ. Resour. 30:1-37
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’ o“‘“em Rese% . . .
. () Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

21



Smogy

CHARAKTERISTIKY

KILLASICKY

FOTOCHEMICKY

Misto prvniho vyskytu

Londyn

Los Angeles

Zikladni komponenty

SO_, tuhé Castice

O,, NO_, HCs, CO,
volné radikaly

Ziakladni zdroje Primyslové a domaci Automobilova doprava
spalovani fosilnich paliv (benzin, nafta)
(uhli, nafta)

Vlivy na clovéka Drazdéni hornich a Oc¢ni iritant

dolnich cest dychacich

Vlivy na chemické latky

Redukéni

Oxidacni

Cas vyskytu nejhorsich
epizod

Zimni mésice, zvlasté

¢asné rano (0 - 5 °C)

Okolo poledne v letnich
mésicich (25 - 30 °C)

http:/ /recetox.muni.cz
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Fotochemicky smog — Los Angeles

Research Centre for Toxic Compounds in the Environment
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Vyskyt chemickych latek v environmentalnich

fazich
Hydrosféra
Y% rozpusténé latky (pravy roztok)
% nerozpuSténé latky (koloidy — sraZeniny — splachy
z bfehovych partii — OV — atmosféricka depozice)
% suspendované sedimenty
%  dnové sedimenty
fde‘ﬁi’«ﬁg E)’ Research Centre for Toxic Compounds in the Environment 24
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Antropogenni ovlivhéni hydrologického cyklu

volatilisation volatilisation from
from ocean . l Earth’s surface
360 mm &‘ *" e 443 mm l
average precipitation —
803 mm per year volatilisstion 318 mm rI“l nS‘

J279mm 1oloz| 311 mm

TG

cooling water
for cleclqcny sewage
production treatment

use (volatilisation)

railways and
agriculture

t s
\mew««- M

Figure 3.1.9 Water cycle with anthropogenic influences

Research Centre for Toxic Compounds in the Environment
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Antropogenni znecisténi vod

Urban runoff (paved)
surfaces as in malls,
roads, etc.

Farm runoff

Water (lake, stream,
coastline)

Leachate from, e.g., dump can
contaminate surface water or
groundwater

Point-source pollution (much
reduced in
industrialized countries

Research Centre for Toxic Compounds in the Environment
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Znecisténi povrchovych vod

Primarni:
% Inertni materialy (ptada, kaolin..)
% Organické latky:
- pfirozené - huminové latky, splasky...
- antropogenni - ropné latky, fenoly, pesticidy, detergenty..
Y% Anorganickeé latky:
- zvysujici solnost a korozivnost (NaCl, CaCl,)
- zpusobujici sekundarni znedisténi (PO, NO;)
- ménici pH vody (NH;, kyseliny)
- toxické (toxické kovy..)
Bakterialni - patogenni organismy
% Tepelné - zvySeni T - pokles koncentrace kysliku - urychleni
rozkladu organickych latek
%  Radioaktivni

@

’ o“‘“em Rese% . . .
. () Research Centre for Toxic Compounds in the Environment 27

http:/ /recetox.muni.cz



Povrchové vody — znecisténi - kovy

Antropogenni zdroje odpadnich vod z:

téZby a zpracovani rud, z huti,
valcoven,

povrchové upravy kovi,
fotografického prumyslu,
textilniho pramyslu,
kozZedélného pramyslu,
koroznich procesi,
vyluhovani kalovych deponii,
anorganickych pesticidi,
atmosférické depozice.

& & & & & EEEE

& 6'9»(‘ . . .
()’ Research Centre for Toxic Compounds in the Environment
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Ropné znecisténi

Uhlovodiky (RH, HCs), ropné latky

Ropné latky - uhlovodiky vSech typua, nepolarni i polarni latky;
produkty zpracovani ropy, benziny, oleje, nafta.

Problémy:

téZba

preprava

zpracovani

pouZziti

odpady

havarie na tocich 1 podzemnich vodach
technické zavady

2
3]

A 2
Sg
z
»

)

%

2, 4
Yensist®

Y,

NSYAL.
3

HE & & & & & & &

chyby obsluhy

()’ Research Centre for Toxic Compounds in the Environment
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Znecisténi povrchovych vod

Sekundarni:

% eutrofizace vod - nadmérny rozvoj nékterych organismu
vyvolany pfisunem Zivin

() Research Centre for Toxic Compounds in the Environment

Mot http:/ /recetox.muni.cz

30




o 1 ¢
H‘!

Nepfim

¢ vlivy chemickych Tatek v prostredi -
eutrofizace

priploglunels

utnients IN, P, S’
ha

Sediments, &
organic carbon

muienol wurmvr sur‘loco
Hux

Heglthy benthic community
(worms, snails, bivalves,

crusiaceans)

organic mut er de;omposed upwelled

& oxyaen consunved nutrients
& oxygen

(574
unquariited)

Research Centre for Toxic Compounds in the Environment
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Povrchové vody — znecisténi — eutrofizace

| Erosion from
| croplands

Leaching of fertilizer
| applied to crops

_b Runoff from
| animal feedlots,
dairy barns, and so on

URBAN/SUBURBAN
RUNOFF

Erosion from
lawns and gardens

Leaching of fertilizer
applied to lawns
and gardens

Runoff of pet
droppings

Discharge from
centralized sewage-
treatment plants

Use of detergents
containing phosphate

Seepage from
individual
septic systems

http:/ /recetox.muni.cz
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Nepfimé vlivy chemickych Tatek v prostredi -
eutrofizace

COOH
" Microcystin-LR
HNZ N,
Research Centre for Toxic Compounds in the Environment 33
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Vyskyt chemickych latek v environmentalnich
fazich

Pedosféra
%  sorbované na pudni Castice
% rozpusténé v pidni vodé

% obsazZené v piidnim plynu

Biosféra

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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Zne&isténi pad

Agrochemikalie:

Herbicidy (2,4-D; 2,4,5-T)
Insekticidy (DDT, HCB)
Fungicidy (Cu, Zn, Hg..)
Akaricidy

Hnojiva (Cd, U z fosforeCnanu)

& EEEE

Likvidace odpadu:

Zemédélské (kovy, pesticidy)

Kaly z COV (kovy, PAHs, PCBs, PCDDs/Fs)
Komunalni

Dulni (kovy)

Popilky

Research Centre for Toxic Compounds in the Environment
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Znecisténi pud

Pramyslové zdroje:

Y% plynarny
Y% chemicky primysl

Nehody:

koroze kovovych konstrukci
osetfovani dfeva

uniky podzemnich skladovacich tanku
sportovni aktivity

& & & & &

valeCné akce

00 & . . .
() Research Centre for Toxic Compounds in the Environment

Dt http:/ /recetox.muni.cz
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Zne&isténi pad

Vlivy pudni kontaminace:

Y% pfima konzumace kontaminované pudy

@

inhalace prachu a tékavych latek z kontaminovanych puad

&

pfijem rostlinami a nasledna kontaminace potravnich
fetézctl
fytotoxicita

likvidace kontaminovanych budov a zafizeni

pozZary a vybuchy

& & & &

kontaminace vody

00\1\2 © . . ]
() Research Centre for Toxic Compounds in the Environment
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Zemédélstvi

Chemizace zemédélstvi

Pouziti
prumyslovych
hnojiv

Pouziti chemickych
prostfedkd na ochranu
rostlin - pesticidy

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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Z.emédélstvi

Pouziti primyslovych hnojiv a jejich vliv na prostfedi:
Biogenni prvky:

%  makrobiogenni - C, H, O, N, P, K| S, Ca, Mg, Fe (Na, Si)
%  mikrobiogenni - stopové - B, Mn, Zn, Cu

Pfijem:

C, H, O - bez problému

N - jen nékteré rostliny pfimo (lusténiny), dalsi N - NH,,
N - NO,

P - rostlinné bilkoviny, tuky, NK; spolu s K, Ca, Mg, Fe, S - souCast nerosti —
zvétravani hornin — uvolnéni — roztoky mineralnich rozpustnych soli
— vstfebavani rostlinami + NH,*, NO; - z odumfelych organism,
popft. po pusobeni nitrifikacnich

()’ Research Centre for Toxic Compounds in the Environment 39
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Z.emédélstvi

Mnozstvi Zivin uvolnénych pfirozenou cestou - pfi dnesnim
zpusobu intenzivniho hospodafeni - nedostatecné

PouZiti hnojiv - dodani chybéjicich Zivin - udrZeni arodnosti poli,
vzrust rostlinné produkce

Pfirodni hnojiva - mala koncentrace NPK, nespravny pomét,
vedou vsak k tvorbé humusu

Primyslova hnojiva - mineralni soli, pramyslova produkce

Research Centre for Toxic Compounds in the Environment 40
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Z.emédélstvi

Vliv hnojeni na prostfedi:

% vzduch - vyroba, transport, aplikace
%  voda - OV z vyroby a pouZiti, splachy z poli

Transport z ptdy do vody:

L rozpustnost - ¢im je vétsi, tim je transport Zivin rychlejsi a
snazsi

Y% sorpcCni vlastnosti Zivin
% vytéstiovani - nahrada jinymi ionty, vliv CO, (Ca, Mg)
% sniZeni migrace - se vzrustajici hloubkou orni¢niho profilu,

sniZeni prasaku atmosférickych srazek, niZsi mikrobialni
cinnost

Povrchovy splach Zivin (N, P) - eutrofizace jezet, rybniki,

vodnich nadrzi, pomalu tekoucich fek.
() Research Centre for Toxic Compounds in the Environment 41
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Zemédélstvi

Perspektivy:
vyroba hnojiv v optimalnich aplika¢nich formach:

Y% kapalna forma - aplikace postfikem (hnojeni na list)
Y% vyroba granuli - uc€inna latka vazana na inertni nosic

Research Centre for Toxic Compounds in the Environment 42
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Chemicka ochrana rostlin

Vyznamny faktor intenzifikace zemédélské vyroby

CIL: ochrana kulturnich rostlin a zasob potravin a materialt
proti rostlinnyma Zivo€iSnym skidctiim a ochrana zdravi
rostlin, zvifat a lidi proti pfenasectim chorob a parazitiim -
pesticidy

Z 800 000 existujicich druhti hmyzu asi 10 000 zpisobuje

vyznamné ekonomické ztraty, z 30 000 plevelnych rostlin, 1
800 vazné ohroZuje produkci obili.

VYZNAM:

% pro produkci potravin
Y% sniZeni vyskytu epidemii

ont Res,
o‘\“\ %"c . . .
()’ Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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Chemicka ochrana rostlin

PESTICIDY: latky nebo smési latek vyrabéné pro prevenci,
likvidaci, pfitahovani, postfiky a kontrolu jakéhokoliv hmyzu
a nepotfebnych druhu rostlin nebo zvifat béhem produkce,
skladovani, transportu, distribuce a zpracovani potravin,
zemédélskych komodit nebo zvifecich krmiv nebo které
mohou byt pouZity u zvifat pro kontrolu ektoparaziti.

Pojem zahrnuje je pouZiti jako rostlinné regulatory, defolianty,
inhibitory ristu a latky aplikované na potraviny pfed a po
transportu.

’ O(\mef“ Res@"fo . . .
. () Research Centre for Toxic Compounds in the Environment
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Chemicka ochrana rostlin

Zpusob aplikace:

postfiky:

roztoky (vodné, organicka rozpoustédla)

disperze (emulgované nebo dispergované koncentraty)
aerosoly

poprase

granule

navnady

E E & FEFEEEE

soucCast pramyslovych hnojiv

() Research Centre for Toxic Compounds in the Environment
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Chemicka ochrana rostlin

RIZIKA:

% toxicita pesticida pro uziteCny hmyz, uZitkovy hmyz, ¢lovéka

% toxické degradacni produkty

% riziko biologické pfizptisobivosti - adaptace organismu -
rezistence skidcu vaci pesticidam - zvysovani davek -
zvysovani rezidui

% persistence v prostiedi - adsorpce ptidni organickou hmotou

- sniZeni pohyblivosti, biodostupnosti, sekundarni
kontaminace

()’ Research Centre for Toxic Compounds in the Environment 46
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Primarni/sekundarni polutanty

Primarni polutanty

%  Nebezpecné v pavodni podobé
Y% Latky primarné vstupujici do prostfedi z urcitych zdroji
(bodovych, plosnych, difuznich)

Sekundarni polutanty
Mohou byt nebezpelnéjsi neZ primarni.
V jednotlivych slozkach prostfedi vznikaji pfeménou latek

primarné emitovanych:

% Biologickymi procesy
emickymi reakcemi

Sz O‘\ﬁ\ef\ Gs@%‘ . . .
. ()’ Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Chemické latky

Podle pivodu:
% Pfirodni (ropné, pfirodné produkované..)
%  Antropogenni (vyrabéné/vedlejsi produkty; pramyslové
chemikalie, prostfedky ochrany rostlin, vybusniny, hoflaviny,
humanni a veterinarni 1éky, kosmetické prostfedky).

Velkotonazni/malotonazni produkce

Vyrazné kontaminované matrice — atmosférické Castice, kaly..

Research Centre for Toxic Compounds in the Environment 48
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Kovy vs. organické latky

Kovy vs. OCs
Anorganické - kovy, metaloidy, kovové slouCeniny

Organické (slou€eniny C) - organické slouceniny, organokovové
slouCeniny

Jedna z nejrizikovéjSich skupin zneciSt’ujicich ovzdusi i dalsi
slozky prostfedi vzhledem k jejich toxicité, event. genotoxicité
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Kovy

Periodicka tabulka — 115 prvkui
Vyskyt v pfirodé — 90, z nich kovii — 80
Polokovy, metaloidy — B, Si, Ge, As, Sb, Te
Nekovy -11-C, P, S, Se, Cl, Br, I...
Vzacné plyny...

Dominantni kov v zemské kuife — Al

Esencialni kovy:

Na, K Mg, Ca, V, Mn, Fe, Co, Ni, Cu, Zn, Mo a W

Research Centre for Toxic Compounds in the Environment
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Kovy vs. organické latky

T¢ézké kovy nemohou byt z prostfedi odstranény, ovlivhéna muizZe
byt pouze ta Cast environmentalniho mnozZstvi vazana na
antropogenni aktivity.

Kovy tedy ve srovnani se skupinou persistentnich organickych
polutantii schopnych bioakumulace, miZeme podobné
oznacit za za persistentni, nedegradabilni prvky s vysokym
bioakumulacnim potencialem.

00\1\9 %"c . . .
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Kovy vs. organické latky

Kovy jsou pfevazné iontové slouCeniny, vysoce polarni vazby,
vySsi koordinacni Cislo a vyssi variabilita oxidacnich stava
nez u OL.

Rozdily v chemickych vlastnostech AL a OL vedou k rozdilim
v jejich chovani v prostfedi pfedevsim pokud jde o
biodegradaci/persistenci a bioakumulaci/ bioobohacovani.

OL mohou byt persistentni.

Ale - kovy — mohou v prostfedi ménit oxidacni stav, ale ne svou
podstatu - jsou nedegradabilni.
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Kovy vs. organické latky

Neékteré OL — obtiZné rozloZitelné (persistentni OL) — rychlost
jejich degradace (abiotické nebo biotické) vyjadfena

poloCasem Zivota muzZe byt nizka, ale miZe po urCité dobé za

danych podminek vést k postupnému odbouravani latky.

Polocas Zivota nejde aplikovat u kovi — jsou nedegradabilni
(vyjimka — radionuklidy).

cf\“\e %’(‘ . . .
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Kovy

Existuji razné skaly nebezpecnosti kovil, vétsinou jako
nejnebezpecnéjsi environmentalni kontaminant se uvadi
rtut’:

Hg >>Cr~V>T1>Mo >>Cu>Co>Cd>Ni>>Pb >>4Zn

Formy vyskytu kovtl v prostfedi:

% volné kovy
%  jednoduché komplexy s anorganickymi ligandy (vodni
prostifedi)

% chelaty s vicevazebnymi organickymi ligandy (pfirodnimi,
antropogennimi)
sorbované na tuhé povrchy

o‘K“\e %’2‘, . . .
() Research Centre for Toxic Compounds in the Environment
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Organické slouceniny v prostfedi

Pfirodni Tcekave
Antropogenni Netékavé
c?é;’ﬁ Research Centre for Toxic Compounds in the Environment 55
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Kovy v prostredi

Vytékavani

s 3

Kovy ve vodné fazi

Povrchovy odtok

Pfijem rostl

e razeni v podobé
Komplexace/sorpce na mineralni : i

) kovovych soli
a organickou hmotu
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Zdroje kova

Tézba
Metalurgie

Splachy z méstskych aglomeracé (koroze, riizné produkty —
Cu, Pb, Zn, Cd, Ct, Fe, Mn, Hg...)

Textilni barviva
Vytoky ze skladek

Zemédélské splachy (ptdy, hnojiva, pesticidy — Hg, As, Ni,
Cu, Zn, Cd..)

ont Res,
o‘\“\ %’(‘ . . .
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Pfirodni archiv historie kontamince prostfedi (kovy,
Dr _ 4 b °*Vvw VW
P §

GLOBAL
METAL
POLLUTION

POISONING THE BIOSPHERE?

Dust Storm, Egypt

Asian Dust Episode
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Pfirodni zdroje prachu a kovu

L. _ Hawai
METAL
POLLUTION

POISONING THE BIOSPHERE?

Etna
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Koroze ve vodném prostredi

Vodni koroze kovu je elektrochemicka reakce, ktera zahrnuje typ
pfenosu elektronu, ktery je charakteristicky pro
elektrochemicky clanek.

Pro korozi kovi to zahrnuje oxidacni reakci (Casto pfi
rozpousténi kovu nebo vzniku oxidu) a redukcni reakcei
(redukci protonu nebo kysliku).

Korozni procesy mohou byt popsany jako dvé separatni reakce,
probihajici na dvou oddélenych mistech stejného povrhu
kovu.

Dvé reakce jsou spojeny za vzniku elektrochemického clanku.

Research Centre for Toxic Compounds in the Environment
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Rtut’ (Hg) — zdroje a vyuZiti

Pfirodni zdroje: ve formé sloucenin - vyvielé horniny,

sedimentované sulfidové mineraly, v elementarni formé
vzacne.

Antropogenni zdroje:

EEEEEEEEEE

nékteré fungicidy pouzZivané pfi vyrobé celuldzy a papiru
zpracovani chlorovanych uhlovodiki

destilace oleja a uhli

vyroba elektrickych kontakti

zemédélska mofidla

zpracovani rud

amalgamace

elektrochemicka vyroba

regulaCni technika

lékatstvi - aktivni sloZzka riiznych diuretik, antiseptik, koZnich 1écCiv,
zubnich amalgamu

laboratorni barviva
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Vyroba olova

Sheffield on a non-working day

same view, 24 h later...
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Organokovové sloucCeniny

VYSKYT V PROSTREDI:
Pfirodni ptivod — biomethylace v sedimentech
Antropogenni:

Organortut’naté — oSetfovani semen, fungicidy
Organoolovnaté — antidetonatory, fungicidy

Organoarsenicné — herbicidy, v 1ékafstvi

& & & &

Organokfemicité — chladiva, hydraulické kapaliny, maziva,
barvy

% OrganociniCité — moluskocidy

Research Centre for Toxic Compounds in the Environment
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Organo Hg slouceniny

Dimethylrtut’ — oSetfovani semen, fungicid
Diethylrtut’ — oSetfovani semen

Difenylrtut’ — osetfovani semen, fungicid, slimicid, vyroba
buniciny a papiru, barviva

Methoxyethylrtut’ - oSetfovani semen
RHgX — katalyzator — vyroba urethanu vinylacetatu

THIOMERSAL (ethyl Hg derivat) — antiseptikum

Research Centre for Toxic Compounds in the Environment
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Azbest

AZBEST - spolecny nazev pro skupinu pfirozené se vyskytujicich

vlaknitych minerala (serpentiny a amfiboly).

Jedna se o 6 pfirodnich silikata rdzného chemického sloZeni a
vlastnosti:

%  Chrysolit (bily azbest)
% 5 ambiboli:
- krocidolit (modry azbest)
amozit
tremolit
antofylit
- aktinolit

& es"o . . .
()’ Research Centre for Toxic Compounds in the Environment
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Azbest — zdroje

Prirodni: okoli téZebnich lokalit, pfirozené emise (malo udaji)

Antropogenni:

TeézZba a mleti,
Produkce azbestovych vyrobkii,
Stavebni Cinnost,

Doprava a pouZzivani vyrobkit obsahujicich azbest,
Skladky odpadau.

& EFEEE

Azbest je obsazen v téméf 3 000 vyrobcich (brzdové obloZeni..).

Azbestovy aerosol v atmosféfe vznika mobilizaci azbestu z
povrchu dalnic, pudy a dalnich skladek azbestu do ovzdusi
pusobenim vétru.

O(\v\e Sor, . . .
()6 Research Centre for Toxic Compounds in the Environment
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Z.droje, historie a pouZziti chloru

God created 90 elements, man round 17, but Devil only 1 - chlorine

Research Centre for Toxic Compounds in the Environment
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Pfirodni zdroje organochlorovych latek (OCs)

%  Rasy, houby, bakterie a dal$i organismy produkuji OCs
pfirodni povahy (ug.kg') — znamo pifes 1500 latek

% Neékteré pfirodni OCs jsou produkovany ve velké mife
(chlormethany, chlorované huminové kyseliny, chlorfenoly),

bez znamek akumulace v prostfedi
% Vznik ¢innosti haloperoxidazovych enzymu

Y% Pfirozeny vznik PCDDs, PCDFs mozZny; nejistota u PCBs

Research Centre for Toxic Compounds in the Environment
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Historie a vyuZiti chloru

%,  Slouceniny chléru se vyuzZivaji déle neZ pismo

% Dnes se ma 4 hlavni aplikace:
1. Silny oxidant
2. Syntéza organickych latek
3. Meziprodukt vyroby nechlorovanych org. latek

4. Produkce anorganickych latek

00 & . . .
() Research Centre for Toxic Compounds in the Environment
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Historie chloru

1774 — Karl Scheele izoloval Cl, plyn

1785 — v kombinaci s KOH jako bélidlo

1826 — chlorova voda porazi horecku omladnic
1847 — chloroform uspava (anestezie)

Konec 19. stoleti — vyroba chloru elektrolyzou
1896-7 — desinfekce vody (tyfové epidemie)

tychly narast produkce do 70. let 20. stoleti

Research Centre for Toxic Compounds in the Environment
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Historie chloru — 20. stoleti — stoleti chloru ??

?

%, Startuje na béleni papiru a sanitaci
% 20-30. 1éta rozpoustédla, VCM, PCBs, silikon...
% Rychly narist po 2. svétove valce

% 1960-70 odhaleny ucinky chlorovanych PBT = zakaz PCB,
DDT, dieldrin, mirex, toxaphene ...

Y% 1987 Montrealsky protokol — zakaz CFC

Research Centre for Toxic Compounds in the Environment
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Vyroba chloru (plyn)

%V pfirodé v tfisti mofskych vin

% Lidé (28 milionua tun) — vyroba elekrolyzou soli

2 NaCl + 2H,0 — 2NaOH + Cl, + H,

Zpusoby vyroby:
1. Amalgamovy
2. Membranovy
3. Diafragmovy

]
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Oxidacni schopnosti chloru

Y% Pfi vyrobé celuldzy a papiru

Pfi chlorovém béleni jsou rozbity aromatické kruhy v ligninu pfi¢emz vznika
mnoho karboxylovych skupin.

Zbyva 1% hydrofobnich latek.
SniZeni spotfeby Cl pfi lepsim vafeni (delignifikaci) a pouZitim alternativnich
chemikalii.

%  Pitnou a odpadni vodu
Desinfekce - po pfedchozim odstranéni organickych latek filtraci efektivni,

jednoduchy a Siroce pouZitelny proces.

Problémem jsou huminové latky, pokud projdou filtraci.

Y% Béleni tkanin, povrchova desinfekce, bazény

Research Centre for Toxic Compounds in the Environment
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Chlor v chemické vyrobé

%, PVC —vsestranné vyuZiti, 28% vyrobeného chloru, produkce
polutantt prabézné sniZovana, meziprodukty recyklovany
nebo jinak vyuzity, velké rozdily jednotlivych vyrob

%  Polyvinyldenchlorid — z dichloretylenu, velka odolnost, 150
000 tun

%  Neopren a chlorobutylova guma — 1,3-chlorbutadien tepelna
stabilita, odolnost oleji a pruznost, 400 000 tun

Research Centre for Toxic Compounds in the Environment
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Chlér v chemické vyrobé - rozpoustédla

Perchlorethylen — suché CiSténi latek a kovii, odmast’ovani; silné,

nehoflavé a ucinné rozpoustédlo; prodrazuje zamezeni emisim a unikim

CFC - freony jsou zakazany Montrealskym protokolem, vyuZiti ve
specialnich uzavienych aplikacich

Trichlorethan — hlavni priimyslové rozpoustédlo, odmast’ovani; nizka
toxicita, reaktivita a hoflavost, vyborné rozpoustédlo, na pouZiti se
vztahuje Montrealsky protokol

Dichlormethan (DCM) — rozpousténi a extrakce, hnaci plyn (barvy),
¢isténi kovii a odmast’ovani; omezuje se pouzZivani aerosolu

Methylchlorid — methylacni Cinidlo, silikonova chemie, meziprodukt
chemickych vyrob C; OC

Trichlorethylen (TCE) — plynné ¢isténi a odmast’ovani; silné, nehoflavé
a volatilni rozpoustédlo

() Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

75



Chlér v chemické vyrobé - rozpoustédla

Chloroform — po ukonceni produkce CFC pouZivan ve
specialnich aplikacich (rozpoustédlo farmacie), vyroba
fluorovanych latek

Chlorbenzeny — surovina pro chloraniliny (hetbicidy,
bakteriostatika, barviva)

Chlortolueny a benzylchloridy — surovina vyroby parfémau,
viuni, benzylperoxida, benzaldehydu, UV-stabilizatora, 1€k,
baktericidnich a dalSich latek

Chlorované parafiny — 35-70% substituce chlorovymi atomy,
C,0-C;, zmékcovadla, lubrifikanty, protihoflavé aplikace

Chladici média — nahrada CFC (obsahuji v molekule vodik)
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Chlor v chemické vyrobé — nechlorované vyrobky

%  Fosgen - >80% na vyrobu isokyanati & polyuretan, 10%
polykarbonaty, 10% herbicidy, farmaka atd., zakaz
transportu

% Chlorhydriny — epoxidova struktura, produkce propylenu a
polypropylenu, epichlorhydrinu (surovina)

% Derivaty celulozy — Siroké spektrum slou€enin od celuldzy
acetatu po latky upravujici viskozitu

%  Nylon-6,6 — z 1,4-dichlor-2-butenu, vlakno v tkaninach atd.

% Fluoropolymery — vyroba zacina s OCs, nejvyznamné;jsi
teflon PTFE, 50 000 tun

% Grignardova Cinidla a Friedl-Crafts reakce — Grignardova
¢inidla pfi vyrobé farmak aj., jako nezbytné meziprodukty;
F-C reakce - mnoho reakci za katalyzy AlCl,, FeCl;, ZnCl,

g‘lMizé L()d: Research Centre for Toxic Compounds in the Environment 77
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Chloér v chemické vyrobé — vyroba anorganickych

latek

G

TiO, — ¢iSténi titanu, 150 000 tun
TiO, (sur.) + 2 Cl, —> TiCl + CO,

HCI — meziprodukt mnoha reakci; osetfeni oceli a Zeleza
(odrez.), surovina v dalsi chemické vyrobé, pH upravy,
regenerace ionexi, téZba ropy

Siloxany — reakci methylchloridu a kfemiku, dalsi reakce
(polymerizace) & mnoho elastickych materiala

Hlinik — Cl, s roztavenou rudou, deodoranty a
antiperspiranty, flokulacni latky

Slouceniny Zeleza — tercialni upravy odpadnich vod
(odstrafiovani Zivin)

Fosfaty — PCl; jako surovina organofosfati

Sira — SOCl, a SO,Cl, v produkci alkylchloridu, baterii

5 ()’ Research Centre for Toxic Compounds in the Environment 78
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Vstupy OCs do prostfedi

% Cilené vstupy v zemédélstvi — rezidua

% Uniky z otevienych technologii do atmosféry (vyroby),
skladovani a ,,tankovani‘

%  Nedokonalé spalovani

% Rozklad materiala
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Vstupy smési polutantti do prostredi

Chlorligniny — obecné oznaceni AOX-Cl, Spatné rozpustné v
nepolarnich rozpoustédlech, ve vodé rozpustné pfi pH > 8,
méné nez 1% volatilnich; povétSinou z vyroby papiru, 30-70%
biologicky odbouratelnych, zbytek perzistentni v prostfedi

Cisténi vod — vét§inou z huminovych latek ve vodé, podobné
vlastnosti jako pfedchozi, nizka bioakumulace

Pudni rezidua — chlorofenoly z impregnaci dfeva ad.

PBTs — PCBs, DDT's, PCDDs/Fs, dieldrin, aldrin, chlordan,
endrin, heptachlor, HCB, mirex, toxafen; v rizné mife podle
doby zakazu (pokud), celosvétova distribuce, stale vstupy a
zasoby

7 Oc‘f\ent Res@ s,(‘ . . .
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PBT - svét zkratek: vyrabéné, chténé latky

&

PCBs — 209 kongeneru, 1-10 chlora, smési, mnoho zasob,
relativné nejvice zname rozsifeni, pfes 1,7 mil. tun

PCBzs — polychlorované benzeny, rozpoustédla,
meziprodukty

PCNs — polychlorované naftaleny (Halowax)

PCPs — polychlorované fenoly, PeCP - pentachlorfenol,
Siroka distribuce v prostfedi diky aplikaci v impregnaci dfeva
PCTs — polychlorované terpenyly, nahrada PCB (Arochlory)
PCBT's — hydraulické kapaliny, v Némeckych dolech

CPs — chlorované parafiny s raznou délkou fetézce -
rozpoustédla, zmékcovadla, lubrifikanty, protihoflavé latky,
vétSinou v otevienych systémech, 340 000 tun, Siroka skala
ef?ktﬁ, silna bioakumulace
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Tc¢kave organicke latky (VOCs= Volatile Organic
Compounds)

Definice UN ECE:

VOCs jsou vSechny organické slouCeniny antropogenniho
puvodu, jiné neZ methan, které jsou schopné vytvafet
fotochemické oxidanty reakci s NOX v pfitomnosti
slunec¢niho zafeni

Nemethanické VOCs - NM VOCs
Nemethanové pojeti VOCs

Methan - 70 % HCs pfirodniho ptivodu, cA = ca 1l ppm
- dle fyzikalnich vlastnosti VOC

Research Centre for Toxic Compounds in the Environment
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Tc¢kaveé organicke latky (VOCs)

Definice US EPA:

VOC:s - latky, jejichZ tenze nasycenych par pfi 20 °C je rovna nebo

vetsi nez 0,13 kPa

Skupina organickych latek Maximalni pocet atomii uhliki
Alkany 10-11
Alkeny 10-11
Aromaty 10
Alkoholy 5-6
Aldehydy 7-8
Ketony 8
Monokarboxylové kyseliny 4-5
Estery 8-9
Ethery 9
Aminy 9
Heterocyklické N- slouceniny 10-11
E)é” Research Centre for Toxic Compounds in the Environment 83
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Déleni VOCs

%  uhlovodiky - alkany, alkeny, aromaty,

% derivaty uhlovodiku - Cl, O, N, S, P - alkoholy, ethery,
aldehydy, ketony, kyseliny, estery, aminy, heterocykly

()’ Research Centre for Toxic Compounds in the Environment
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Zdroje VOCs

Antropogenni zdroje:

pouZziti rozpoustédel

vyfukové plyny z dopravnich prostfedki
evaporace benzinovych par
skladovani a distribuce benzinu
petrochemicky priimysl

zemni plyn a jeho distribuce
spalovani biogennich paliv
spalovani fosilnich paliv
chemicky priimysl

rafinace mineralnich oleju
skladky odpadt

potravinafsky primysl

zeméedélstvi

E E E FE FE FFFFFFEEEE

materialy z vnitfniho zafizeni budov (koberce, podlahové krytiny, lepidla,
natérové hmoty, konstruk¢ni materialy...)

() Research Centre for Toxic Compounds in the Environment
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Hlavni cesty sniZovani emisi VOCs

spalovaci procesy - optimalizace spalovaciho procesu

mobilni zdroje:

- vyuziti katalyzatort

- opatfeni v cyklu vyroba benzinu - skladovani - distribuce —
tankovani

pouZiti rozpoustédel - sniZovani pouZiti ev. sniZovani jejich
podilu na vyrobky

o snizZeni emisi rozhoduje az z 90 % uroven technikyj,
zvlastnim problémem jsou malé provozy (pouZiti barev, laku,
lepidel) - nutna zména koncepce vyroby nebo jeji modifikace

na produkty

()’ Research Centre for Toxic Compounds in the Environment
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POPs - Zdroje, vstupy do prostfedi, osud v prostfed

b

G

Y

Y

Organické slouCeniny pouzivané v zemédélstvi - DDT,
HCHs, PCCs, chlordany, cyklodieny, atraziny

Vedlejsi produkty priimyslovych aktivit - HCB, PeCP

Produkty chemickych transformaci - DDE a DDD z
metabolismu DD, dieldrin oxidaci aldrinu

Produkty biochemickych transformaci - methyl-sulfonylové
derivaty

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

87



The main sources of persistent organic pollutants

(a) Combustion processes;

(b) Industrial processes;

(c) Diffusing sources (mobile sources, open burning etc.);
(d) Secondary sources (volatilisation from landfills etc.); and

(e) Accidental sources (industrial accident, transport accident
etc.).
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Klasifikace PAHs

Podle typu uspofadani kondenzovanych benzenovych jader v
molekule déli tyto latky na:

% linearné anelované
% klastrové (minimalné jedno jadro je obklopeno alespoii

tfemi jinymi kondenzovanymi jadry)

%  angularné uspofadané J0o0® “ 1
lineamé anelované (tetracen) G‘

klastroveé (pyren)

angulami (chrysen)

Toto uspofadani také predikuje jejich stabilitu, ktera roste od
linearnich k angularnim.
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Nejvyznamnéjsi environmentalni zdroje PAHs

ANTROPOGENNI

(a) Pramyslové zdroje

Vyroba tepelné a elektrické energie

Vyroba koksu

Produkce a zpracovani kamenouhelného dehtu

Vyroba, zpracovani a pouZziti asfaltu

Katalytické krakovani

Stroje s vnitfnim spalovanim

Vyroba a pouZiti sazi

&l & & & | E| E|F

Odpadni vody

@

Potravinafské technologie

()‘ Research Centre for Toxic Compounds in the Environment
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Nejvyznamnéjsi environmentalni zdroje PAHs

(b) Nepriumyslové zdroje

% Pozary lesu, stepi atd.,

Volné hofeni odpadi

Spalovny odpadu

Koufeni

sl e

Domaci topenisté

()‘ Research Centre for Toxic Compounds in the Environment
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Nejvyznamnéjsi environmentalni zdroje PAHs

NEANTROPOGENNI

(a) Geochemické zdroje

Y% Uhli

Sedimentované horniny

L
% Mineraly (curtizit, idrialit..)
L

Vulkanicka ¢innost

(b) Biologické zdroje

%  Biochemicka syntéza makrofyty a mikroorganismy

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

92



Ptirodni zdroje PAHs - uhli

Hypothetical Coal Molecule

Research Centre for Toxic Compounds in the Environment 93
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Vznik PAHs pfi spalovacich procesech

JestliZe je smés organickych latek obsahujicich uhlik a vodik
vystavena teplotam vyssim neZ 700 °C, tzn. podminkam
pyrolyzy, resp. podminkam nedokonalého spalovani,
dochazi k tvorbé nestabilnich mensich molekul - prekurzorii
PAHs a v pfitomnosti atomt O, N, S aj. téZ k tvorb¢
pfislusnych heterocyklickych analogu.

Tyto fragmenty, vesmés radikaly, se rekombinuji pfi vysokych
teplotach (500 — 800 °C) za vzniku pomérné stabilnich
aromatickych uhlovodiku.

ont Res,

o‘\‘f\ es"(‘ . . .
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Vznik PAHs pfi spalovacich procesech

Vysoce reaktivni fragmenty se stabilizuji uzavfenim kruhu, kondenzaci,
dehydrogenaci, Diels - Alderovymi reakcemi, rozsifenim kruhu a jinymi
zpusoby za vzniku raznorodych polycyklickych systémau.

I‘ Mechanismus vzniku benzo[a]pyrenu pyrosyntézou

(Badger et al., 196
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Vznik PAHs pfi spalovacich procesech

Vysledek pyrosyntézy je funkci mnoha proménnych, v
neposledni fadé téZ prfitomnosti redukcni atmosféry uvnitf
plamene, kde fetézova radikalova propagace dosahuje
vétsiho rozsahu a dochazi tak k tvorbé sloZitych molekul
PAHs.

Tvorba téchto velkych molekul je podporovana pfitomnosti
radikald vyssi molekulové hmotnosti.

’ o*“‘\em Res@"rz‘ . . .
7 a\y Research Centre for Toxic Compounds in the Environment
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Polychlorované benzeny (PCBzs)

Y 12 izomerd (mono — hexa)

Y% VSudypfitomné

%  Rozdilné vlastnosti

Molekulova hmotnost 113 — 285

Bod varu 132 - 326 °C
Bod tani -45,5 — 231 °C

log K, 2,84 — 5,97
Tenze par 11,8 - 1,68 * 10 mm Hg

Research Centre for Toxic Compounds in the Environment
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PCBzs - zdroje

Y% Antropogenniho pavodu

%  Chemicka vyroba, meziprodukty

%  Rozpoustédla, mazadla, teplonosna média
% Zemédélstvi - slozky herbicidi, pesticidi
% Spalovny

% DiCBs — deodoranty

% Opétovné uvolnéni z dfive kontaminovanych matric

O(\v\e Sor, . . .
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Polychlorované fenoly (PCPs)

Nejznamnéjsi je pentachlorfenol (PeCP), pouZivan k ochrannym
natérim a impregnaci dfeva; Casto vyznamné kontaminovan
PCDDs/Fs (spoluprodukty pfi vyrobé pentachlorfenolu)

% PCPs jsou spoluprodukty pfi béleni celulozy

% Hydroxylova skupina miiZe byt biomethylovana
mikroorganismy za vzniku hydrofobnéjsich a vice
bioakumulovatelnych anisola

% Ve vyssich organismech PCPs snadno konjuguji s
glukuronidem

%  Biodostupnost vyrazné ovlivhéna hodnotou pK_ , ktera zavisi
na poctu a umisténi atomu chloru

Research Centre for Toxic Compounds in the Environment 99
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Polychlorované fenoly, guajakoly, katecholy

ci 1

1

24DCP 246TCP TeCP PeCP
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PeCP - zdroje

% Spalovaci procesy:

- Spalovani mateiala s obsahem chloru nebo s obsahem
plastickych  hmot (PVC)

- Vzdusna pyrolyza PCBs (pozZary)

- Vyfukové plyny z automobili

Vyroba chlorfenolt

Vyroba hexachlorbenzenu

Uziti chlorfenoxyoctovych kyselin a jejich derivati
Vyroba PCBs

Likvidace vyrobku na bazi PCBs nebo odpadu tyto latky
obsahujici

& & & &6
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PeCP - zdroje

& & & & & &

Vyroba celulozy a papiru (chlorace)
Konzervace dfeva

Pouziti jako pesticidy

Dezinfekce vody chlorem
KozZedélny a textilni primysl

Environmnetalni degradace chlorbenzent

() Research Centre for Toxic Compounds in the Environment
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Polychlorované bifenyly (PCBs)

CAS index 1336-36-3
CoHyp iy Clry  (x+y =122 10)

meta ortho ortho meta

x=1-5
para ‘ ‘ para Yy 0-5
Celkem 209 kongenert

CI X meta ortho ortho meta CI y

Ci Ci
i O O M 3,3,4,4,5-pentachlorbifenyl
(nejtoxictéjsi PCB
Ci

kongener)

PCB 126
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Z.droje PCBs

PCB usage,
tonnes/grid cell

=1
1-5
5-10
10-50
50-100
100-500
500-1000
=1000

Estimated cumulative
global usage of PCBs
(1930-2000). Most of
the use was in the north-
ern temperate region.
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Globalni PCB spotfeba

E E Eom m 1m-"}’

<0.1 01-1 1-10 10-50 50-100 100 - 500 =500
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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 !?

()’ Research Centre for Toxic Compounds in the Environment 106

ewo% ”\@“’ http:/ /recetox.muni.cz




RBA PTS Projekt

= Prioritni environmentalni problémy — POPs

developing countries

¢ PCBs continue to show

107
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Zdroje POPs

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Zdroje PCBs

PRIMARNI ZDROJE VSTUPU PCBs DO PROSTREDI

Uzaviené systémy

Chladici kapaliny v transformatorech

Dielektrické kapaliny ve velkych a malych kondenzatorech

Teplonosna media

sle| |

Ohnivzdorné a teplonosné antikorozni hydraulické kapaliny v dilnich
zafizenich a vakuovych pumpach

Pouziti mazadel

RSz5 Re:"@fo . . .
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Closed Applications

V V V &

A\

Electrical transformers

Electrical capacitors:

Power factor capacitors in electrical distribution systems

Lighting ballasts

Motor start capacitors in refrigerators, heating systems, air conditioners,
hair dryers, water well motors, etc.

Capacitors in electronic equipment including television sets and
microwave ovens

Electrical motors (minor usage in some specialized fluid
cooled motors)

Electric magnets (minor usage in some fluid cooled
separating magnets)

()’ Research Centre for Toxic Compounds in the Environment 110
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Zdroje PCBs — uzavfené systémy - transformatory

High Voltage Bushings
Low Voltage Bushings
Pressure Relief Device

Hand Hole Opening Cover
(located on main cover or under
Pressure Relief Device)

Welded-on Main Cover

Lifting Lugs

' Pressure-Vacuum Gauge

, Upper Liquid Treatment Connection
(valve optional)

Liquid Level Indicator,

Magnetic type

Liquid Temperature indicator

Externally Operated ON-Circuit

Tap Changer

Raling Plate with Connection

Diagram

Terminal Box

Weided on Panel-Type Radiators
Tank Grounding Pad

Liquid Drain and Sampling Valve
Bage

Research Centre for Toxic Compounds in the Environment 111
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Zdroje PCBs — uzaviené systémy - kondenzatory
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Ceiling Cradle Wall Cradle

O
Vertical Floor Rack Four-Capacitor Typical Capacitor
Bank (with cover removed)
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Partially closed applications

Application Typical Location(s)

Heat transfer fluids Inorganic chemical, organic chemical, plastics and
synthetics, and petroleum refining industries

Hydraulic fluids Mining equipment; aluminum, coppet, steel, and iron
forming industries

Vacuum Pumps Electronic components manufacture; laboratory, instrument
and research applications; and waste water discharge sites

Switches * Electric utilities

Voltage Regulators ? Electric utilities

Liquid Filled Electrical | Electric utilities, and private generation facilities (e.g.
Cables 2 Military installations)

Liquid Filled Circuit Electric utilities

Breakers 2

* These applications were not generally designed to contain PCB materials but may have become contaminated through
regular maintenance and servicing,

Research Centre for Toxic Compounds in the Environment
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Zdroje PCBs — CasteCné oteviené systémy

Vakuové pumpy Kapalinou
naplnéné kabely

Research Centre for Toxic Compounds in the Environment 114
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Zdroje PCBs

PRIMARNI ZDROJE VSTUPU PCBs DO PROSTRED{

Oteviené systémy:

Pouziti plastifikatori na bazi PCBs

Bezuhlikovy kopirovaci papir

Lubrifikanty

Tiskafské barvy

Impregnancni materialy

Barvy

Lepidla

Vosky

Aditiva do cementi a omitek

Materialy na mazani odlévacich forem

ele|le|le|le|le|le|le|le|e|e

Materialy pouZivané pro vyrobu odlucovaci prachu

()’ Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

115




Zdroje PCBs

PRIMARNI ZDROJE VSTUPU PCBs DO PROSTREDI

Oteviené systémy:

Tésnici kapaliny

Inhibitory hofeni

Imerzni oleje

Pesticidy

Skladky odpada

Spalovani odpadua

Pevné a kapalné materialy obsahujici PCBs

Laminatovaci ¢inidla

Tezké oleje

Samolepici pasky

Balici papir

slele|ele|lele|lele|lele|s

Recyklovany papir

()’ Research Centre for Toxic Compounds in the Environment
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Zdroje PCBs

SEKUNDARNI ZDROJE VSTUPU PCB DO PROSTREDI
%  Revolatilizace ze sedimentti a pud
% Odpafovani z aplikovanych barev

Open systems example sealants  Open systems, example corrosive
protection paint
S

2 \

NERS/
S &

X SYI. v
Tengis®
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Open applications

% Open systems are applications in which PCBs are in direct
contact with their surroundings and thereby may be easily
transferred to the environment.

% Direct PCB contact with the environment is of greater
concern for open uses than it is for closed applications.

Y% Plasticizers are the largest group of open applications and
are used in PVC (polyvinyl chloride), neoprene, and other
chlorinated rubbers.

% In addition, PCBs have been used in a number of other open
uses including in paints as flame-retardants, adhesives as
plasticizers, and in surface coatings as flame-retardants.

()’ Research Centre for Toxic Compounds in the Environment 118
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Open applications

vV V V VY

Lubricants

Immersion oils for microscopes (mounting media)
Brake linings

Cutting oils

Lubricating oils

* Natural gas air compressors

Casting Waxes

Pattern waxes for investment castings

& ee»(‘ . . .
()’ Research Centre for Toxic Compounds in the Environment
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Open applications

% Surface Coatings
> Paints
* Paint on the undersides of ships
» Surface treatment for textiles
Carbonless copy paper (pressure sensitive)
> Flame retardants

A\

* On ceiling tiles
* On furniture and walls
> Dust Control

* Dust binders
* Asphalt
* Natural gas pipelines

Adhesives
Special adhesives
Adhesives for waterproof wall coatings

Re:e@' . . .
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Open applications

YV V. VYV V &

Plasticizers
Gasket sealers
Filling material in joints of concrete
PVC (polyvinyl chloride plastics)
Rubber seals

* Around vents

* Around doors and windows

(6)‘ Research Centre for Toxic Compounds in the Environment
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Open applications

% Inks
Dyes

A\

> Printing inks

%  Other Uses
» Insulating materials
> Pesticides ?

2 Scrap transformer fluid has been used as an ingredient in pesticide formulas

Research Centre for Toxic Compounds in the Environment 122
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PCB-containing wastes

Specific examples of activities that generate PCB wastes include:

PCBs in used oil

Navigational dredging of PCB-contaminated waters and
sediments

& &

Repair and decommissioning of equipment
Building demolition

Volatilization and leaching from landfills
Recycling operations

Incinerators

& & & & &

Inadvertent production by organic chemical manufacturing
and use industries

’ o*“‘\em Res@"rz‘ . . .
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Zdroje PCBs

Closed Applications

. . . i i
Dielectric Fluids Interim Storage/Permanent Disposal

- Transformers

- Capacitors

- Microwave ovens

- Air conditioners

- Electric motors
Electrical Light Ballasts
Electromagnets

Temporary Storage Facilities
High Temperature Incineration
Underground Storage Facilities
Chemical Decontamination
Hydrogenation

A 4

|
|
. - |
Partially Closed Applications I Waste
. . »| Industrial Dumpsites
Hydraulic Fluids | Fluff P
Heat Transfer Fluids | ¢ .
Switches L Ina _verFent Pro ucpon |
! Navigational Dredging
Voltage Regulators M| -
S <— +— Spills
Circuit Breakers - . R .
| Decommissioned Equipment > Landfills
Vacuum Pumps | Building D liti
. g Demolition
Electrical Cables | A
| ' !
Open Applications | |Recycling Operations |
| -
Inks — —oil (Mineral Oil Market) - ———» ;rgcd”cclg'\fgg r‘l";f:
Lubricants | Carbonless Copy Paper y
Waxes | Plastics
Flame Retardant I
Adhesives I
Surface Coatings - — —
Insulating Materials
Pesticides
Dyes
Paints
Asphalt
Condensate from Pipelines
Plasticisers

Research Centre for Toxic Compounds in the Environment
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Polychlorované dibenzo-p-dioxiny a dibenzofurany

(PCDDs/Fs)

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

% Stopové kontaminanty pramyslovych a termickych procesi

% Chemicky, fyzikalné a biologicky stabilni

e

Cly cl,
Polychlorované dibenzo- Polychlorované
p-dioxiny (PCDDs) dibenzofurany (PCDFs)
75 kongeneru 135 kongeneru

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 kontaminované pudy
¢i sedimenty, ale také kaly z COV nebo komposty

% Biologicky vznik z prekurzori

() Research Centre for Toxic Compounds in the Environment 126

By http:/ /recetox.muni.cz
Odwo?



Primarni zdroje PCDDs/Fs

V_minulosti: chemicky pramysl a priimysl vyroby celulozy a
papiru - produkce a pouzivani chlorovanych organickych
slouCenin

V soucasnosti: hlavné termické procesy

Research Centre for Toxic Compounds in the Environment 127
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Primarni zdroje PCDDs/Fs

A) PRIMARNI ZDROJE
1) Spalovaci procesy

a) stacionarni zdroje
- spalovny TKO

- spalovny nebezpecnych odpadia
- spalovny nemocnicnich odpadu

- spalovny kald z COV

Research Centre for Toxic Compounds in the Environment 128
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Primarni zdroje PCDDs/Fs

A) PRIMARNI ZDROJE
1) Spalovaci procesy

b) diftizni 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 Toxic Compounds in the Environment 129
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Primarni zdroje PCDDs/Fs

2) Praimyslové zdroje

a) procesy v chemickém primyslu, napt.:

- chlorace fenolu

- vyroba 2,4 5-trichlorfenolu

- vyroba pentachlorfenolu

- Friedel-Craftsovy syntézy s AlCl, a FeCl,

- vyroba pesticidi

- PCBs (dnes jiz zakazana)

- vyroba chloru pomoci grafitovych elektrod aj.
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Primarni zdroje PCDDs/Fs

2) Prumyslové zdroje

b) vyroba buniciny, béleni celulozy

c) metalurgické procesy

- vyroba zeleza a oceli
- vyroba médi, niklu, hof¢iku
- procesy znovuziskani kova (medi, hlintku)

- pouziti starého zeleza pfi vyrob¢ oceli

4 r

d) suché cisténi
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Sekundarni zdroje PCDDs/Fs

B) SEKUNDARNI ZDROJE
a) vytok ze skladek odpadi

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

e) plo$na aplikace vyrobkii s obsahem PCDDs/Fs &i jejich
prekurzori (pesticidy, pentachlotfenol - PCP a j.)
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Primarni zdroje PCDDs/Fs

Chemické profily PCDDs/Fs:

S

S
S
S

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

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

= vysledek: bioakumulace, bioobohacovani

()’ Research Centre for Toxic Compounds in the Environment
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Struktura a systém Cislovani kruhu PCNs

Pozice 1, 4, 5, 8 se nazyvaji apikalni a pozice 2, 3, 6, 7 lateralni
nebo peri pozice

]
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PCNs - zdroje, technicka syntéza

Od 1910 do 1970s byly PCNs vyrabény jako primyslové
chemikalie pod obchodnimi nazvy:

Halowaxes
Nibren waxes
Seekay waxes
Clonacire waxes
Perna waxes
Basileum
Cerifal materials
N-oil

N-wax

Woskol

E & FEFEFEEEEE
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3 ()’ Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

135



Pouziti PCNs

& & & & & & & & &

Aditiva, mazadla

Lubrifikanty pro grafitové elektrody

Separatory v bateriich

Vysokovrouci rozpoustédla a teplosménné kapaliny
Dispergatory pfi vyrobé barev

Vlhkosti odolné tmely, chemicky odolné kapaliny
Zhasece hofeni

Maskovaci latky pfi elektropokovovani

Aditiva do syntetického kaucuku a adhesiv — do 2002

ont Res
O(\“\ e”»(‘/ . . .
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CPs (polychlorované n-alkany)

Nové polutanty, sumarni vzorec C H, ., Cl

Vyrabény od roku 1930 chloraci n-alkant za vysokych teplot a
prfitomnosti UV zafeni

Uziti:

Svétova produkce 300 000 tun/rok, ro¢ni narast produkce o 1%

Nahrada za PCBs (od 80. let), pro srovnatelné fyzikalné-chemické

vlastnosti

Strojirensky pramysl (71%), gumarensky primysl (10%)
% plastifikatory, lubrikanty, retardanty hofeni, jako aditiva

% pfivyrobé barviv, tmelu, adhesiv aj.

ont Res,
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CPs (polychlorované n-alkany)

Chloroparaffins
(CPs or PCAs)

o These diagrams show the general structures of
Cvﬁéagce:naégm s S 2 : polychlorinated terphenyls, polychlorinated r.laph—
replacedbya | ' thalenes and chloroparaffins. The carbon chains of
chiofine slom > g chloroparaffins vary in length.

? % Cl ?*C
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Flame retardants — zhasece hofeni

Nehoflavé materialy, pro sniZeni nebezpeci pozZaru,
interference se spalovacim procesem

Siroké pouZiti v ¥adé produktii: umélé hmoty, textil, pény...

Bromované retardéry hofeni - BFRs: nejlacinéjsi alternativa -
40 % celkové produkce retardérii
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Polybromované difenylethery (PBDEs)

2 2'
O
3 3"
4 8 6 4
5 5
Br, Br

y

PBDE were produced by the bromination of diphenyl oxide,
the degree to which it was brominated resulted in
products containing mixtures of brominated diphenyl

ethers with the three principle commercial mixtures
being PentaBDE, OctaBDE and DecaBDE.

’ o*“‘\em Res@"rz‘ . . .
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Mechanismus zhasSeni hofeni

Teplo (narust teploty) = rozklad FRs (dfive neZ rozklad
‘ matrice polymeru) = vstup produktti zabratiujicich /
likvidujicich poZar

Idealni situace: retardant se rozklada pfi teploté pfibliZné o 50
°C niZsi neZ polymer — bromované reterdéry hofeni (BFRs)
v kombinaci s mnoha polymery spliuji tento poZadavek

/ re aktivni
——~—~— aditivni

2 typy FRs
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Jak pusobi polybromované zhasecCe hofeni ?

- They are thermally labile

- Break down with heat — give off HBr (g)

- HBr ‘quenches’ flame

- Increases ‘flash-over’ time - More time to escape
- BFRs save lives, but are toxic and persistent!

Non-flame retarded:
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Perfluorované latky (PFCs)

% syntetické fluorovane latky (vcetné jejich oligomerti a polymert)
% persistentni latky s bioakumula¢nim potencialem

% od poloviny 90. let se vyzkum zaméruje na fluorované uhlovodiky
s delSim fetézcem — v pramyslovych smésich C, - C,,
perfluoroalkylové kyseliny (PFOA)
soli perfluoroalkylsulfonovych kyselin (PFOS)

perfluoroalkylsulfonové kyseliny

RFRFRFRFOO
$ & $ \\S//

perfluoroalkylsulfoamidy

F ”, ”, ”, e

perfluoroalkyl alkoholy e Ed R E

alkylované odvozeniny RERFRF ©

F
. . . OH
el
producenti 3M, DuPont, Clariant, Daikan FEFEFEFE E
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Charakteristika — fluorované derivaty

%  FOCs .... Fluorinated Organic Compounds

% Vlastnosti: odolnost vii€i hydrolyze, fotolyze, mikrobialni
degradaci a metabolismu obratlovcii

&,  Zastupci: freony, teflon, halothan

%  Znama produkce rostlinami: rod Dichapetalum

ont Res,
00‘{\ ee”(‘ . . .
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Charakteristika — perfluorované derivaty

Y% Latky plné fluorované
% Jedinecné fyzikalni, chemické a biologické vlastnosti
Y, Zastupci: perfluorované alifatické uhlovodiky

perfluorované karboxyly

perfluorované sulfonaty
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Pouziti PFCs

ochrana textilii, kiiZe a koberct proti zneciSténi, olejim i vodé

(PFOA pti vyrobé funkénich materialii - GoreTex)

~* ochrana papiru a papirovych obalua proti vodé a olejim (PFOS
- 3M - papirové talife, tasky, obaly - v r. 2001 linka odstavena =

nové pouzivani fluorovanych telomert - saCky na hranolky )

J. Becanova

pedrch Centre for Toxic Compounds in the Enviro
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Pouziti PFCs

soucast hasicich pénovych pfistrojii pouzivanych pr1 haseni

pozZaru hoflavych tekutin

~* aditiva do natérovych hmot & odpudivost vody a $piny
(3M)

~* ve fotografickém primyslu pro lepsi funkce fotograﬁckél:o

media
~» pfi vyrobé polovodici

- ]ako surfaktanty do hydraulickych tekutin J. Becanovi
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Special care needed for industrial chemicals like

[ ]
[ ]
' DC A U . C 1 NUINCTrovu DTOCC - AIld Dd

Upstream

End products

-

Chemical
producers

Downstream

Research Centre for Toxic Compounds in the Environment 148

http:/ /recetox.muni.cz


http://shusaku.xsrv.jp/sozai/002/007/005/005/001_01.png

Special care needed for industrial chemicals like PFOS because:
Long supply-chain, involve many producers/ users

surface treatment > fix-unit

anti-reflective N _ . D
> dispersion
coating

) adhesive

V/\\ﬁ surface treatment | \‘ .
Photo resist JN — solder paint \
‘¥ etchmg J De-smearing metal

other use
v \ plating
(4 § semiconductor
photo mask \(

e
HDD

parts, modules

..may also affect
other industries
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Povrchové aktivni latky

Povrchové aktivni latky (tenzidy, surfaktanty) maji Siroky rozsah
pouZiti zejména jako soucasti detergenti, ale jsou také
soucasti kosmetickych prostfedki osobni péce.

V soucasné dobé jsou nejrozsifenéjsi a nejpouzivanéjsi aniontove
a neiontove typy, které napfiklad v Evropé pfedstavuji 90 %
pouZivanych typl.

Nejpouzivanéjsi jsou alkybenzen sulfonaty, kterych se v Evropé ro¢né vyrobi
434 000 t, nasleduji alkylethoxy sulfaty a alkylsulfaty, pouZivané jako
soucasti Sampont vzhledem ke svym vynikajicim pénovym vlastnostem
s rocni produkci 404 000 t.

Z neiontovych tenzida se nejvice vyrabi alkoholpolyethoxylaty, které se
pouzivaji jako emulzifikatory v Cisticich domacich i priimyslovych
prostfedcich.

cf\“\e %’(‘ . . .
()5 Research Centre for Toxic Compounds in the Environment
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Povrchové aktivni latky

Problém spojeny s fadou pouZzivanych tenzidi je jejich degradace
béhem procesu v Cistirnach odpadnich vod na latky
s estrogenni aktivitou - napfiklad degradace alkylfenol
ethoxylatti na alkylfenoly, jeZ jsou pfikladem toxicCtéjSich
produkta rozkladu neZ jsou ptavodni, rodiCovské latky:.
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Povrchové vody — znecisténi — tenzidy

Prisady:

aktivacni (polyfosforeCnany, boritany, kfemicitany),
plniva (Na,SO,),

optické zjasnovaci prostfedky,

barviva,

parfémy.

& EEEE

Tenzidy - 80 % produkce - aniontové, nejméné kationtové a
amfolytické.

Biologicky obtiZné rozloZitelné.

Z vodohospodafského hlediska pomérné vhodné -
alkylbenzensulfonany (ABS) - pomaly biologicky rozklad a
pravdépodobné bez rozkladu aromatického jadra.
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Globalni antropogenni cyklus - farmaka

Active
Pharmaceutical
(parent compound)

S

/6 biological metabmb\ humans
(hydrolysis inthe stomach)

metabolites human metabolism microbial metabolism
(liver, mucosa, ...)

(skin, gut)

..............................

. sewage
f"a“s't. water
ormation soil
products biological non biclogical manu_re
> transformation transformation i (air)

(organisms) (light, oxidation, hydrolysis..)

\\/

technical transformation {Water)
{ozonolysis, photolysis, chlorination...) treatment
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Globalni antropogenni cyklus - 1éky

Drug Production

S | -
Official sales i  Unofficial transfers ? .
1 M . e
~%,_ 3 L& :
Medical Use Veterinary Use | Growth prom‘s 3 Other Use

1 I
Faeces Urine Alimentary Cycle

Ground Water | Sea Water

I Potable Water I
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Globalni antropogenni cyklus — humanni a
veterinarni farmaka

Medicinal products for Medicinal products
human use for animal use
Excration Excretion waste disposal excretion
(hospital efMuents) (orivate households) (unused medicine)
lusuﬁh' / l l
municipal waste water domesticwaste | . ] manure
l-—-——————HBmgﬂaml— -

sewage treatment |....p" Sewage |-
plants (S§TPs) sludge's

waste disposal site l

: e |
-

‘ll I..I-_._q -

=t — I
- st
” _ul___"?_.“p—.lnr"-‘" s'nl
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———

Surface water - S

/ ,H""‘“'-l- Groundwater 4-”/
aqua cultures ‘ HH&""-«.., \

T

3
pharmaceutical Drinking water
production plants
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Estery ftalové kyseliny (ftalaty, PAEs)

Vysoka produkce ftalatii — disledek - jejich rozsifeni do vSech
sloZek Zivotniho prostfedi vzhledem k jejich vyborné
vyuZitelnosti pro zmékcovani plasti, zejména
polvinylchloridu (PVC) a polyvinylidenchloridovych
kopolymer.

Aby bylo docileno Zadouciho uc¢inku, miZe celkovy pfidavek
ftalati k polymerni matrici €init aZ 60 % hmotnostnich.

V plastech nejsou ftalaty chemicky vazany, coZ znamena, Ze
muze dochazet k jejich pomérné snadnému uvoliiovani
(vyluhovani, vypafovani) do materialu, se kterym je plast v
kontaktu.

’ o““\em Rese% . . .
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Estery ftalové kyseliny (ftalaty, PAEs)

Nejcastéji pouzivany estet, bis(2-ethylhexyl)ftalat (BEHP) -
prakticky vSudypfitomnym environmentalnim
kontaminantem v disledku jeho masivniho pouZivani a jeho
perzistentniho charakteru.

Plasty zmékcované ftalaty - vyroba podlahovych krytin,
plastovych komponent interiéri automobilad, 1ékafskych
materiala, nejriznéjSich obalovych materiala (vCetné
nékterych potravinafskych), plastovych {6lii a pomucek
(rukavice, plasténky, apod.).

NizZemolekularni estery vyuzity takeé jako stabilizatory vonnych
sloZek parfém Ci jako pfimési inkoustu Ci lak.

’ O(\mef“ Res@"fo . . .
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Typicky gradient znecisténi

Solution of pollution is not dilution

L
Q
S
N A r L4
= Zied’ovani
Q
=
<
Disperse
Degradace
>
Vzdalenost
“Hot spot”
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Global emission inventory for selected PCBs

1. Production

" 2. Consumption

3. Emissions ¢ ©
+ Uncertainty

H B N - F BN “-)

<0.1 01-1 1-10 10-50 50-100 100 -500 =500

Breivik et al 2002a,b /2007 Sci Total Environ
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Hazards associated with the recycling chain

Recycling chain

Disassembly 3

Size reduction
and separation

E .
' Metallurgical - Final

treatment treatment

Removal of hazardous
components

Shredding

Smelting Incineration and
landfilling

. 1
Hg switches: Hg Emission of meta

Batteries: Cd, Pb, Hg Formation of dust fumes, mixed Emission of metal
: particles containing chlorinated and
Gas discharge lamps: . : .. fumes, PXDD/Fs
plastics, metals, brominated dioxins .

Hg . ore Leaching of heavy

CRTs: Pb. P ceramic and silica and furans cals and BFR

: Pb, (PXDD/Fs) metals an s

Risks in the recycling and waste treatment process
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Major emissions of PCBs and BFRs associated
with wastes

Procedures used in the recycling of e-waste/other wastes are
considered primitive without adequate measures of
protecting environmental and human health

Techniques involve melting and open burning of the e-waste to
recover precious metals, but inevitably also make PCBs and
other semi-volatile organic substances prone to volatilization

'Emission factors associated W1th open burmng of PCBs could be
on the order of 10-20% in terms of masses lost into the

atmosphere
()‘ Research Centre for Toxic Compounds in the Environment 161
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Global movement of e-waste

(PCB wastes # e-waste)

Major Exporters : 7
(high labour costs, stringent regulations) |~ . %y EUROPE
North America P
s INDIA
(USA: 50-80% for export) WORY GoAsTyr=iGERA | 1€
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Parameters influencing the quantity of emissions

(1) Factors which characterise the "production" technology or
process
(a) Use pattern
(b) Tonnage
(c) Type of technology or process (closed, opened etc.)
(d) Technology processes - composition of

® reaction mixtures
e combusted mixtures and
¢ use mixtures (application, disposal etc.)

(e) Technology conditions

e recommended parameters (temperature, pressure etc.)

e composition and types of fuels or reaction mixture

e age of technology

e state of technology

e technology discipline
;@\IERSIQ’E ()’ﬁ Research Centre for Toxic Compounds in the Environment 163
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Parameters influencing the quantity of emissions

(2) Factors, which characterise the pollutants:

(a) Quantity

(b) Physical-chemical properties

(c) Environmental-chemical properties

(d) Composition of chemical mixtures ot wastes

(3) Factors, which characterise the environmental
conditions:

(a) Ambient temperature
(b) Wind
(c) Sunlight

(d) Processes of atmospheric deposition

]
\\IER » O(\ﬁ\e\'\t Resee,O . . .
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Emission factors

An emission factor is a number that relates the quantity of
pollutant released and the intensity of an activity.

Emission factors are used as statistical tools to estimate
emissions.

Thev are defined as average values, relating emission rates to
y 5
process parameters.

For industrial activities, the intensity of the activity is, in
general, related to the production of a certain component.

For non-industrial sources, a wide range of emission-
determining aspects can be defined.

() Research Centre for Toxic Compounds in the Environment
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Emission factors

1)
2)

3)

Emission factors are one method used to estimate the
emission of air toxins from sources.

Inputs required to calculate emissions using emission factors
include:

Activity information about sources (amount of product
produced, fuel used, etc.);

Emission factors to translate activity information into
"uncontrolled" emission estimates; and

Control device efficiency information to provide the basis for
estimation of emissions to the atmosphere after passage
through a control device.

() Research Centre for Toxic Compounds in the Environment 166
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Emission factors

The algorithm for estimating emissions is given by:
E=RxEFx (1-C/100)

where:
E = emission estimate for source
R = activity level
EF = emission factor
C = control device efficiency

Thus the accuracy of the emission estimate (E) depends upon
the accuracy of R, EF, and C.

Errors introduced by any one of these quantities will affect the
final emission estimate.

/ o‘\“\ %"(‘ . . .
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Emission factors

Several variables affect the value of the emission factor.

These include:

(1) Time, because the state of the art of technology changes,
e.g., the change of emission factors for vehicles;

(2) Location, because of the variation of technical parameters
from one plant to the next, or one country to another, e.g.,
fuel used, technology used, plant age, etc., and

(3) Knowledge, because on going results can be used to improve
measurements techniques.

ont Res,
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Pesticide inventory (OCPs)

HEXACHLOROCYCLOHEXANE (ISOMERS, TECHNICAL
MIXTURES):

(a) production;

(b) use as a pesticide;

(c) environmental contamination;

(d) disposal of wastes and materials containing HCH;
(e) use in livestock treatment;

(f) use in wood and seed applications; and

(g) volatilisation from landfills (flared and unﬂared)




Pesticide inventory (OCPs)

Exchange of pollutants in gaseous phase between air and soil is
diffusive process.

Direction and magnitude of difussion gradient is influenced by
the concentrations in the air and soil and partion coeffcient
soil/air K_..

This coefficient is critical parameter for this proces and can be
calculated from partion coefficients K_ (soil/water) a K_

(air/water):
Ksa = KSW / Kaw
()4 Research Centre for Toxic Compounds in the Environment 170
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Pesticide inventory (OCPs)

Calculation of K_ is based on the Karickhoff work:
sz = foc* Koc = 0’411 * foc * p * Kow
Where:

f . — organic carbon fraction,
K,. — partion coefficient organic carbon/water,
K, — partion coefficien n-octanol/water,

p — soil density
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Transboundary moment of HWs

The Conference of the Parties of Stockholm Convention shall
cooperate closely with the appropriate bodies of the Basel
Convention on the Control of Transboundary Movements of
Hazardous Wastes and Their Disposal to, inter alia:

%, Establish levels of destruction and irreversible
transformation necessary to ensure that the characteristics of
persistent organic pollutants are not exhibited;

% Determine methods that constitute environmentally sound
disposal for stockpiles and for other POPs wastes;

% Work to establish, as appropriate, the concentration levels of
the chemicals listed in Annexes A, B and C in order to define
the low persistent organic pollutant content.
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Obsolete stocks
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POPs Stockpiles
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POPs Stockpiles

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

pp-DDT | 89718 | & PCB 153: 61.39 tonnes HCB | 120.96
pp -DDD 51.43 PCB118 | 19.06
pp -DDE | 529.64 Evall)lorgtIi{on flux from the soilsin | pcg101 | 25.48
the

g PCB52 15.52
op -DDT | 19932 | 35 1g/y for PCB 153 / 0°C
op -DDD 19.22 % 65 kg/y for PCB 153 / 20°C PCB28 13.57
op -DDE 22.32 PCB180 | 63.25
DDTs 1669.11 | Reported amounts of S PCBs PCB153 | 61.3%
o-HCH 71.85 from the industrial sources: 48 | PCB138 | 82.44
B-HCH 88.33 kg/y PCBs | 280.70

P97 - ; : .
y-HCH 118.89 BUT we have ??? - the estimation of obsolete waste
storage, dumps, unsatured and saturated zones

0-HCH 24.16 in the area of former producer ... —ten'’s
HCHs 303.23 thousands tones Holoubek et al., 2009, Cupr et al., 2010
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