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Kriteria pro identifikaci “novych” POPs

Chemical identity

Structure, including specification of 1somers where applicable,
and the structure of the chemical class

Persistence

Bioaccumulation

1. The hal-life of the chemical in water 1s greater than two months, or the half-
life 1n soil 1s greater than six months, or the half-life in sediment is greater
than six months.

1. Other evidence that the chemical 1s sufficiently persistent to justify its con-
sideration.

1. Evidence that the bioconcentration factor or bioaccumulation factor in
aquatic spectes 1s greater than S000.

1. The logarithm of the octanol-water partition coefficient (log Ky 1s greater
than 5.

3. Evidence that a chemical presents other reasons for concern, such as high
bioaccumulation in other species, high toxicity or ecotoxicity.

4. Monitoring data in biota indicating that the bioaccumulation potential of
the chemical 1s sufficient to justify its consideration.
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Kriteria pro identifikaci “novych” POPs

Potential for long-range 1. Meastred levels of the chemical in locations distant from the sources of ts
environmental transport  release that are of potential concern.

2. Monitoring data showing that long-range environmental transport of the
chemical, with the potential for transfer to a receiving environment, may
have occurred via alr, water, or migratory species.

3. Environmental fate properties and/or model results that demonstrate that
the chemical has a potential for long-range environmental transport through
Alt, Water or Migratory species.

4, The half-life in air 1s greater than two days.

Adverse effects L. Evidence of adverse effects to human health or to the environment that jus-
tifles consideration.
. Toxicity or ecotoxicity data that indicate the potential for damage to human
health or to the environment,

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




Polychlorované naftaleny (PCNs)

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




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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Struktura PCNs

Polychlorinated
naphthalenes (PCNs)
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Pocet mozZnych PCN homologt, isomerti a kongeneru

Homologické skupiny PCNs Pocet izomert
MonoCNs 2
DiCNs 10
TriCNs 12
TetraCNs 14
PentaCNs 22
HexaCNs 12
HeptaCNs 2
OktaCN 1

Celkovy pocet kongeneru 75
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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
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Syntézni postup I; technicka syntéza

%,  Substraty: roztaveny naftalen a plynny chlor
%,  Katalyzatory: FeCl; nebo SbCl,
%  Teplota: 80 - <180 °C

Y  Mechanismus: naftalen podléha elektrofilni a nukleofilni
substituci pfednostné v apikalni a-positions (1, 4, 5, 8 -
pozice) molekuly, a vstupujici chlor bude fizen do polohy
para (nebo ortho) vzhledem ke chloru jiZ pfitomnému na
aromatickém jadfe
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Relative abundance
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MoCNs
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OcCN

Homologické profily PCNs v
Halowaxes

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




ingerprint CN kongenert v riznych Halowax 101
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Syntézni postup II; vedlejsi produkt

Substraty:

Roztaveny naftalen pfitomny jako necistota v technickém
bifenylu (do 1 %)

Plynny chlor

Katalyzatory: FeCl; nebo SbCl,

Teplota: 70 - 160 °C
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Obsahy PCNs v technickych PCB smésich

Aroclors: 5,2 - 67 mg.g!
Kanechlors: 32 - 160 mg.g!
Phenoclors: 150 - 460 mg.g!
Delors: 82 - 450 mg.g!

Clophens: 86 - 103 mg.g
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Syntézni postup III; nechtény vznik béhem

locl :

Mechanismus: radikalové ataky

% Spalovani tuhych komunalnich odpadi
% Aglomerace rud

%  Taveni hliniku

% Druhotna vyroba hofcCiku

% Pyrolyza chlorovanych rozpoustédel jako jsou vinylchlorid a
tetrachloroethylen (laboratorni experiment)

Y% Pyrolyza PAHs (laboratorni experiment)
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Vyrobci PCNs: ~1910-1970s

Dlouhodobé znamy:
USA - Halowax series, N-oil, N-wax
FRG — Basileum, Nibren wax

Francie — Clonacire wax
Italie — Cerifal Materials

UK - Seekay wax

V posledni dobé potvrzeni:
Poland - Woskol
Japan — Wako PCN

Potencialni dalsi:

Cina, Australie, gpanélsko, Rusko, Ceskoslovensko
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Dalsi vyrobci PCNss ?

Hypotéza:

% Elektricka energie byla vyrabéna pfed rokem 1910 a byly
potfebné kondenzatory

% Snadna syntéza PCNs
% Celosvétova produkce elektrické energie

% Vynikajici izola¢ni vlastnosti PCNs a nedostatek jinych
alternativnich pfipravki v obdobi 1910-1950 je mozZné, Ze
nékteré zemé& v minulosti PCNs vyrabély (Cina, Brazilie,
Argentina) ?
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Odhadovana celkova produkce PCNs ve XX. stoleq

%, Z technickych PCN smési: 150 000 t

%,  Z technickych PCB smési: 200 t

%, Z termickych procesu: 1-10 t

Research Centre for Toxic Compounds in the Environment 17
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Vlastnosti

% Polychlororované naftaleny jsou hydrofobni, vykazuji
vysokou chemickou a termickou stabilitu, dobrou odolnost
vici povétrnostnim vliviim, elektroizolacni vlastnosti, nizkou
hoflavost, jsou chemicky inertni.

Y% Fyzikalni a chemické vlastnosti a aplikace PCNs jsou velmi
podobné aplikacim polychlorovanych bifenylt (PCBs), které
byly jejich hlavni nahradou.

Research Centre for Toxic Compounds in the Environment
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Pouziti PCNs

Pro komercni vyuZiti:

S

Synteticky kaucuk jako nahrada pfirodniho (Némci béhem
2. svétove valky)

Dielektrika jako izolacni a nehoflavy material pfi vyrobé
elektrické energie a v automobilovém pramyslu
Impregnace kabeld, draty, kondenzatorii a transformatora
Fungicidni a insekticidni ochranné prostfedky v
papirenském, dfevafském a textilnim pramyslu

Pro ochranu tram, pfekliZek, impregnace a plastu
Impregnacni papirové vlozky v plynovych maskach

Aditiva do motoru

Research Centre for Toxic Compounds in the Environment
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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

Research Centre for Toxic Compounds in the Environment
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Komercni produkty vyrabéné z Neoprene FB:

N/, 7

S S

% Kaucukové produkty, tésnici a sklenafské tmely, adhesivni
materialy, materialy pro vyrobu tlumicuy, izola¢ni materialy,
gumove pasy, etc.
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Pouziti PCNs
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commercial products
18 t. of technical

PCNs

rubber compounds, sealant, putty,
adhesive materials, shock
absorbing materials, insulating
materials, rubber belt, etc.

Showa DDE

domestic usage in

Japan

16 Co.

rubber

compounds

29 t.
14 Co.

Neoprene FB ‘43‘“(736@

259 t. International
207 t.

- (stock : 22 t.) natrke
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. 4

54 t. of adhesive material
(contains Neoprene FB)

Aerosol
adhesive

bombs

Sumitomo 3M
Total :

210,000

bombs
manufacturer

(stock: 10 000
bombs)

(40 - 100kg of PCNs)

Research Centre for Toxic Compounds in the Environment 24
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Charakteristiky PCNs

VSudypfitomné v prostfedi

Strukturné podobné PCDDs, PCDFs a PCBs

75 mozZnych kongenert (obtiZné rozdélitelnych analyticky)

Mnoho kongeneru bylo syntetizovano

Toxické ucinky se projevi prostfednictvim Ah receptoru
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PCNs persistence

Limited information on biodegradation of PCNs in water,
sediment and soil.

Some aerobic biodegradation of mono- and di-CNs occuts.

Half-life for 2-mono-CN in soil, sewage sludge, sediment: 38-104
days.

After 5 days in liquid culture medium, 50-100% of some mono-
and di-CNs were converted to hydroxylated products.

Tetra- through hexa-CNs did not degrade during 28-day aerobic
biodegradation test.

Research Centre for Toxic Compounds in the Environment
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PCNs persistence

Identical congener distribution of contaminated soil compared to
Halowax 1013 after 10-15 years being covered by a Dutch
landfill.

Tri- to hepta-CNs detected in lake sediments dating back about
33 years, in quantities suggesting that the half-life in
sediment > 1 year.

Tetra- to octa-CN isomer composition was unchanged when
comparing samples from different sediment core layers from
Norway and it was concluded that no degradation has
occurred in ca. 50 years.

Research Centre for Toxic Compounds in the Environment 27
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Charakteristiky PCNs

Based on analysis of archived sample from 1972 and subsequent
sampling in 1990 it was possible to estimate half-lives for
soils: 7.4 years for tri-CNs, 13.1 years for tetra-CNs, 35.3 years
for penta-CNs. Hexa- and hepta-CNs did not degrade at all.

QSAR-based BIOWIN model

Tetra- to octa-CNs - all 4 sub-modules indicated half-life in water
>182 days, tri-CNs — 3 sub-modules indicated half-life in
water > 182 days and one below.

Mono- and di-CNs — 2 sub-modules indicated half-life in water >
182 days and two below.

Empirical evidence of presence of PCNs in Arctic air and biota
from remote regions.

% Research Centre for Toxic Compounds in the Environment 28
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Charakteristiky PCNs

Bioaccumulation

Congeners Mono Di Tri Tetra Penta Hexa  Hepta  Octa

Log Ky 3,9 4,66 5,35 6,19 6,87 7,58 8,3 6,42
BCF

Congeners Mono Di Tri Tetra Penta Octa
BCF (carp, 191- 2 300- 4700 - 8 700 - 10 000 316
guppy, trout) 4 300 11 000 27 000 33100

Empirical evidence of increasing total CN concentration as
trophic level increases — Arctic marine food chain (krill,
icefish and south polar skua).

Research Centre for Toxic Compounds in the Environment
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Charakteristiky PCNs

Estimated atmospheric half-lives

Modelling data shows that CN-47 (tetra-CN) can undergo a
transport distance in Europe of over 2000 km

Potential for long-range environmental transport

Congeners Mono Di Tri  Tetra Penta  Hexa Hepta Octa

T1/2 (days) 1 1-3,62 8 18 40 89 189 417 - 437

CNs have been detected in air and biota in the Arctic, Antarctic
and other regions that lack significant local sources of CNs

Research Centre for Toxic Compounds in the Environment
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Charakteristiky PCNs

Mammalian toxicity

CN poisoning of cattle causing a disease called bovine
hyperkeratosis

Oral dose of hepta-CNs or octa-CNs of ca. 1.0 mg/kg bw per day
for 7-11 days resulted in severe disease

Oral exposure of pigs to hexa-CNs (19-22 mg/kg bw per day for
10 days) caused degeneration of kidneys and liver and
mortality

Exposure of humans to CNs is associated with chloracne and
lethality, however it cannot be ruled out that this was caused

bv other contaminants

Research Centre for Toxic Compounds in the Environment 37
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Charakteristiky PCNs

Aquatic toxicity

Mono- and di-CNs: LC50 of 0.69-2.4 mg/L for acute fish test and
0.37-2.82 mg/1 for crustaceans acute test

According to UN GHS - Very toxic for the aquatic organisms

No toxicity was observed in the tests with octa-CNs

Research Centre for Toxic Compounds in the Environment
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- smesmi Halowax)
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Toxické ucinky PCNs (zejména po expozici

Druhové-, pohlavné-, tkafiové- a Vekove-speciﬁcké ucinky

Soubor biochemickych ucinkt ovliviiujicich Ah receptor
(e.g., CYP1AI indukce)

Syndrom chfadnuti
Imunosuprese
Chlorakne

Zvétsovani jater a nekrozy, smrt (Clovek)

Research Centre for Toxic Compounds in the Environment
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TCDD TEQs PCNs (EC-50TCDD/EC-50CN

PCN

2-CN
1,4-DiCN
2,4-OH-CN
2,7-DiCN
1,2,7-TrCN
1,2,4,7-
1,2,6,8-
1,3,5,7-

1,2,3,5,7-
1,2,3,6,7-
1,2,3,7,8-
1,2,4,5,6-
1,2,4,6,7-
1,2,4,6,8-
1,2,3,4,5,6-
1,2,3,4,5,7-
1,2,3,4,6,7-
1,2,3,5,6,7-
1,2,3,5,6,8-
1,2,3,5,7,8-
1,2,3,6,7,8-
1,2,3,4,5,6,7-

H4II-EROD
<0.0000002
0.0000000051
0.000000033
<0.00000042
<0.00000084
0.00000042

<0.0000042

0.0000042
0.000092
0.000024
0.0000017
<0.00000042
<0.00000042

0.00061
0.00028

0.002
0.00040

HA4II-EROD

0.002
0.00002

0.002
0.002
0.002

0.003

H4II-luc

0.0000002

<0.00069
0.00049
0.0000037
0.000028

0.0024

0.0095
0.0006

H41I-luc

<0.00000069
0.000016
<0.0000069

0.00017

0.0039
0.001
0.00015

0.00059
0.001

Research Centre for Toxic Compounds in the Environment
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Halowax1031

Toxické necistoty v
technickych smésich

-

Halowax1000

-

PCDDs homologicky

skupinovy profil (%) smési
v ax1096 Halowax - HRGC/HRMS
- I data (Noma et al., 2004)
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Composition (%)
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smési Halowax -
HRGC/HRMS data
(Noma et al., 2004)

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

36



a5

30

Halowax1031

(%)

is5

45
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MoCBs DiCBs TrCBs TeCBs PeCBs HxCBs HpCBs OcCBs NoCBs DeCB
Halowax1000
[
MoCBs DiCBs TrCBs TeCBs PeCBs HxCBs HpCBs OcCBs NoCBs DecCB
Halowax1001
MoCBs DIiCBs TrCBs TeCBs PeCBs HxCBs HpCBs OcCBs NoCBs DeCB
Halowax1013
MoCBs DiCBs TrCBs TeCBs PeCBs HxCBs HpCBs OcCBs NoCBs DecCB
Halowax1099
MoCBs DiCBs TrCBs TeCBs PeCBs HxCBs HpCBs OcCBs NoCBs DeCB
Halowax1014
MoCBs DiCBs TrCBs TeCBs PeCBs HxCBs HpCBs OcCBs NoCBs DeCB
Halowax1051
MoCBs DiCBs TrCBs TeCBs PeCBs HxCBs HpCBs OcCBs NoCBs DeCB

PCBs homologicky skupinovy
profil (%) smési Halowax
- HRGC/HRMS data
(Noma et al., 2004)
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Relative abundance
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Necdistoty v technickych smésich PCN ?

Co bylo nalezeno v Halowaxes: 1031, 1000, 1001, 1099, 1013, 1014 a

& & & F & & & F 6

1051

75 PCDDs: 1.5 - 370 ng.g'; median 20 ng.g!

135 PCDFs: 250 - 16 000 ng.g*'; median 2 800 ng.g!
209 PCBs: 220 - 640 000 ng.g*'; median 2 700 ng.g"!
19 CPhs: 1 050 - 34 200 ng.gl; median 1 350 ng.g!
12 CBzs: 1100 - 9 800 ng.g™!; median 1400 ng.g!
PCDDs: 0,00068 - 0,95 ng.g1

PCDFs: 1,3 - 210 ng.g!

Planar PCBs: 0,00029 - 0,67 ng.g"!

PCNis: 2 800 - 220 000 ng.g™! (na zakladé limitovanych
TEFSs dat z bioassays)
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Odhadovana produkce PCDDs, PCDFs, PCBs, PCPs a PCBzs dana
vyrobou technickych smési PCN béhem XX. stoleti

Celkové:

PCDDs: 3,0 kg (median)

PCDFs: 420 kg (median)

PCBs: 40,5 kg (median)

CPhs: 42 kg (median)

CBzs: 3,0 kg (median)

Technicky PCNs: > 150 000 000 kg

R R R
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Nalezené koncentrace [pg.m~] PCNs ve spodni
troposféfe na riznych mistech planety

Region Obdobi Koncentrace Reference
Arktica a Skandinavia 1994 10-46 Harner et al. 2000
Severni Atlanticky Ocean 1994 29-71
The British Isles 1994 34-340
Evropa 1994 22-170
Chicago, USA 1994 24-180
The British Isles 1998 22-160 Lee et al. 2002
The British Isles 1999 27-140
The British Isles 2001 85-100 (31-310)
Toronto, Canada 2001 7-84 Helm & Bidleman, 2003
Toronto, Canada 2001 31-78
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Nalezené koncentrace [pg.g”! d.m.] PCNs v pudach na
raznych mistech planety

Oblast a typ pady Pocet vzorkt Koncentrace Reference
Evropa, Bavorsko, Bayeruth
Venkovské oblasti 6 130 (<0.1 - 290) Kraus & Wickle 2003
Zemédelské
Nivni louky 3 440 (70 - 820)
Pastviny 6 130 (<0.1 - 820)
Mé¢éstské olasti
Zemédélska 4 100 (<0.1 - 510)
Nivni louky 10 1600 (350 - 1 700)
Zahrady 10 3 600 (290 — 15 000)
Jiné 460 — 1 900 median
USA, Georgia
VytéZena kontaminovana ptida 1 18 000 Kannan et al. 1998
5‘““5”“’@.& (@) Research Centre for Toxic Compounds in the Environment 42
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Relativni koncentrace PCN kongenert (pstruzi, the Great
Lakes) (Kannan et al. 2000)

100
80 | Lake Huron
60 1
40 1 !
20 1 E

0 - [ T

100
80 |
60 |
40 1

2], Laa. s 1NTH

Lake Michigan

100
80 1 Siskiwit Lake

Relative concentration

o <
—
<
—

16
13
22,23
44
27,29
39
38
40
31
52,60
61
51
54
53
59
56
66/67

33,34,37

Chloronaphthalene congener No.
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Koncentrace PCNs [pg.g! tuku] lidsky podkozni tuk

Z.emé Rok
Kanada 1993
Svédsko 1998

Japan-Tokyo  1973-

Japan-Ehime 2000
Japan-Osaka 2000
Japan-Fukuoka 1995
Japan-"Yusho”

Rusko-Saratov 2000
Kazachstan 2000
FRG 2000

n
16

7

74 10

15

30

Primér Rozsah
100 - 2400

2200 1000- 3900
6 500 2800 - 17 000
59 000 3200 - 10 000
32 000 2 000 - 250 000
Not detected

1400

8 800 4100 - 14 000

7 700 2000- 18 000

2100 - 12 000 (900 — 35 000)

Research Centre for Toxic Compounds in the Environment
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CPs (polychlorované n-alkany)

Nov¢ polutanty, sumarni vzorec C H, ., Cl

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

Uziti:
Svétova produkce 300 000 tun/rok, rocni narast produkce o 1%

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

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

% pfi vyrobé barviv, tmelu, adhesiv aj.

Research Centre for Toxic Compounds in the Environment
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CPs (polychlorované n-alkany)

Chloroparaffins
(CPs or PCAs)

- These diagrams show the general structures of
hydrogen atom =
which can be \
replacedbya | “' | thalenes and chloroparaffins. The carbon chains of
chlorine atom (i}

polychlorinated terphenyls, polychlorinated naph-

chloroparaffins vary in length.

Research Centre for Toxic Compounds in the Environment
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CPs (polychlorované n-alkany)

Deéleni dle délky fetézc:

SCCPs (Short chain chlorinated paraffins C10-13)

CAS No: 85535-84-8;

TUPAC Name: Alkany, C10-13, chloro

Molekularni vzorec: CH,, 1 ,Cl, kdex =10az13ay =1az x

Research Centre for Toxic Compounds in the Environment
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CPs (polychlorované n-alkany)

MCCPs (Medium chain chlorinated paraffins C14-17)

CAS No: 85535-85-9
TUPAC Name: Alkany, C14-17, chloro
Molekularni vzorec: C.H,, ., Cl, kde x =14-17 ay = 1-17

C14HZ4C|6

C17|_|29C|7

Research Centre for Toxic Compounds in the Environment
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CPs (polychlorované n-alkany)

LCCP (Long chain chlorinated paraffins C18-30)
Dle % chlorace: 40-50%, 50-60%, 60-70%

=> ! Tisice latek v__technickych smésich !!!

Vzhledem k mnoZstvi sloucenin v technickych smésich
existuji pouze prvotni informace o kontaminaci ZP
chlorovanymi parafiny

Doposud nebyly publikovany chiralni separace CPs

Nejcastéji jsou CPs stanovovany v biotickych matricich,
v sedimentech v koncentracich ~ ppb, ppm, stanoveny
byly také v atmosféfe ve Velké Britanii ~ ppt

Research Centre for Toxic Compounds in the Environment 49
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CPs (polychlorované n-alkany)

Dosavadni studie — pfevazné biotické matrice, sedimenty,
ojedinéle atmosféra (HRMYS)

Evropa — UK, SRN,;, Svédsko, éV}'fcarsko, CR - RECETOX a
VUYV Praha

(61. na¥izeni vlady CR o ukazatelich a hodnotach p¥ipustného
znelisténi vod, imisni koncentrace SCCP 0,5 ug/1)

Svét — USA, Kanada, Japonsko

Research Centre for Toxic Compounds in the Environment
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Pro¢ monitorovat chlorované parafiny ?

Znacné objemy CPs emitované do prostiedi a jejich persistence

Pretrvavajici chemicka vyroba CPs — Novacké chemické zavody,
SR - SCCP, MCCP; CP12, CP15 40-64%Cl

Pfiprava zafazeni CPs na listinu latek sledovanych v ramci
monitoringu Convention on Long-range Transboundary Air
Pollution POPs Protocol, Evropa

Zatazeni do seznamu latek Environmental Protect Agency’s
(EPA) Toxic Release Inventory (TRI) v USA, i v Kanadé
(Environment Canada’s Priority Substances List)

Research Centre for Toxic Compounds in the Environment
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CPs (polychlorované n-alkany)

42 vzorkt sedimentu - Kosetice (14), Zlin (10), Beroun (18) -
2001/2002

«GC-ECD

Scan 72-0:56 to 92-1:13. Entries=276. 100% Int.=19615.
Y%age 5

408.7) 458,7

.y

703
1 9
i 360.7

4927

50

4“': 260.9

304

»SCGC/ECNI-MS

103 5680.6 630.6
4 \\' \

CeIeCIOI' 63L ﬂ— I||\\\|I||I\\\|

200 250 300 350 400 450 500 550 600 Mjz
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CPs (polychlorované n-alkany)

Kosetice: Y C;-C;5: 24 — 45,78 ng.g! s.v.

Zlin: > C,,-C;: 16,30 — 180,75 ng.g! s.v., (6 vz. > 100 ng.g™! s.v.)

Beroun: } C,,-C,;: 4,58 — 34 ng.g’! s.v. (jen v 5 vzorcich)

Koncentrace SCCP ng/g s.v.

400

350 A

300 A

250

200 4

150

100 ~

50 A

Nejvice CPs

SC10 M3YCll E3C12 m3C13

7, 8,9 Cl atom1
Molekuly:
CyH,;;Cly,
CH;Clg,
CyH,5Cly

| _emlim

KosSetice Kosetice 2Zlin 2001 Zlin 2002 Beroun Beroun

2001

2002 2001 2002
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CPs (polychlorované n-alkany)

Koncentrace SCCP v sedimentech
Zapadni Evropa: 45-62% chlorace

CR: 60-70% chlorace

Kanada: 60-70% chlorace

30000 40000 600
1 000 % % /
1 000 % / /
% . ‘
o 0 n
8 176 181 % / .
8
A . / /
5
ol W Ul ) i / | / /. A /- L
5 & Py %Q_é oco?“ & (OQ_% 0&\1.0 X 9\.{:& 06?‘ 0\‘{_&
& o S
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CPs (polychlorované n-alkany)

Zaver
Celosvétova rocni produkce CPs ~ 300 000 t
Rocné 1% nartst, od 80. let nahrada PCBs

«  Koncentraéni hladiny SCCP v CR: 4,58 (Beroun) - 180,75
ng.g1s.v. (Zlin)

* Nejvice zastoupeny C11 se 7, 8, 9 atomy chloru

e % chlorace SCCP v sedimentech z CR 60-70%

Nedostatek informaci o CPs s vysokym bioakumulac¢nim
potencialem v ZP vyZaduje vice analyz a testt

Research Centre for Toxic Compounds in the Environment
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Flame retardants — zhasecCe hofeni

%  Nehoflavé materialy, pro sniZeni nebezpeci pozaru,
interference se spalovacim procesem

%  Siroké pouziti v fadé produktii: umélé hmoty, textil, pény...

% Bromované retardéry hofeni - BFRs: nejlaciné;si alternativa -
40 % celkové produkce retardéri

Research Centre for Toxic Compounds in the Environment
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Polybrominated diphenyl ethers (PBDEs)

% Polybromodiphenyl ethers (PBDESs) are a group of industrial
chemicals which have been widely used as additive flame
retardants since 1970s.

%,  PBDESs were produced at three different degrees of
bromination: commercial Pentabromodiphenyl ether (c-
PentaBDE), commercial Octabromodiphenyl ether (c-

OctaBDE) and DecaBDE O
Br --Br,

v 32 e A
i, 7
5 hitek ""‘ & y y oo

1 s 'Ih v B TErT Nl
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Struktura

PBDEs HBCD DBDPE
O Br
Brm-- ---Brn Br
Br
Br Br
Br
BTBPE
Br Br
O—CHo=— CHo—
Br Br Er Br

Research Centre for Toxic Compounds in the Environment
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Vlastnosti a toxikologie

& & &6

Obecné jsou silné lipofilni, s velmi malou rozpustnosti ve
vodé a nizkou tenzi par

U PBDE zavisi vlastnosti na stupni bromace a substitu¢nim
vzorci — s rostoucim pocCtem atomu Br roste log K_ (5,9 — 10)
a klesa tenze par a rozpustnost

Mechanismus protipoZarniho ucinku — termickym rozkladem
retardantu vznika Castice HBr, ktera reaguje s radikaly v
plameni (OH-, H*), vysledny halogenradikal ma mensi
potencial k propagaci radikalové oxidace v plameni

Obecné velmi mala akutni toxicita

Vliv na homeostazu thyroidnich hormoni

Toxicita pro vodni organismy (HBCD)

Pfi vyrobé, pouZiti a recyklaci materialu obsahujicich PBDEs

muze dojit k tvorbé PBDDs/Fs

Research Centre for Toxic Compounds in the Environment 59
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Vyroba a pouZziti

% Produkovany v USA, Evropé (Velka Britanie, Belgie,
Nizozemi, Némecko, Rakousko, Francie) a Asii (Japonsko,
Cina) v mnoZstvi desitek tisic tun roéné

%  Pfisady do polymerti — reaktivni (I'BBPA) nebo aditivni
(PBDE, HBCD); pfima aplikace na textil

Y% Epoxidové pryskyfice, polyestery, polyuretanové pény, textil,
elektronika, izolaCni materialy, vefejné budovy, interiér
dopravnich prostfedku

Technicka Kongenerové sloZeni (%o)

Smes tetra penta hexa hepta okta nona deka
pentaBDE | 24 -38 | 50 -60 4-8
oktaBDE 10 - 12 44 31-35 10-11 <1
dekaBDE <3 97 - 98

Research Centre for Toxic Compounds in the Environment
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Vyroba a pouZziti

Dominatni kongenery jsou BDE-47, 99, 100, 153, 154, 183 a
209

Technicka smés HBCD obsahuje tfi diastereomery — o (10-13
%), B (1-12 %) a y (75-89 %), v bioté pfevlada « (>80 %)

Omezovani vyroby — PBDE v EU zakazané; HBCD
pfedmétem Stockholmské konvence o POPs

Research Centre for Toxic Compounds in the Environment
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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.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

62



Polybromované difenylethery (PBDEs)

The formula is thus C, H,(Br,, O, where x + y ranges from 1 to 10. When the different possibilities of geometric
isomers are taken into account there are 209 possible individual congeners, as with polychlorinated biphenyls
(PCBs) and they are numbered according to the position of the bromine atoms on the ring using the same
IUPAC system as that used for numbering PCBs and similarly the nomenclature proposed by Ballschmiter for
PCBs is also used for PBDE (Ballschmiter & Zell 1980). The total number of possible isomers for mono-, di-, tri-
up to decabromodiphenyl ethers are: 3, 12, 24, 42, 46, 42, 24, 12, 3, and 1, respectively (WHO & IPCS 1994).

@D
PentaBDE =
A Product Composition
- m
5
a
5] PBDE? TrBDE TeBDE PeBDE HxBDE HpEDE OBDE NEDE DeBDE
I l' Jh
_— L N U PSR — DeBDE 0.3-3% 97-98%
10:00 12:00 14:00 OBDE 10-12% 43-44% 31-35% 9-11% 0-1%
@ PeBDE 0-1% 24-38% 50-62% 1-8%
) b
' TeBDE 7.6% — 41-41.7% 44.4-45% 6-7%
OctaBDE i =
2 |7 u
2 a
w1 a2 w
8 g ]
g > . . .
: Composition of commercial brominated diphenyl ethers (WHO & IPCS
c
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Chromatograms of three PBDE
commercial products (from
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Polybromované difenylethery (PBDEs)

The POP-BDE and the most commonly reported congeners
(USEPA 2010) are:

PBDE Congenerts

TetraBDE 47, 49, 66, 71, 75, 77

PentaBDE 85,99, 100, 105, 116, 118, 119, 126,
138, 140

HexaBDE 153, 154, 155, 166

HeptaBDE 181, 183, 190

It is likely that each of the congeners listed in this table has been
a component of one of the Penta or OctaBDE commercial

mixtures at some stage, albeit possibly at very low levels, and
that all are thus Stockholm POPs.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

64



Brominated flame retardants

hydrogen atom /™,
whichcanbe [ .
replacedbya | “' |
bromine atom \.‘@ o

By the bromination

of biphenyl and of di-
phenyl ether, itis in
theory possible to pro-
duce 209 different con-
geners of PBBs and the
same number of PBDEs,
respectively. The top
two diagrams illustrate
the general structure
of these brominated
molecules.

Tetrabromobisphenol-A
is now the most widely
used of the brominated
flame retardants.

Polybrominated biphenyls (PBBs)

Tetrabromobisphenol-A (TBBP-A)

Flame retardants —
zhaSecCe hofeni

JERS/
N 7

Q% '70\.
= ®
% 2
7,

%, &

“ranp B
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Mechanismus zhaSeni hofeni

Teplo (narust teploty) = rozklad FRs (dfive neZ rozklad
‘ matrice polymeru) = vstup produkta zabrafiujicich /
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 spliluji tento pozZadavek

/ reaktivni
——~— aditivni

2 typy FRs

Research Centre for Toxic Compounds in the Environment
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Aditivni zhasSecCe hofeni

PEDES

(DeBDE - 75 %)
Br Br

Komercni technické smési obsahujici PBDEs: BROMKAL 70,
DE - 71, FR 1205....)

ech 3

Br Br

Research Centre for Toxic Compounds in the Environment
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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:

Research Centre for Toxic Compounds in the Environment
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Fyzikalné-chemické vlastnosti PBDEs

Molekulova Rozpustnost ve
BDE de 11
skunina hmotnost LogK_ _ | Stav | Vo@€ [mg.", | Bod varu [°C]
up [(g.mol‘l] 25°C]
TetraBDEs 485,8 587-6,16 | 1 0,07 Neni -
dostupny
-7
PentaBDEs 564,9 6,64—6,97 | s 2.10 > 300
Neni
HexaBDEs 643,6 6,86—-7,92 | 1 4.10°3 ,
dostupny
DecaBDE 959,2 9,97 S 0,02 - 0,03 310

Research Centre for Toxic Compounds in the Environment
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Hlavni pouZiti aditivhich BFRs

DekaBDE — nejrozsifenéjsi aditivni typ pouZivany ve vysoce
resistentnich polystyrenech, termoplastech, polyolefinech,
PVC, elastomerech a textiliich

Dalsi PBDEs — izolace kabela a rozvodi, elektronické spoje,
stavebni materialy (stény, stfechy), balici material

HBCD - polystyrénové pény a textilie

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

70



Reaktivni zhasece hofeni

meepA @ o : o

Hlavni pouziti tetrabromobisfenolu (TBBPA):
% Epoxy pryskyfice — pro tisténé spoje v pocitacich

%  Fenolové pryskyfice

Research Centre for Toxic Compounds in the Environment
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Vyroba BFRs v t.r'! (2001)

Kontinent PeBDE OcBDE DeBDE TBBPA HBCD

Evropa 8 290 1375 24 300 21 600 3100
Asie 210 450 7 500 13 800 8 900
Amerika 0 2 000 23 000 85900 3 900

Celkem 8 500 3 825 54 800 121 300 15 900

Research Centre for Toxic Compounds in the Environment
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Brominated Flame Retardants (BFRs)

PBDEs: added into plastics or as impregnation of fabrics,
technical mixtures of various bromination degree

vastly used in North America and Asia

their use was banned, however EU regulation ALLLOWS use
of recycled plastics containing PBDEs (Directive

2002/95/EC, ammended)

HBCDDs: additives in polystyrene foams (EPS, XPS),
extensive use in Europe

more isomers, o, B, v, 8, &, used again as technical mixture,
where y-HBCDD prevails ! A

nt Re 4

D(\«\e :e% . i X“
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Novel Brominated Flame Retardants

after restrictions and removal of PBDEs —non-PBDE BFRs

needed
little information available on their levels of production and

their uses
different applications as a result of their physico-chemical

properties

Br Br Br Br

Br Br Br

O Q
O/\/ Br O
Br

Br Br Br BI’ BI'

Br Br

BTBPE DBDPE

1,2-Bis(2,4,6-tribromophenoxy)ethane

1,2-bis(pentabromophenyl)ethane

Research Centre for Toxic Compounds in the Environment
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Novel Brominated Flame Retardants

CH3 CH3 C2H5 Br
Br Br Br Br Br Br Br Br
Br Br Br Br Br Br Br Br
CH
3 Br Br Br
pITBX PBT PBEB HBB
2,3,5,6-Tetrabromo-p-xylene Pentabromotoluene Pentabromoethylbenzene

Hexabromobenzene

Br Br Br Br Br
@)
O e o
Br Br Br Br

Br Br
BATE DPTE ATE
2-Bromoallyl 2,4,6-tribromophenyl ether 2,3-Dibromopropyl 2,4,6-tribromophenyl ~ Allyl 2,4,6-tribromophenyl ether
Br O ether B O
Br
O/\,(\/\ Br O/\(\/\
O
Br Br
Br O Br
. , EHTBB
B BEHTBP tre for Toxic Compou
&"IAN

Bis(2-ethyl-1-hexyl)tetrabromophtalate

2-Ethylhexyl-2,3,4,5-tetrabromobenzoate 72
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POP-BDESs in the Stockholm Convention

= The COP decided at the fourth meeting to list in Annex A
certain congeners contained in commercial
pentabromodiphenyl ether (c-PentaBDE) and/or commercial
octabromodiphenyl ethers (c-OctaBDE) including
tetrabromodiphenyl ether, pentabromodiphenyl ether,

hexabromodiphenyl ether, and heptabromodiphenyl ether
(POP-BDES5s).

Prominent POP-BDE congeners

Ard, ded, el

BDE-154 BDE-183
VERS/ e Rese,,
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Tetrabromodiphenyl ether and pentabromodiphenyl ether

Originally proposed as: “Commercial mixture of
pentabromodiphenyl ether”

Br Br
C,H.Br,O | |
O
Br Br

Br Br
O
C,H:Br.O
Br Br
Br
Research Centre for Toxic Compounds in the Environment 777

http:/ /recetox.muni.cz



Commercial mixture of pentabromodiphenyl ether

Structure Congener Name Fraction
Br Br
/Ej/a 2,2' 4 4' 5-penta- o
Br \(;LE" BDE-99 bromodiphenyl ether 4549 %
Br Br v '
BDE-47 2,2 44 tetra- 38-42 %
bromodiphenyl ether
Br Br
*  BDE-85 2,234, 4-penta- 2.2-3.0 %
. N bromodiphenyl ether
BDE-100 2,2,44,6-penta- 7.8-13 %
bromodiphenyl ether
Br Br Br
BDE-153 2,2,%4,5,5-hexa- 5.3-5.4 %
B B bromodiphenyl ether
/@f BDE-154 2,2,4,4,5,6-hexa- 2.7-4.5 %
N ., N bromodiphenyl ether

S

N o Bre . . .
R aN\§ Research Centre for Toxic Compounds in the Environment
z a 5
‘ML‘? (‘)
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Tetrabromodiphenyl ether and pentabromodiphenyl ether

Past use: Most commonly used as a flame retardant in flexible polyurethane foam (PUF);

also used in printed circuit boards. The annual demand worldwide was
estimated as 7,500t in 2001, (US: 7,100t, Europe 150t, and Asia 150t)

Currently: There should be no current production of commercial pentaBDE in Europe,
Japan, Canada, Australia and the US; however, it is possible that production
continues elsewhere in the world.

Alternatives:  Some known alternatives e.g. triphenyl phosphate, tribromoneopentyl alcohol,
tris(1,3-dicholoro-2-propyl)phosphate
- Guidance on feasible flame-retardant alternatives to commercial
pentabromodiphenyl ether (POPRC 2008)
- Environmental Profiles of Chemical Flame-Retardant Alternatives for
Low-Density Polyurethane Foam (USEPA 2005)

Research Centre for Toxic Compounds in the Environment 79
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Tetrabromodiphenyl ether and pentabromodiphenyl ether

DEFINITION

“Tetrabromodiphenyl ether and pentabromodiphenyl ether” means:

o 22" 4 4'-tetrabromodiphenyl ether (BDE-47, CAS No: 40088-47-9) and

o 2,2'44 5-pentabromodiphenyl ether (BDE-99, CAS No: 32534-81-9) and
* other tetra- and pentabromodiphenyl ethers present in commercial

pentabromodiphenyl ether.

- Listed in Annex A (Elimination)

- Exemption for production: none

—> Exemption for use: may allow recycling of articles that (may) contain the

chemicals, and the use and final disposal of articles manufactured from
recycled materials that (may) contain the chemicals

(SERS/, P G N . N .
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Hexabromodiphenyl ether and heptabromodiphenyl
ether

Originally proposed as: “Commercial mixture of
octabromodiphenyl ether

Br Br
C,H:Br,O

Br Br
Br Br

Br Br
O Br
Br Br Br
Br
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Commercial mixture of octabromodiphenyl ether

Structure Congener Name Fraction
Br Br
) Br
2,2'3,4,4' 5 6-hepta-
> Br y y bromodiphenyl ether
BDE-175/183 13-42 %
i I 2,2'3,3'4,5',6 heptabromodiphenyl
Br O Br
IO cthe
Br Br Br
Br Br
BI/E“:?/G @Br 2,2',4,4'5,5"-hexa-
& B BDE-153 bromodiphenyl ether
Br Br 015—87 O/O
/ET BDE-154 2.24.4'5 6 hexa-
Br Br Br bromodiphenyl ether

Br
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Hexabromodiphenyl ether and heptabromodiphenyl
ether

Past use: Most commonly used as a flame retardant in flexible polyurethane foam (PUF);

also used in printed circuit boards. The annual demand worldwide was
estimated as 7,500t in 2001, (US: 7,100t, Europe 150t, and Asia 150t)

Currently: There should be no current production of commercial pentaBDE in Europe,

Japan, Canada, Australia and the US; however, it is possible that production
continues elsewhere in the world.

Alternatives: Some known alternatives e.g; triphenyl phosphate, tribromoneopentyl alcohol,

tris(1,3-dicholoro-2-propyl)phosphate

- Guidance on feasible flame-retardant alternatives to commercial
pentabromodiphenyl ether (POPRC 2008)

- Environmental Profiles of Chemical Flame-Retardant Alternatives for
Low-Density Polyurethane Foam (USEPA 2005)
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Hexabromodiphenyl ether and heptabromodiphenyl
ether

DEFINITION

“Hexabromodiphenyl ether and heptabromodiphenyl ether” means:

« 2,2'4 455" - hexabromodiphenyl ether (BDE-153, CAS No: 68631-49-2),

¢ 2,2'44'5,6"-hexabromodiphenyl ether (BDE-154, CAS No: 207122-15-4),

¢ 2,2'.3,3',4,5",6 heptabromodiphenyl ether (BDE-175, CAS No: 446255-22-7),

* 2,2'3,4,4'.5",6-heptabromodiphenyl ether (BDE-183, CAS No: 207122-16-5) and

* other hexa- and heptabromodiphenyl ethers present in commercial octabromodiphenyl

ether.

—> Listed in Annex A (Elimination)

- Exemption for production: none

- Exemption for use: may allow recycling of articles that (may) contain the
chemicals, and the use and final disposal of articles manufactured from
recycled materials that (may) contain the chemicals




Vyskyt v prostfedi

1979 (USA) — detekovan v ptidach, povrchové vodé a kalech
80’s — nalezy v dalsich zemich

Vyskyt v bioté vcetné lidskych tkanich

Sedimenty — dominantni BDE 209 (94 - 96 %)

Biotickeé vzorky — nejvyssi koncentrace BDE 47 (hlavni sloka
technickych smési); BDE 99, 100, 153 a 154 obvykle také
detekovany ve vysokych koncentracich

BDE 209 nedetekovan = degradace
= bionedostupny

ont Res,
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Typicka mnozZstvi BFRs v prostfedi

Typ vzorka Oblast 2. PBDEs Rok
USA (Chicago) 6,9 — 77 pg.m? 2000
Ovzdusi -
Svédsko 1-8pgm 1997
Holandsko 5500 ng.g! 1998
(nékolik fek) suchého sedimentu
Sedimenty T -
Baltické mofe LTSS 2000
suchého sedimentu
Stika Svédsko 85— 170 ng.o™! tuku 1997
Bream Holandsko 0.2 — 130 ng.g! ryby 2001
Kapr USA 13 - 22 ng.g’! ryby 2000
Lidsky podkozni tuk Svédsko 3.8 -16 ng.g! tuku 1997
Tkat lidskych jater Svédsko 6 - 14 ngg! tuku 1999
Némecko 0.6 - 11 ng.g’! tuku 1988
Matefské mléko
Finsko 0.88 - 5.9 ng.g’! tuku 2000
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http:/ /recetox.muni.cz

86



Svétova vyroba PeBDE a hladiny vyskytu PBDE v
arktickych organismech

Worldwide penta-BDE production,

tonnes/year
10000 b FEDE concentration, ng/g lipid weight
C1or ® Froduction -
B ® Eeluga -
| 0 Ringed s=al
12 |
5000
gL
: 4 o
oL ol= | | | |
1980 1085 1940 1045 2000
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Zmény v Casovych trendech
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1940 1950 1960 1970 1980 1990 2000

PBDEs: Anna Palm (Pers. Comm.) PCBs: Breivik et al (2002)
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Globalni spotfeba BFRs

Global consumption of brominated flame retardants (BFR)

tonneslyear
350 000
Penta30DPE pentabromodiphenylethers
300 000 OctieBOPE cotabromodiphenylethers
DecaBOPE  decabromodiphenylethars
TEEPA tatrabromobisphencl As
BFR total consumption of all
230000 orominated flame retardants /
O 1991
200 000 4
(| 1049
150 000 4 f trend {aluEE of arrow is proparicnal
to rate of increase or decrease)
100 000 4 /
o / ~ 1
] ——I —_
PantaB0OPE OctaBOPE DecaBOPE TEBEBRA BFR
o881 4 000 & 000 30 000 41000 145 000
nREEE] & 500 3825 54 800 121 300 310 000
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Globalni spotfeba PeBDE

PeBDE Emission in 2005
(Unit: kg/cell)

Il 1.000. to 21.000
B 100to 1.000
10 to 100
1to 10

<1

Global gridded PentaBDE emission in 2005 on a 1° latitude
by 1° longitude resolution (trial output) (Li et al. 2010b)
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Transformacni produkty BFRs v prostfedi

%  hydroxy bromované difenyl ethery pfirodné pfitomné v
prostfedi - produkované houbami Dysidea herbecea or
Phylospongia falascens

% methoxy bromované difenyl ethery nalezené ve volné Zijicich
organismech - produkované Phylospongia foliascens

C Vymyvani ze skladek

Antropogenni

zdroje
S | Béhem spalovani (Br dioxiny ?)

Research Centre for Toxic Compounds in the Environment
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Mozné mechanismy vzniku PBDDs/PBDFs z
dekaBDE

E : ;
B]—S Br5
o
Br Br
X Y . o
s
o . b PBDF Br,
+H - -HBr
(L Br}
Bry Bry, +(O)
X
——— 1 O
13- £ _ -2 HBr
ey |
1 Br [_LD O
Bry Bry BrD Br5
BBDD
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Mozné mechanismy debrominace PBDEs

Octa 197 Octa 203 Octa 196
Br Br er
peaped LI BeB e
8Br Br Br Br er Br Br Br Br Br
Br Br
ANAS195 ~ ANAS195 \ ANAS195 SANAS1ES ANAS195| ANAS195 ANA5195| ANAS1 ANAS195
D.h D.h D.h D.ha b . h D. hafniens D. hafniense
D. restrictus D. resmcrus\ D. restrictus D. restrictus D. restrictus D. restrictus D. restrictus
Hepta 184 . o
Hepta 176 Hepta 187 Hepta 183 Hepta 180 Hepta 182 Hopka 67 Hepta 175

Br Br Br Br 8r Br Br Br Br Br Br Br Br Br Br
arji:(oj@/s« B’ﬁoﬁ\ Br o. B i o Br. o Br o t Br ojij(e, r oji):ar
3¢ Br Br 8r B¢ Br 8r &r B | ge Br Br Br Br Br Br Br Br Br Br Br 81

Br Br Br Br 8r Br Br Br
ANAS195 ANAS195 ANAS195 ANAS195
D. h D.h D. h D. hafniense
D. rey D. restrictus D. restrictu. \ D. restrictus
Hexa 154

Hexa 153 Hexa 144
Hexa 139 Hexa 149 Br Br Br Br Br Br
Br Br Br Br o. 0. Br. O,
Br o. Br. 0. /@[ j@[
B B Br Br Br Br Br Br Br
Br Br Br r r Br Br Br Br
Br
ANAS19S5 ANAS195 ANAS195

D. hafniense
D. restrictus

D. hafniense
D. restrictus

Penta 101 Penta 118

Penta 99
Br Br Br Br
Br Br Br Br \Q\Br
Br Br Br
ANAS19S
D. h D.
D. restrictus D. restrictus

Tetra 49 Tetra 47 Tetra 48 Tetra 66
Br Br Br Br Br 8r
pell - - Weaclsnel
& [Br Br &r Br Br
er i Br
ANAS19S5, ANAS195
D l:alnly \
D. restrictus
Tri28
gr 117 g Br

JeacilPsneN

Suggested PBDE debromination pathway (Robrock, Korytar et al. 2008)
Asterisk (*) indicates congener that is presumptively identified due to lack of available standards.

ANAS195
D. h.

D. restrictus.

Br
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Moziné mechanismy debrominace PBDEs

Excreted as
parent
compound recduction

Z=for?

'.

8]
Arene epoxide
intermediate ST——
B, Br,
Br- 2Br!
I Kty=7or8

8] Br Br
OH o e

o Br OH
o Br

{OE[}Q \Q Xey=560r7
I/ Methyl donor

Br

0 Br
OE[Q X+y=56or7

CH-O Br, Br,

Alternative PBDE debromination pathway derived by USEPA (USEPA 2008b) (Huwe
& Smith 2007, Sandholm et al. 2003 and Mérck et al. 2003)
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Mozné mechanismy debrominace PBDEs

r Br
Er Br Er

BDE-100 (59.521)

‘// \

BDE-47 (50.444) BDE-50 (54.070) BDE-51 (53.215) BDE-TS (51.817)

AN /J
O O, L,

BDE-17 (44.757) BDE-28 (42.4486) BDE-20 (46.048) BDE-32 (44.531)

Br

BDE-7 (36.750) BDE-& (36.238) BDE-15 (33.244)

Proposed debromination pathways of BDE 100, 75, 47, and 28

(Keum & Li 2005)
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Vyskyt PBDEs v prostredi

251 BDE-153 BDE-153 concentrations in pmol/g
. ‘. lipids in pooled milk samples
2154
= Lt : from Sweden 1980 to 2004

¢ . (Fingstrom et al. 2005b)

o
o
.

- v T T v J
1975 1980 1985 1980 1995 2000 2005

200 4
S & Noith Amnstica Samples collected in
-g, —&— Sweden Austin & Denver
g —w— Finland
- 150+ Samples collected in
= New York State
=
=
(=
= 100
=
i
=
8 ¢ -
= 50 Canadian
(] = Milk Bank _
Canadian P
ok Milk Bank R i & o o o e o
1975 1980 1985 1990 1995 2000

Comparison between the concentrations of BDE reported in
human milk from North America and Europe (ENVIRON 2003a)
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PBDEs ve velrybach, Faroe Islands

PEDE concantration in pilot whale blubbsr, ngig lw
1400 -
1200 (-
1000 (-
S00 -
GO0 -
400 -
200 i
0 - -
Adult Adult Juvenile  Juvenile
males famales males females
Figre 4+ 51. Mean (and ranpge | of concentrations of PROES in long-
tinned pilot whales (adult mals and temales comparsd to juvenik
males and females) caught at the Faroe Ilands (van Bavel & al.,
2000,
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Toxikologie

@ Nedostek systematickych informaci

Jsou provadény pokusy na hlodavcich:
L, Ztrata paméti (neurotoxicita)

%,  Hepatotoxicita ('BBPA)

%  SniZeni télesné vahy

d Piedpoklada se naruSovani endokrinni rovnovahy
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% Research Centre for Toxic Compounds in the Environment 98
o‘/"odwoa ’No“

NSYAL.
&) 7%
[
IVENSIS -®

http:/ /recetox.muni.cz

“ranp B




Endocrine Disrupting Chemicals

(International Programme on
Chemical Safety):

IPCS

Exogenous substances that alter function(s) of the endocrine
system and consequently cause adverse health effects in an
intact organism, or its progeny, or (sub)population

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

99



Binding on X
receptor

ent Reg,
o(‘«\ ee,.c .
S FE~N\% Research Centre for Toxic Com
%"”Odm 02 ”"@

http:/ /teceto T

100




Klasifikace endokrinnich disruptori

Dvé tfidy:
%,  Pfirodni hormony

% Clové&kem vyrobené latky, které zahrnuji synteticky
vyrabéné hormony a uméle syntetizované chemikalie
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Potrava — hlavni zdroj expozice Clovéka

PCBs, MeHg:

Bisphenol A:

Pesticides
(DDE, DDT

Dioxiny a
dioxin‘im-po-

dobné latky: | Bromovane
Kontami- zhasecCe hofeni:
nované ryby N
Mohou byt 2 ‘ i
vymyvany z Kontamino-
; vané ryb —
pleit o o yby Zviteci tuk v
1 voce i
potravin 7 eleni mastnych
elenina
produktech
Ryby
Ryby
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Pro Zeny:

& & & & &

Pro muze:

S

EDC: potencialni zdravotni rizika
pealans—

Rakovina prst a reprodukcnich organt

Fibrocystické onemocnéni prsi

Polycysticky ovariarni syndrom

Endometriosa, délozni fibroidy

SniZeni poméru pohlavi (méné Zen)

" i r.tk.{-
%:ﬂt ‘ Hd;ﬁaynduiivs
R Tetis | Gy

Nizka kvalita semene (nizky pocet spermii, nizky objem ejekulatu, vysoky
pocet abnormalnich spermii, nizky pocet pohyblivych spermii)

Rakovina varlat
Malformované reprodukc¢ni organy (testy sestoupeni varlat, mala velikost
penisu)

Onemocnéni prostaty a dalsi pozorovatelné abnormality muzskych

reprodukcénich organu
’_% J

~ent Res.,
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HEXABROMOCYCLODODECANE
(HBCDD, HBCD)

CAS no. 25637-99-4
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Substance of very high concern

Y% The hazard of HBCD was recognized by the European Chemicals Agency when
HBCD June 30, 2008, was announced as one out of 16 substances of “Very High

Concern”, because of its properties as a persistent, bioaccumulative and toxic
substance (PBT) (http://ECHA.europe.eu).

% In June 2009 ECHA decided to recommend HBCD for inclusion in REACH’s
Authorisation List, and in September 2010 HBCD was added to that list. HBCD
was classified “Very toxic to aquatic organisms; may cause long-term adverse
effects in the aquatic environment (R50/53).

% In December 2010 The ECHA Committee for Risk assessment proposed a HBCD
classification in accordance with Directive 67/548 /EEC as reprotoxic category 3

with
| R63: Possible risk of harm to unborn child, and
m R64: May cause harm to breastfed infants and labelling: Xn; R63-64;

S36/37-53.
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Persistent organic pollutants

% 17 February 2011 the European Commission confirmed that HBCD was
among 6 chemicals added to the candidate list (Annex XIV) of the
REACH Regulation to be banned within 3-5 years unless an authorisation
has been granted to individual companies for their use.

% In October 2010 the POP Review Committee under the Stockholm
Convention did assess the risks from HBCD and concluded that HBCD
fulfils the criteria of a persistent organic pollutant (POP), and the
committee recommended a global ban of HBCD uses

(http://chm.pops.int/).

t  HBCDD was included in the “San Antonio Statement on Brominated and
Chlorinated Flame Retardants” signed in September 2010 by 245

scientists from 22 countries (Environmental Health Perspectives,
December 2010).
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Brominated flame retardants 2000 production

OctaBDE
PentaBDE R
HBCD - 16,000
DecaBDE ﬁ

0 40000 80000 120000
Tonnes
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HBCD - complicated chemistry

There are 64 possible structures, of which 16 HBCD
stereoisomers exist, including six pair of enantiomers (mitror
structures).

Three pairs of
enantiomers

Research Centre for Toxic Compounds in the Environment
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HBCD - complicated chemistry

At the technical manufacturing process are mainly formed

racemic mixtures of the diastereomers o-, B- and y-HBCD

with typical percentage ranges:

Br
Br,,

Br

Br

Br

Br

Br

WBr

Br

Br

«-HBCD B-HBCD y-HBCD
10-13 % 1-12 % 75-89 %o
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Transformations of HBCD

% At temperatures from above 160 °C and independent of
starting isomeric composition technical HBCD is subject to
thermal rearrangement resulting in a specific changed
mixture of the three isomers:

o«: 10-13 % — 78 %
ﬁ: 1-10 % — 13 %
y: 75-89 % = 9%

% The dominance of the «- isomer at higher temperatures
shows that the a-isomer is most thermodynamic stable.
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Use pattern of HBCD

Material Use/Function End-products (examples)
Expandable Polystyrene (EPS) Insulation e Construction, insulation boards, (packaging material)
(Max. concentration: 0.7 %) e Packaging material (minor use and not in food packaging)

e Insulation boards (against cold or warm) of transport vehicles e.g.
lorries and caravans

e Insulation boards in building constructions e.g. houses’ walls, cellars and
indoor ceilings and ”inverted roofs” (outdoor)

e Insulation boards against frost heaves of road and railway embankments

Extruded Polystyrene (XPS) Insulation e Construction, insulation boards,

(Maximum concentration: 3 %) e Insulation boards (against cold or warm) of transport vehicles e.g.
lorries and caravans

e Insulation boards in building constructions e.g. houses’ walls, cellars and
indoor ceilings and ”inverted roofs” (outdoor)

e Insulation boards against frost heaves of road and railway embankments

High Impact Polystyrene (HIPS) Electrical and electronic e Electric housings for video machines (VCR)
(Max. concentration: 7 %) parts e Electrical and electronic equipment e.g. distribution boxes for electrical
lines

e Video cassette housings

Polymer dispersion on cotton or Textile coating agent e Upholstery fabric

cotton/synthetic blends ¢ Bed mattress ticking

(Max. concentration: 15 %) e Flat and pile upholstered furniture (residential and commercial
furniture),

e Upholstery seating’s in transportation,
e Draperies, and wall coverings,

e Interior textiles e.g. roller blinds

¢ Automobile interior textiles

Research Centre for Toxic Compounds in the Environment 111
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Releases to the environment in Europe (EU 2008)

X SYI.

Life-cycle stage

Total HBCD emissions in Europe (kg/year)

s S o e
&JAN A B Onodmoi AF

Air Waste water Surface water
Production 2.0 0.73 0
Micronising 0.3 0 0
Formulation EPS and HIPS 19.5 48 212
Formulation XPS 11.3 71.2 8.5
Formulation polymer dispersion (for textiles) 6.8 220 55
Industrial use EPS 102 82 20.4
Industrial use HIPS 6.3 5.0 1.3
Industrial use XPS (compound) 100 217 7
Industrial use XPS (powder) 23.6 26.4 6.6
Industrial use textile (back coating) 0.64 5653 1413
Professional use insulation boards (at 182 0 182
building sites)
Service Life Textiles (washing) 0 10.5 0
Service Life Textiles (wear) 0 107 27
—| Service Life EPS&XPS 54 0 0
"It comigdions 508 6251 1933

72
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HBCD properties

% HBCD appear as white, non-volatile and odoutrless solids,
insoluble in water but soluble in organic solvents.

%  HBCD is very persistent in the environment.

% Degradation in the environment seems to be insignificant,
and levels are mostly increasing.

%  HBCD is for instance still present in sediment after 15-40
years.
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Time trend of HBCD in sediment from lake

Creif Switzerland

1974 1982 1989 1995 2001

Year

Kohler et al. 2008
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POP properties

% Persistent, lipophilic and bioaccumulative.

%  The log Ky of 5.6 for HBCD is in the upper range for
bioaccumulation, and it is comparable with that of DDT.

Y%  Biomagnifies and up concentrates in natural food chains.

The biomagnification Substance BMFE
factor (BMF) for the
step between herring BUEIELD 2l
and guillemot in the > PBDE 5.5
Baltic Sea calculated YPCB 24.6
for lipid weight. YDDT 36
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Time trend of HBCD in guillemot eggs from Baltic
Sea
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e——=HBCDD =—=Trendline Sellstrém et al. 2003 and NRM 2009
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Human exposure

Due to the use of HBCD in products in the society, humans may

be exposed from different sources:

% Work place exposures.

%  Environmental exposure through soil, water and air.

%  Food intake.

Y% Use of consumer products containing HBCD - exposure

mainly via indoor air an dusts.

Research Centre for Toxic Compounds in the Environment
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House dust is a major source of HBCD exposure

A study from UK (Roosens et al. EHP November 2009) showed:

%  Dietary intakes of 1.2-20 ng HBCD/day (average: 7.2
ng/day),

%  Average HBCD intakes by ingestion of dust were 3-8 ng/dayj,
% HBCD in blood serum averaged 2.9 ng/g lipid weight,

% y-HBCD dominated in food, whereas «-HBCD dominated
in dust and was the sole isomer in serum,

%  That exposure to HBCD via dust ingestion but not diet
correlated with HBCD concentrations in human serum.

(Roosens et al. EHP November 2009;117:1707-1712)
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HBCD - Summary of toxic effects

Animal toxicity

% Acute and sub-acute toxicity very low.

% The liver is the major HBCD target organ with liver weight increase and enzyme
induction but there was also observed a dose-dependent increase in relative
prostate weight. NOAEL of 22.9 mg/kg/day

% In females, the pituitary weight and thyroid weight was also significantly
increased accompanied by thyroid follicular cell hypertrophy (LOAEL of 10-20

mg/kg/day).
Endocrine disrupting effects
% Invitro and in vivo interaction with thyroid hormone homeostasis. Serum

concentrations of T4 and TSH were dose-dependently affected - a reduction of T4
and an increase in TSH - in all groups of both sexes.

% Induction CYPs and phase II enzymes involved with drug, steroid and thyroid
hormones metabolism.

Neurotoxicity

% Death of brain cells and inhibition of uptake of dopamine and GABA.

% Neonatal HBCD exposure may cause developmental neurotoxic effects s changes
in spontaneous behaviour, learning and memory defects (LOAEL of 0.9
mOﬂ(R%io /day).
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Conclusions

The available information indicate that HBCD is a
dangerous substance. It is persistent, bioaccumulative and
toxic.

Levels of HBCD are generally increasing in both the
environment and in humans.

There is a lack of toxicological information for an adequate
risk assessment.

No information exists regarding any difference in
susceptibility between humans and experimental animals.

This chemical has really got a surprisingly extensive
commercial use without sufficient public available
toxicological information.

The prioritization by ECHA is correct and timely!
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Material flow analysis scheme: production/use —
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Life Cycle BFRs (PBDEs/HBB/HBCD)

Emission Sources Environmental  Exposure
Transport Routes
Thermal (e.g. .
e, Intergenerational
metal industry, Atmosphere *
. recycling accidential [
BFR Production fires) — Inhalation
(e.g. PentaBDE, A ) ]
OctaBDE, Plants Foqd ingestion
DecaBDE, HBB, Reservoirs
HBCD, HBBz :
(landfills ’ Occupational
— 70 other BFRs.) . d Land
contaminate . .
sites, stockpiles &nnklng
sludges, soils, ater
di
BFR Use = lmfntS) SSI Accideptal
. Proficts ™
(e'g' p lastic E&E, (e.g. Electronics, Indoor
PUE, textiles, ) furniture, cars, plain, . .
train, textiles, mattresses Aquatic Shellfish (dust, air)
etc.)
Recycled I
RPyeselfictsre (P RomeSommpommires ,

D. recetox.muni.c



POPs contaminated sites
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PBDE Material Flows and Major Use Areas to be
Addressed by BAT/BEP (Sect 2.1)

= Polymers containing c-OctaBDE

¢ Largest amount used in electrical and electronic equipment
(EEE) and now in related wastes (WEEE)

¢ Minor amount in polymers in transport sector
= Polyurethane (PUR) foam containing c-PentaBDE
¢ Large amount in transport (car. bus, truck, train etc.)

¢ In countries with flame retardant standards also used in
furniture and construction and minor in mattresses

s Minor use c-PentaBDE: in textiles and rubber
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Material flow c-OctaBDE containing articles

s> STOPPED-No Longer Produced
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Material flow c-PentaBDE containing articles
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Co jsou perfluorované latky (PFCs)?

PFCs .... PerFluorinated Compounds

%  Latky stalé v prostiedi gy Y

peerrretrro
F 1

Y Bioakumulativni fereer

1
F

FFFFFFF
F
FFFFFFF D

& Celosvétove rozsifené

FFFEFFFFF

S RaRrans

FFFFFFFFGC

%  Plné fluorované
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Perfluorované latky (PFCs)

% syntetické fluorované latky (vcetné jejich oligomert a polymera)
% persistentni latky s bioakumula¢nim potencialem

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

perfluoroalkylsulfonové kyseliny

RFRFRFRFOO
$ $ S \\S//

perfluoroalkylsulfoamidy

F™ > i i o

perfluoroalkyl alkoholy drEd e e E

alkylované odvozeniny RERFRF ©

F
. . . OH
ey
producenti 3M, DuPont, Clariant, Daikan FEEEFEFFFE F
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Charakteristika — fluorované derivaty

%  FOCs .... Fluorinated Organic Compounds

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

&,  Zastupci: freony, teflon, halothan

Y% Znama produkce rostlinami: rod Dichapetalum
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Charakteristika — perfluorované derivaty

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

petfluorované karboxyly

perfluorované sulfonaty
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Perfluorooctane sulfonic acid (PFOS), its salts and

perfluorooctane sulfonyl fluoride (PFOSF)

%  Proposal: 2005, Sweden ) OKS/WF
/ F F FYF
%  Risk profile: UNEP/POPS/POPRC.2/17/Add.5 © F F F F
(N Risk management evaluation: UNEP/POPS/POPRC.3/20/Add.5 and
UNEP/POPS/POPRC.4/15/Add.6

Past use: PFOS is both intentionally produced and an unintended degradation
product of PFOS-related substances (PFOS precursors). Examples of
use include: electronic appliances, fire-fighting foams, water proof for
textile, leather, etc.

Currently:  PFOS is still produced and used in several countries.

Alternatives: Available for some types of use but no known technically feasible

alternatives for some applications e.g. semi-conductor, photo imaging,
aviation hydraulic fluids Guidance: in preparation by POPRC

- Listed in Annex B (Restriction) with Specific
exemptions and Acceptable purposes

RS ~z - - o — -
IS o S O U U U | JUU . vV U
i 3
o =
£ 3
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PFOS derivatives mentioned in the Stockholm

Convention

PFOS substance CAS no.
Perfluorooctane sulfonic acid 1763-23-1
Potassium perfluorooctane sulfonate 2795-39-3
Lithium perfluorooctane sulfonate 29457-72-5
Ammonium perfluorooctane sulfonate 29081-56-9
Diethanolammonium petfluorooctane sulfonate 70225-14-8
Perfluorooctane sulfonyl fluoride 307-35-7
Tetraethylammonium perfluorooctane sulfonate 56773-42-3
Di(decyl)di(methyl)ammonium perfluorooctane 2551099-16-8
sulfonate

~ However more than 100 PFOS precursors were marketed!
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Charakteristika — sulfonované perfluorochemikalie

Struktura:

F F O x =4-10, Y =0H, OM heboNH ,

Vlastnosti:
% Retézce hydrofobni

%  Lipofobni vlastnosti surfaktanti, sniZuji povrchové napéti
vody, silna smacidla
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Charakteristika — PFOS (perfluorooktansulfonaty) a
pfibuzné latky

%, Zakladni stavebni jednotka: perfluorooktansulfonyl fluorid
(POSF)

I_\/F F\ /F F\ /FF\ /|:
\/\/\/\/\/O
AN N €N /\/\

Y% Ptibuzné latky: PFOA .... Perfluorované kyseliny

% Globalni produkce, bioakumulace, perzistence
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What is PFOS?

Y Pertluorooctane sultonic acid (PFOS) 1s a fully fluorinated
anionic substance, which is commonly used as a salt or
incorporated into larger polymets.

%  PFOSEF is the intermediate for synthesis of PFOS related
substances. It is listed to restrict all PFOS related substances.

% PFOS is very persistent and has a capacity to undergo long-
range transport and also fulfills the SC toxicity criteria.

%  PFOS (and derivatives) are the best surface-active

compounds with extremelv low surface tensions.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



PFOS related substances

%  PFOS and its closely related compounds, which may contain
PFOS impurities or substances that can form PFOS.

% In practice mostly derivatives of PFOS are used (OECD lists
ca. 165). These PFOS related substances are degrading over
time to PFOS (“precursors” like e.g. substituted

sulfonamides):
F FF FF FF F (/
F

s on
VN
F FF FF FF EFo0 o

N-Ethylperfluorooctane sulfonamidoethanol; EtFOSE
%  The covalent amides (some others) are volatile and can be

transported via ait. PFOS with the hydrophilic acid group is
non-volatile with water as final sink.

S
AN R 0(\0‘“ "“(y,c . . .
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FOSE: PFOS related substances
chemicallv bound to polymers

FFEFF FFRFFF
R
F FF FF F N
H,C _\—DH
Evaporating NMeFOSE \ /
F. F

F

freigesetztes NMeFOSE

O'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ
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Other Perfluorinated Alkylated Substances (PFAS)

(not adressed by the Convention - but used as substitutes)

PFOS and related substances are members of the large family of
perfluoroalkyl substances (PFAS)

F 0 el
el Lo el LS
F/ \C‘/(”) F/ \C/» \0-
FF FF

- C T ¢ Ci

:, Perfluorinated telomerealkohols .. Perfluorooctanoic acid (PFOA)

rect




Some Functional PFAS Structures

(ex. N-EtFOSE)

Fluorotelomer phosphate esters
(ex.if R=0H then 8:2 monoPAP
if R=8:2 FTO ester then 8:2 diPAP)

FFFFFFF g FFFFFFFFO FFFFFFTFTF OH
PR I I N ) I B 7 RS N N I I N P I T ) O 4
I T T T T T N\ T T
F FFFFFF O FFFFFFFFO F FFFFFFF
Perfluorocarboxylic acids Perfluorosulfonic acids Fluorotelomer alcohol
(ex. PFOA) (ex. PFOS) (ex. 8:2 FTOH)
o
FFEEFFEFER FFFFFFFFO FF0§S’\
P3N ) T B Gt S I e 0 T S
A A A A A
FFFFFFFFO FFFFFFFTFO F
Perfluorophosphonic/phosphinic acids Perfluorosulfonamide F Fe EF
(ex. If R=0OH then PFOPA (ex. FOSA) Perfluorinated cyclo sulfonates
If R=C8 perfluoroalkane then 8:8 PFPi) (ex. PFECHS)
F F
OH . F o E
FFFFFEFFFO _/ FFFFFFEFEF M"' o
T T T O Y S T T I I S FH L
LD DT I O N F o
F FFFF F F F O CH, F F F F F F F F \__R F F
HO™ W F
Perfluorosulfonamidoethanol o

Polyfluorinated ether carboxylates
(ex. 4,8-dioxa-3H-perfluorononanoate)

M——"

n——m

n——m

n——

I—m

n——
o

Polyfluorinated polymeric unit
(ex. 1H,1H,2H,2H-perfluorodecyl acrylate)

Polyfluorinated ether sulfonates
(ex. Perfluoro [hexyl ethyl ether sulfonate])

Lindstrom et al.
ES&T

20 (20
g i

% 2

7 &
'&k’ANA ﬁqp

)
‘0 313u@?

Today about 1000 PFAS

on the market
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Perfluorované telomer alkoholy FTOH

— —
2 2
~ T LA ( ( (
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Vyroba: telomerizace
Vede vyluc¢né k pfimym fetézcim se sudym poctem atomi C

Analyza GC-MS nebo LC-MS

NERS/
S 7,
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Perfluoroktansulfonova kyselina a jeji soli

Chemical

Activity

Acceptable purpose or specific exemption

Perfluorooctane sulfonic acid (CAS
No: 1763-23-1), its salts and
perfluorooctane sulfonyl fluoride
(CAS No: 307-35-7)

* For example: potassium
perfluorooctane sulfonate (CAS no.
2795-39-3); lithium perfluorooctane
sulfonate (CAS no. 29457-72-5);
ammonium perfluorosulfonate
(CAS no. 29081-56-9);
diethanolammonium
perfluorooctane sulfonate (CAS no.
70225-14-8); tetracthylammonium
perfluorooctane sulfonate (CAS no.
56773-42-3);
didecyldimethylammonium
perfluorooctane sulfonate (CAS no.
251099-16-8)

Production

Acceptable purpose:

In accordance with part III of this Annex, production of other
chemicals to be used solely for the uses below. Production for uses
listed below.

Specific exemption:

As allowed for Parties listed in the Register.

Research Centre for Toxic Compounds in the Environment
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Perfluoroktansulfonova kyselina a jeji soli

Activity

Acceptable purpose or specific exemption

Use

Acceptable purpose:

In accordance with part III of this Annex for the following acceptable purposes, or
as an intermediate in the production of chemicals with the following
acceptable purposes:

e Photo-imaging

e Photo-resist and anti-reflective coatings for semiconductors

e Etching agent for compound semiconductors and ceramic filters

e Aviation hydraulic fluids

e Metal plating (hard metal plating) only in closed-loop systems

e Certain medical devices (such as ethylene tetrafluoroethylene copolymer (ETFE)
layers and radio-opaque ETFE production, in-vitro diagnostic medical
devices, and CCD colour filters)

e [ire-tighting foam

e Insect baits for control of leaf-cutting ants from A#a spp. and Acromyrmex: spp.
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Perfluoroktansulfonova kyselina a jeji soli

Activity

Acceptable purpose or specific exemption

Use

Specific exemption:

For the following specific uses, or as an intermediate in the production of
chemicals with the following specific uses:

e Photo masks in the semiconductor and liquid crystal display (LCD) industries

e Metal plating (hard metal plating)

e Metal plating (decorative plating)

e Electrical and electronic parts for some colour printers and colour copy machines

e Insecticides for control of red imported fire ants and termites

e Chemically driven oil production

e Carpets

e | cather and apparel

e Textiles and upholstery

e Paper and packaging

e Coatings and coating additives

e Rubber and plastics
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Uses of PFOS identified by the POPRC

1. Uses for which no alternatives are available

— Photo imaging, photo resist and semi-conductor, photo masks in the

semiconductor and liquid crystal display (LCD) industries, aviation
hydraulic fluids, certain medical devices

2. Uses for which alternatives would need to be phased in

— Metal plating, electric and electronic parts, ant baits for control of leaf-
cutting ants, CCD color filters, chemically driven oil production

3. Uses for which alternatives are available in developed countries

— Firefighting foams, carpets, leather and apparel, textiles and upholstery,

paper and packaging, coatings and coating additives, cleaning products,
pesticide and insecticides, rubber and plastics
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S &

YSQSVW. v
Tengis®

O
“ranp B

145

ent Reg,
o"\«\ ee’"(‘ H 1 1
£ & ~\% Research Centre for Toxic Compounds in the Environment
©)
%%o dwod =3

http:/ /recetox.muni.cz




Vlastnosti PFCs

% chemicky inertni, vysoce tepelné stabilni

&

nepodléhaji fotodegradaci, mikrobialni degradace pouze u
perfluoroalkylsulfoamidi = PFOS

sniZuji povrchové napéti
odpuzuji vodu (hydrofobni)

odpuzuji olej (oleofébni)

& & & ¢

nejsou lipofilni (v porovnani s ostatnimi POPs) & nekumuluji se v

tukovych, ale v bilkovinovych slozkach tkanich (jatra)

v &
% v t. 2009 byl v Zenevé PFOS (petfluoroktylsulfonan) zafazen do

Stockholmské umluvy o perzistentnich zneciSt’ujicich latkach

J. Becanova
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Key considerations - PFOS

PFOS use areas with possible relevance:
Fire fighting foams

Chromium plating and other plating industry
Oil extraction

Synthetic carpets (production and use)
Textile industry;

Paper industry

Imported textile and paper

& & & & & & & &

Other specific industrial applications (listing in the POPRC
document)

&

Pesticides (Sulfluramid); aviation fluids air plains

&

Detergents and impregnations

Recycling of PFOS containing materials:
Recycling synthetic carpets, PFC paper, PFC textiles?



i

PFOS Use: Acceptable purposes

& & &

conductors, ”

Etching agent for compound semi-conductors and
ceramic filters, '

Aviation hydraulic fluids,
Metal plating only in closed-loop systems,
Certain medical devices (e.g. ETFE layers, radio-

opaque ETFE, in vitro diagnostic medical devices,
CCD color filters),

Fire fighting foam, |
Insect baits for control of leaf-cuttlng ants

()’ Research Centre for Toxic Compounds in the Environment o
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PFOS Use: Specific purposes

Photo masks in the semiconductor and LCD industries :
Hard metal plating, -4 g NG
Decorative metal plating, ) @
Electric and electronic parts for some color printers and
color copy machines,

Insecticides for control of red imported fire ants and
termites,

Chemically driven oil productlon

Carpets, ! N
Leather and apparel,

Textiles and upholstery,
Paper and packaging,

Coatings and coating additives,
Rubber and plastics.



http://ep.yimg.com/ca/I/yhst-85270312810582_2071_3818649
http://www.myrmecos.net/myrmicinae/SolInv1.JPG
http://www.comfacgroup.com/Images/Products/carpets.jpg
http://www.refill-style.com/contents/shopping/products/binder/grande/earthleather/images/gallery/photo_leather.jpg
http://www.donendustedcheshire.co.uk/images/upholstery.jpg
http://www.primeur.co.uk/images/packaging_main.jpg
http://img.alibaba.com/photo/237736043/squeaky_shoes.summ.jpg

(Alternatives needs phase-in)

PFOS - Specific Exemptions bC

% Coatings

Carpets, (Recy.?)

Paper and packaging (Recy.?)
Textiles and upholstery, (Recy.?)
Leather and apparel, (Recy.?)
Other coating additives

v

% Chemically driven oil production,

% Insecticides for control of red
imported fire ants and termites,

%  Hard metal plating, Decorative
metal plating

Y% Photo masks in semiconductor ar
LCD industries,

%  Electric/electronic parts for some

3M stopped _
PFOS in 2000 =

PrlnterSAggpycm@m@@@ompou
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B

MOH4MZMOO

Other former uses of PFOS not listen
for exemption by Stockholm Convention

Some applications where PFOS was used
are not listed under the Convention

and for these applications PFOS use is
not allowed (but other PFAS are used).

Cleaning agents
Polishes for cars/floor
Waxes (e.g. ski)

Paints

S
S
®
©
©

Cosmetics
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Pouziti PFCs

Ochrana textilii, kiiZe a kobercu proti zneciSténi, olejim i

vodé (PFOA pfi vyrobé funkénich materiala - GoreTex)

)

(et !
GORE-TEX

Ochrana papiru a papirovych obali proti vodé a olejum
(PFOS - 3M - papirové talife, tasky, obaly - v r. 2001 linka

odstavena = nové pouZivani fluorovanych telomera - sacky

J. Becanova
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Pouziti PFCs

& & & &

Soucast hasicich pénovych pfistroji pouzivanych pfi haseni

pozaru hoflavych tekutin

Aditiva do natérovych hmot = odpudivost vody a §piny (3M)
Fotograficky primyslu pro lepsi funkce fotografického media
Vyroba polovodici

Surfaktanty do hydraulickych tekutin

J. Becanova
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PFOS - vlastnosti, vyroba, pouZiti

% Stabilni molekula
% Surfaktant v fadé aplikaci: hasici pény, povrchové upravy
% Vyroba: elektrochemicka fluorizace

nakladny proces

vysledkem je smés homologti a isomerti
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PFOA - vlastnosti, pouZiti

% Synteticka chemikalie

% Aditivum ve vyrobé fluoropolymert

Fluoropolymery — ohnivzdornost, vodoodpudivost

Uziti:

@

nepfilnavé povrchy kuchyfiského nadobi
povrchové ochrany

prumysl (automobilovy, kosmicky...)

& & &

chemické procesy
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PFOS & PFOA

% Celosvétova produkce neni znama

Y% Hlavni producent — spole¢nost 3M (v roce 2000 produkce
témér 3 000 t, z toho 37% pouZito na povrchové aplikace a
42%0 na produkty papirenstvi; dalsi pouZiti: hasici pény,
alkalicka Cistidla, lestidla, Sampony, insekticidy ....)
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Polyfluorinated surfactants

Polyfluorinated surfactants (PFS) are used for food contact
materials, primarily to impart oil and water repellency on
paper and board.

PES are of interest, as they can be precursors of poly- and
perfluorinated alkyl substances (PFAS), of which several are
persistent and are found worldwide in human blood and in
the environment.

PolyfluoAlkyl Phosphate Surfactants (PAPS), widely used in
paper and board have been found in the human blood.

Over 100 chemical structures found in paper used for food
packaging in EU. Majority of surfactants contain ester-

bonded FTOHs and FOSE:s.
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Production of PFOS

% PFOS is still produced (including China, Germany, Italy).
% Production peak from 1980 to 2000 (3M phased out production)

5000
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3500
3000
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2000 —
1500

1000 s

Production Valume {tonnes)

500 -
0 T T T T T T T T T T T T | T T T | T T T T T T T T T T T |
(-] = = o (4] (-] | = o (5.¢] -] ~J =f o o0 o ™~ =t
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(9]} h (@) (B) (8)] ch (8] h ch (8) (8 (8)} ch 9] h o o ()
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Year

Paul et al, Environ Sci Technol, 2008. 43(2): p. 386-392.
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Percent of total historical global PFCA emissions
by source

YAA - 57% Fluoropolymer Manufacture - APFO
Fluoropolymer - 17% Fluoropolymer Manufacture - APFN
Manufacture
- APFN - 10% APFO Manufacture
APFO 5% Fluoropol r Dispersion - APFO
Manufacture ’ polyme be
- 4% PFCA AFFF, Industrial & Consumer Uses
- 3% APFN Manufacture
57 9% ' I 1% POSF Products - PFCA Impurities
o _ - 1% Fluorotelomer Raw Material Degradation
uoropolymer
Manufacture - APFO - 0.3% Fluorotelomer Products - PFCA Impurities
N - - 0.3% Fluoropolymer Processing - APFN
0.3% POSF Raw Material Degradation

. 0.3% POSF-Based AFFF
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Estimated 2000 global PFCA emissions by carbon
chain length

#Carbon Metric
Acid Tonnes

6 1

8 200

9 25
10 2

7
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Vyskyt PFCs v prostfedi

Emitovany nejcastéji do prostfedi pfimo v misté jejich vyroby, \4
mistech pouZzivani (domacnosti), na skladkach odpadu
zemédélska ptada po aplikaci odpadniho kalu
prusaky ze skladek - sorpce na sediment a organickou matrici

Netékave latky (PFOS, PFOA) - povrchové aktivni - vazba na povrch

castic a transport s prachem na delSi vzdalenosti

Teékavé latky (perfluorované alkoholy) emitovany do vzduchu a

deponovany mokrou depozici

Nalezeny ve vSech matricich:

voda, snih, led
sediment, puda, prachové Castice

vzduch, vzdusna prasnost

biota, Clovek

. Becanova
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Environmentalni chemie

% Osud a chovani PFCs v prostfedi dan vlastnostmi téchto
latek a vlastnostmi prostfedi, v némz se vyskytuji

Y% Zpusob transportu do vzdalenych oblasti neni zcela
objasnén; slouCeniny témér kompletné ionizuji a stavaji se
tak méné tékavymi, jejich tlak par je totoZny s tlakem jinych,
globalné distribuovanych sloucenin, jako jsou DDT a PCBs;
nizka rozpustnost ve vodé = sniZeni rozdélovaciho
koeficientu voda - vzduch ©® pokles schopnosti transportu
vzduchem
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Environmentalni chemie — koncentrace ve vodach

% Kontaminace podzemnich vod perfluorochemikaliemi v
oblastech vojenskych zakladen na Floridé nebo v Michiganu
spojovana s tréninkovymi poZary — voda obsahujici tyto
chemikalie vstupovala do ptady — nasledné transport do
podzemni vody

%,  Kontaminace povrchovych vod — uziti metody HPLC — MS s
pfedchozi extrakci na pevné fazi (SPE) — kvantitativni
méfeni hladin organickych perfluorochemikalii v pitné a
povtrchové vodé uz ve vzorcich obsahujicich méné nez 25 ppt
této latky
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Environmentalni chemie — vyskyt v lidskych
tkanich

S

Organofluorované slou€eniny v lidské krvi poprvé zjistény v
roce 1968 v USA

Analyzy krevniho séra zaméstnancu vyroben
fluorochemikalii

PFOS a PFOA nalezeny v koncentracich 12,8 a 114 mg.ml’!
séra

Spojovano s vyskytem nadort nejméné 4 riiznych organt a
se vzrustajicim poCtem rakoviny prostaty u zameéstnancui
pracujicich s PFOA
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Environmentalni chemie

% MozZné vysvétleni transportu — prekurzory PFOS: vyssi tlak
par a niZsi rozpustnost ve vodé = transport atmosférou
nebo vodou, nasledné metabolizace na PFOS v ZivociSich

% Nékteré prekurzory PFOS:

n — ethyl perfluorooktansulfonamid ethanol

n — methyl perfluorooktansulfonamid ethanol
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Environmentalni chemie — vyskyt PFOS v tkanich

s ® v ® o

% Studie potencialni bioakumulace a biomagnifikace

% Ucinky PFCs spojovany se vzrastem umrtnosti plodi,
sniZovanim hmotnosti organua apod.
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PFOS - bioaccumulation and health effects

PFOS bioaccumulates and biomagnifies. The half-live in
humans is approximately 5 years.

PFOS does not follow the classic POPs-pattern (not into fatty
tissues), but instead binds to proteins.

Therefore accumulate mainly in organs such as liver, kidney,
brain and spleen.

In animal studies PFOS causes cancer, neonatal mortality;
physical development delays and endocrine disruption.

Higher maternal levels of PFOS and PFOA were associated
with delayed pregnancy (Fei et al. 2009)

Reduced human semen quality with increased PFOS/PFOA
level (Jogsten et al. EHP 2010)
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Environmentalni chemie — koncentrace v tkanich

ptaki

%  Studie ptactva v Korei a Japonsku, analyzy vzorkt jater na
pfitomnost latek typu PFOS a PFOA: v 95% nalezena
koncentrace vy$$i neZ je limit, tedy 10 ng.g™! vahy Zivocdicha

Y  Mnozstvi nalezenych latek bez vlivu pohlavi nebo stafi
ptaku

%  Koncentrace i ve vejcich, zvySené hodnoty v ryboZravych
ptacich - biomagnifikace
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PFOS v mofskych savcich

Tabk 49, Cemeentrations af PFOS in liver andior bloed of Arctic marine mammals (g wiw or ngml) trom Kannan ef al, (20013 and

Giesy and Kannan (2001],

Species/tissue Location 1 Collstionyear S Ape dass PFOS
Ringed seal blood plasma Cumberland Sound 4 199§ Mand F ¢3-12
Ringed seal blood plasma — Spitsberpen 10 |9% iM;6F RIS 812l
Ringed aeal blood plasma — Spitsherpen § 199§ IM;SF IRMATS 101527
Northern fur seal fiver — Pribilof Tshands (Bering Sea) 13 1995 and 1998 1M, 2F Jpupsfedm); <1027 [38]
10 sbadults
24 yr)
Northern fur seal blood — Pribilf Tslands (Bering Sea) 10 1995 [0 adult (3 yr] ¢h
Northern fur seal bleod — Pribilof Tshands (Bering Sea) 1995 TM subadult (24 1) ¢h
Paar bear iver Northwestern Alask 7 30197 WMF DBaduls (>3yel 175678 (350)
(Barrow; HI.IiL{‘iI.IL‘ Peint Lay: 13 Jun, 1999 4 subadults (-4 vr)
Gambell; Shistmarct
Litte Diomede Stvoongal
Paar bear bloed Beautort Se1 14 1999 TM;TF 1, 14-31(34)

Walues in brackets | | indicate the percentage of detectable observations, Values in parenthesss | | indicate the mean,
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Environmentalni chemie — koncentrace v tkanich

ryb

% Také zde vyskyt ve vajickach (jikrach)

%  Studované organismy: tunak, kapr

% Ruazné koncentrace v riznych oblastech, vliv intenzity
znecisténi v dané oblasti
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Environmentalni chemie — akumulace v
mofskych savcich

% Detekce v jatrech a krvi ZivoCichu

%  Nebyl pozorovan nartst koncentraci v zavislosti na véku a
pohlavi

%  Nejvyssi koncentrace v krvi delfint z Floridy 1 520 ng.g!
vahy

% Vyskyt v mofskych savcich z arktickych vod dokazuje opét
Sirokou globalni distribuci téchto latek do vzdalenych oblasti
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Toxikologické vlastnosti PFCs

Pfesny ucinek PFCs neni zcela objasnén

Zivé organismy neumi vét§inu PFCs metabolizovat (vyjimkou je metabolizace

vybranych perfluorovanych alkohol na PFOS)

Pro sladkovodni organismy akutné netoxické, chronicka toxicita LCy, (PFOS)
pro ryby = stfedné aZ vysoce toxicky

PFOS pro savce akutné netoxicky (testy provadény na potkanech), chronicka
toxicita - hepatotoxicky a smrtici efekt(potkan), kfece, zmény v pankreatu
(opice)

Epidemiologicka studie (37let) & expozice pracovniku pfi vyrobé PFCs &
vyznamné riziko rakoviny mocového méchyfe, zvysené riziko rakoviny stfev

a prostaty u muzu

J. Becanova
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Ekotoxikologie PFCs — toxické efekty a jejich
mechanismy

%  Sila efektu zavisi na délce uhlikového fetézce, nékteré studie
uvadéji jako nezanedbatelnou redukci toxicity exkreci moci

% Nejvyznamnéjsi efekty PFCs:

proliferace peroxizomu

alternace v bunénych membranach

ovlivnéni mitochondrialnich, mikrozomalnich a cytosolovych
aktivit

akumulace triglyceridi v jatrech

redukce tyroidniho hormonu v krevnim obé&hu atd.
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Ekotoxikologie PFCs — proliferace peroxizomu

Y

Peroxizomy: jednomembranové organely, podil na beta-
oxidaci mastnych kyselin, na syntéze ZlucCovych kyselin,
cholesterolu a plazmalogenu, metabolismus AMK a purinua

Proliferatory peroxizomu: skupiny latek rizné struktury,
které jsou schopny ovlivnit enzymy podilejici se na beta-
oxidaci MK v peroxizomech
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Ekotoxikologie PFCs — proliferace peroxizomu

Efekty:

%, ZvySena uroven oxidace — vyssi produkce peroxidu — bunécna
katalaza nestiha rozkladat — metabolismus peroxida neni v
rovnovaze

%,  Tvorba hepatocelularnich karcinomt u mysi a krys

% Promotory nadora u GJIC

% Zména aktivity jaterni glutathion-S-transferazy a epoxid
hydrolazy — vliv na jaterni detoxifikaCni systém

& Kombinace zmén — az oxidativni stres — transformace latek
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Ekotoxikologie PFCs — alternace v bunécnych
membranach

%  Amfifilni povaha PFCs = primarni efekty na bunécné
membrané: ovlivnéni membranové fluidity, membranového
potencialu a mezibunécné komunikace

% Perfluorooktansulfonova kyselina — zvyseni permeability
membrany pro hydrofobni ligandy

%  Studie na epitelialnich bunikach krys a delfint
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Ekotoxikologie PFCs — interakce s proteiny

% L —FABP (liver-fatty acid binding protein) — hojné se
vyskytujici, vaZze na svém povrchu lipidy

%,  Testy PFCs na schopnost ovliviiovat afinitu vazeb L-FABP a
MK: PFOS a PFOA se svoji hydrofobicitou podobaji MK,
proto mohou byt za né zaménény a vazany tak na proteiny v
krevni plazmé, jatrech nebo varlatech kovalentni vazbou

Y Z krve — moZny pfenos do dalsich organt, véetné mozku
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Ekotoxikologie PFCs — interakce s proteiny

Efekty:

% Pokles produkce pohlavnich hormont

S

Kalcifikace

Redukce pfirastku hmotnosti

Varlatarni nekrdzy u krys

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

178



Ekotoxikologie PFCs

Pfes vSechny mozZné efekty, epidemiologické studie na
exponovanych lidech nenaznacily vyznamnou klinickou
hepatotoxicitu v danych koncentracich PFOA

Studie toxicity:

Y% Pouzivani pfedevsim hlodavci

%  Testy in-vitro: vazba peroxizomalnich proliferatort na L-
FABP

%  Testy in-vivo: pfima expozice organismu témto latkam

% Testy na obojZivelnicich a rybach
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Toxicita

PFOS and PFOA

Nizka aZ stfedni akutni a chronicka toxicita pro fasy, ryby a
mofisti bezobratlé

Ale:

Y Velmi persistentni v prostfedi
% t, pro Clovéka: PFOS 8,7 let; PFOA 1 - 3,5 roku
%  PFOS vysoce bioakumulativni

FTOH:

% ?
% 8:2 FTOH vykazuje vysokou biokoncentraci, @'
%  MuZe byt metabolizovan krysami na PFOA
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Z.aver

%  Nepfedvidatelné mechanismy ucinku, dalsi druhy
organismu exponované PFCs => potfeba ziskavat stale dalsi
informace o toxicité, chovani a osudu téchto latek v
prostiedi

%  Produkce postupné omezovana, nutnost monitoringu

%  Perzistence = tyto latky budou pravdépodobné jesté
dlouhou dobu kontaminanty prostfedi a potravnich fetézcu
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PFOS/PFOA - Negative Effect on

lar Function/Semen Quality
A cohort study on young Danish men detected a statistical

significant difference in percentage of morphologically
normal sperms between low and high group of PFOS +
PFOA conc. in blood.

35

90 Joensen et al: ENV. HEALTH PERSPECTIVES 03/2009

25 |

20 |

15

10 |

Normal sperms (mio.)

tn

Low PFAA Intermediate PFAA High PFAA
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Concentration of PFCs detected in real samples

Analytes (ng/g)
Sample , 2
PFOA 2 acids PFOS
sulfonanes
Cleaned dust 0-20 0-40 0-10 4-25
Sedimented dust 100-200 100-300 30-50 40-50
e-waste 0-50 0-155 0-35 0-45
Constru.cuon 0.4 040 020 0-30
materials
Interior 0-15 0-35 0-20 0-70
equipments
River sediments 0-0.3 0-0.5 0-1 0-1.5
Fish 0-610ng /g (PFOS, PFOA)
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PFOS and other PFCs in Landfill Effluents

PFOS and PFCs are released via landfill leachates !

(3M, 2001) (Woldegiorgis et al., 2008) (Kallenborn et al., 2004)  (Busch et al.,

(n=3) (n =4) (n = 6) 2010)20)
PFBS NA <0.5-110(37.3) 5.64-112 (51.5) <0.39-1356 (220)
PFHxS NA 12-1800 (518) 12.4-143 (77.0) <0.24-178 (22.2)
PFOS <25-52.7 (17.7) 32-1500 (555) 32.8-187 (82.5) 0.01-235 (30.9)
PFDS NA <1-0.28 (0.07) NA ND
PFBA NA <12-30(7.5) NA <3.36-2968 (458)
PFHxXA NA <7-310(77.5) 26.4-697 (228) <0.37-2509 (234)
PFHpA NA <20-260 (197.5) NA <0.12-280 (48.1)
PFOA ND-48.1 (16.9) 38-1000 (537) 92.4-516 (293) <0.40-926 (145)
PFNA NA <18-100 (43.5) 47-615 (34.8) <3.63-80.1 (7.29)
PFDA NA <20-220 (82.5) NA <0.21-55.1 (5.98)
PFUNA NA <59 NA <0.11-2.98 (0.36)
PFOSA NA <2-7(2.75) NQ-3.28 (1.17) <0.15-14.0 (2.77)

* NA = not analysed. ND = not detected. <x = below the respective method quantification limit (MQL).

Landfills in industrial countries are a source for PFOS/PFC-
release into the environment and have to be considered as
stock or “contaminated site*
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PFOS/PFOA et al. in the Rhein & Tributary Rivers

(Germany)

— PFOA ( PFT)
Nordsee [ v o d
fion J n /L
...... 2_ R The e 22 (73
SRR | 8@
= Nieg, 1 S
9(51) — 2= « 5 (137)
10 (49) 8 PN 2 (10)
2 (33) L b
3(30) Kobl Mosel
3(39) :‘losb:dcn &529)
4(61)
3 (53)
3 (49)
3 (91)
3 (41)
<2 (8)
Rhein

%  Screening of PFOS/PFAS
in the Rhine river and
tributaries

%  High PFAS-contamination
in Rhein tributary rivers
Ruhr, Emscher and Lippe
(near the city of Essen).

RIVM Institute:

Calculation of a maximum

permissible
concentration (MPC) for
surface water: 0.65 ng/1

Skutlarek, Firber, Exner, University Bonn, March 2006)
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PFOS/PFAS levels North Sea

%,  PFOS and PFOA levels %_fgﬂ
Rhein approx. 10 ng/1 é},@“_ P

%, PFOS levels close to coast 2 &5 07 J
to 4 ng/1 0o g i

& PFOA/PFOA levels in open |™ s
sea around 0.1 to 0.5 ng/1 "L

Y,  PFBS in same order of [ s
magn. but still lower. "

RIVM Institute: -

Calculation of a maximum 0.0
permissible concentration s . °.
(MPC) for surface water: * - PFBS o PFOA mPFOS
0.65 ng /1
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PFCs in European food
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PEFCAs, PFSAs and FOSA levels in seafood and fish

2845 seafood fish 477 302
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2, 612
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Food packaging materials — source of PFCs in food
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Identification & Control of new POPs in the life

. cycle stages and role of stakeholders

Different stakeholders have their role in the identification
and control of (new) POP in the life cycle of

articles/products
PARTY/
Production and use phase COUNTRY waste Management
Trade & Sales 5 >
Import - 5 : : : Export
. va. Produc_t|on “Government . |End-of-Life Articles/Stockpiles . Gov.
« Custom - chemicals * CA Market | |+ Government « Custom
- products Surveillance [ | |+ MoE, Mol
- articles : |+ Factory inspection
* Government Use
* Mol; MoE NGOs — , //, . \\
« Factory insp. -Citizen Recy(:;llng Thermal Landfill N
« Government treatmentst | | *Government D
Re-use | | ®MoE;Mol “Government \ | *Factory insp.
‘NGOs * Local:inspection *Factory insp.
+Citizen :
- J Biosolids/Sewage Sludge fe-----
Multiple Sources | Government! Multiple Sources
""" > «Agricultural ministry il
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X SYI.

Life Cycle PFOS (PFCs)

Emission Sources Environmental  Exposure
Transport Routes
Thermal ? Intergenerational
(e.g. incineration,
metal industry, Atmosphere *
industrial fires) —l .
PFC Production [ Inhalation
(e.g. PFOS, PFXS, PFOA,
PFXA PF-
telomerealkohole etc.)

Plants Foqd ingestion
Reservoirs

(landfills,

contaminated

Occupational
Land
sites, stockpiles Drinking
sludges, soils, Water
sediments)
SSI Accideptal
PFC Use
: Products
(e.g. production teflon, . impresmation spray Indoot
carpet, paper, use & 5 . .
AFEF, Chromium catpet, leather Aquatic Shellfish (dust, air)
. . textiles, paper, etc.)
plating, photo resist,)
D 1 A |
ot Res NCCyCIcd
’ : RPspsehfceryre
“7aNA 6‘395 k 2 .

2, O
Y Nl
"°du‘o’> o
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PFOS uses and
_potential sources
Carpets

;NS

Paper and
/ l AFFF packaging

Performance
chemicals e.g.
semiconductor

manufacture ————m

Clothing

PFOS deliberately manufactured, present as an impurity
and potentially as a degradation by-product
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Special care needed for industrial chemicals like

[ )
[ ]
' D C A U . C 1 NUINMCcrou DITOCC C AIld Dd

Upstream

End products
Chemical -

producers

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

surface treatment

> fix-unit

anti-reflective

coating

adhesive

N% dispersion D

solder

paint

metal

surface treatment
Photo resist JN
/ De-smearin
‘ etchmg J S

plating

other use

(_4 semlconductor
photo masks \(

parts, modules
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PFOS based aqueous fire fighting foams (AFFF)

In 2005 the Buncefield oil refinery

suffered the worst petroleum fire
within the UK for some decades.

It has been estimated that
approximately 25% of
the national reserves
of firefighting foam
containing PFOS
available in 2005 -
approx. 500 kg were
used.
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What are Potential Alternatives to PFOS?

Other Per-/Poly-Fluorinated Compounds

%  C6: Fluorotelomer-based six fluorinated carbon functionality
compounds

& C4: Electrochemical fluorination-based four fluorinated

carbon functionality compounds - Perfluorobutane sulfonate
(PFBS) [Shorter chain perfluoroalkyl sulfonates]

% Mono and poly fluorinated ether functionality compounds
(e.g., CF3 or C2F5 fluoroalkyl polyethers)

% Fluorinated oxetanes

% Other fluorinated polymers

Research Centre for Toxic Compounds in the Environment 19
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Analytické metody

Y% Zpusob detekce zavisi pfedevsim na typu vzorku a na ucelu
stanoveni

% Metody: destruktivni X nedestruktivni

specifické X méné specifické

Research Centre for Toxic Compounds in the Environment
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Analytické metody — detekce fluoru v
organicky “aninich

n  Metody neutronové aktivace nebo fluorescence

- nizka citlivost, neumoznuje identifikaci a kvantifikaci
jednotlivych organofluorovych sloucenin

2) Stanoveni hofenim (spalovanim)

- nutné prisné podminky

Metody lze pouzit pro determinaci celkového fluoru v prostfedi a
v biologickych vzorcich

Research Centre for Toxic Compounds in the Environment
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Analytické metody — detekce perfluorovanych
surfaktanti

% PouZiti derivatizacnich technik spojenych s plynovou
chromatografii a naslednou spektrometrickou detekci

% Nizka tékavost PFOS a nestabilni derivaty & koncentrace
PFOA v biologickych vzorcich méfena pomoci HPLC a

fluorescencni detekce

%  NMR - detekce perfluorovanych surfaktanta v biologickych
vzorcich, méfeni FOCs v kontaminovanych vzorcich vody a

analyza FOCs z lidské krve

%  Potfeba vyvijet dalsi metody detekce PFCs v biologickych a
environmentalnich vzorcich a k dokonalejSimu monitoringu
téchto latek v atmosféfe
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LC/ESI(-)-TOF-MS chromatogramy

PFOs PFOSA
isomers Isomers

r—"ﬁf_,\_
PFOA ‘[

! !
14 16
8:2 FTOH

42FTOH  6:2FTOH

ﬂlﬂ?
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Hazards associated with the recycling chain

Recycling chain

Metallurgical

3ol - Size reduction -

and separation

treatment

- Final
treatment

Removal of hazardous Shredding Smelting Incineration and

components landfilling

Emission of metal
fumes, mixed
chlorinated and

Hg switches: Hg
Batteries: Cd, Pb, Hg

Gas discharge lamps:
Hg

Formation of dust . .
Emission of metal

fumes, PXDD/Fs

particles containing
plastics, metals,

brominated dioxins

ceramic and silica and furans Leaching of heavy
CRTs: Pb, phosph
s: Pb, phosphors (PXDD/Fs) metals and BFRs
— Risks in the recycling and waste treatment process
S = ()4 Research Centre for Toxic Compounds in the Environment 202
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Sources of problems
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Global movement of e-waste

Export of e-waste

(PCB wastes # e-waste)

Major Exporters
(high labour costs, stringent
regulations)

North America

.. gl

e Nl T

.m%“
= -

- ¥
' WESTERN
EUROPE ij

73
5 f/! EASTERM

CHINA
T < “
SENEGAL— EGYPT |INDIA
IVORY COAST—=s7 = NIGERIA
GHAMA PAKISTAN
BENIN VIETMAM HONG
KONG
[l From North
America
[ From Western
Europe Source: Greenpeace, Basel Action Network

e

EUROPE

&

(USA: 50-80% for export)
Europe

O
“ranp B

Who gets the trash?

Sources: Basel Action Network, Silicon Valley Toxics Coalition,
Toxics Link India, SCOPE (Paldstan), Greenpeace China, 2002.
NB: the arrows thicknesses are not proportionnal to the traffic.

* Main ports where e-waste
is received and dispatched

Australasia
Importers
China (70%)  The Philippines
India Malaysia
Pakistan Nigeria
Vietnam Ghana
;@QERS'%& Research Centre for Td
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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 with open burning 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
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PBDEs/BFRs contamination of recycled plastics

What is the flow of PBDE/BFR in recycled materials? What
articles are contaminated? What are risks to human and the
environment?

¥

Vpdared

PBDE /BFRs in video tapes (5/5) PBDE in children toys South China
(Hirai et al, BFR 2007.) (Chen et al, ES&T 43, 4200, 2009)

%  The recycling flow of PBDE/BFR containing plastic seems
largely uncontrolled. Hence further allowance of recycling of
PBDE containing articles (currently) increases the  Roland Weber
environmental and health risks in an uncontrolled manner!




Where does e-waste and waste plastic end up ???

E-WasIE necyQing Sies v \

© Known \\ {

u Suspected \ \

% Main ports where e-waste is received and dispaiched
|~ E-waste traflic SENES

k- Main e-wasie recycling countries

UNEP Newsletter 2006 (BAN investigation 2004)

China received 50-80%
of all E-waste exports
(2006 legisl)

Other importers: India,
Pakistan, Vietnam,
Philippines, Ghana,
Nigeria etc.

Large share waste
plastic EU (others?) is
exported to China

Recycling & end of life
treatments here?

Roland Weber
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Risk assessment end of life treatment

E-waste is one major PBDE/BFR containing waste stream often
processed with primitive technologies with high exposure and
huge environmental contamination.

Open burning of e-waste, Accra, Ghana Ashes from e-waste burning covered
(Photo: Kate Davison, Greenpeace) with sand and dumped at
Langjiang river Guiyu, China
Rescarch Centre for Toxic C« (Photo: Basel Action Network)

http:/ /recetox.muni.cz Roland Weber




Total toxicity of contaminant mixtures at e-waste
PP?P

PBDEs + 75 other BFRs on market,
PhosphorFR, Phthalates, PCBs etc.

PCDD/Fs; PBDD/Fs, PXDD/Fs,
OHPBDE, PAHs;X-PAHs, Heavy
Metals

Total TOXICITY?

Associated Risks?

areas complex polluted site.
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E-waste material flow changes: second TV from

Japan (2006)

E-waste flow and recycling to Mainland China (HK & other) and

other SE Asia
T —
China: 6C,241
\w Hong Kong: 1,539,433
e, @
Vietnam: 60,371
{ AY EPhlllppmes 370,477
Cambodia: 103,219 / @ﬂ‘ Source: A. Terazono, NIES
G \x\ ﬁ&} Workshop Kyoto 2008
Q\ - Roland Weber
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Japan (2007)

E-waste material flow changes: second TV from

% Shift of flow to other SE Asian countries

be controlled

%, E-waste flow and recycling in other (Asian) countries need to

China: 311,254

X, Philippines: 467,670
Cambodia: 94813/ T,

LA

Source: A. Terazono, NIES
Workshop Kyoto 2008

Roland Weber
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Chemicals in products/articles

Samples:

- Liquid crystal display (LCD) TV, Laptop PC, Power supply unit
- Wallpaper, Curtain, Heat insulation material

Target compounds:

Organobromine compounds (PBPhs, TBBPA, HBCDs, PBDEs)
Phosphoester plasticizers and flame retardants (TMP, TEP, TPrP, TBP,
TCIPP, TCEP, TBEP, TDCPP, TOP, TPhP, TCP)

Analytical method:

- Samples were pulverized by frost shattering using liquid Nz.
- HRGC/HRMS and LC/MS methods. i
Pulverized samples

Rear cover

Front cover
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Chemicals in products/articles

[ A

I.CD panel

Printed circuit board

Printed circuit board
(power supply unit)

Printed circuit o,
%Mﬂ. b nds in the
N %, o i
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