CHEMIE ZIVOTNIHO PROSTREDI IV

Vybrané typy environmentalnich polutantu
(04/04)

Polychlorované bifenyly (PCBs)
Osud, ucinky

Ivan Holoubek

RECETOX, Masaryk University, Brno, CR

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




Cesty distribuce PCBs

v~

el

PCB source
[@ = ]
v vyt I
& = e S N i . .
* = e’ akd >4 .
v - ) ¥ marine
e ";. ,;_“/ ‘o PR

mammals

. O'v.ﬁﬁsh

-

A s mussels ‘ e sediment

Figure 5.3.5 Ways of distributing polychlorinated biphenyls (PCBs)
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Bioakumulace PCBs
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Figure 5.3.6 Bioaccumulation of PCBs
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Bioakumulace PCBs

Figure 6-7

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

of Canada.)
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Globalni distribuce PCBs

Slozka prostiedi Celkové zatiZeni prostiedi Pomér ke svétové produkci [%0]

[t] [%]

Terrestrické a pobfeZni oblasti

Ovzdusi 500 0,13
Ri¢ni a jezerni voda 3500 0,94
Mofiska voda 2400 0,64
Puda 2400 0,64
Sediment 130 000 35
Biota 4 300 1,1
Celkem (A) 143 000 39

Otevieny ocean

Ovzdusi 790 0,21

Moiska voda 230 000 61

Sediment 110 0,03

Biota 270 0,07

Celkem (B) 231000 61

Celkové zatiZeni (A + B) 374 000 100 31
Degradovano a spaleno 43 000 4

Zasoby 783 000 65
Svétova produkce 1200 000 100

ouZivang ] a  produk deponované na
%\‘IE SP&7 RS e y P ty P . . .
3 5. skladkdeh \" Research Centre for Toxic Compounds in the Envirohment

g o B
S O http:/ /recetox.muni.cz

O

wt
A
%




Globalni distribuce PCBs a kontaminace ptdy
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Predikované koncentrace PCB-101 v tkanich pro rizné
vékové skupiny v UK narozené mezi 1920 a 1990
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Rozklad PCBs
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Figure 5.3.7 Decomposition of PCBs
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Aerobni rozklad PCBs

Figure 10-9 Cl, Cl,
Example of the aerobic
degradation of PCB
molecules.
OH OH
OH
H +

other
acyclic
products
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Schéma expozicniho metabolismu a transformace POPs v
lidském organismu

ROUTES OF EXPOSURE

GI TRACT
Ingestion —>
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Metabolismus PCBs

Metabolism of a PCB
usually begins with
oxidation (the addi-
tion of oxygen) under
the influence of an
enzyme of the cyto-
chrome P450 type.
Here we shall look at
how this affects one
of the dioxin-like
PCB congeners.

The immediate result
is what is known as an
arenc oxide, but here
the oxygen atom is
incorporated in such
an unstable group that
this first metabolic step
is very short-lived.

The unstable group is
quickly broken up and
usually replaced by a
hydroxy group, in
some cases (as here)
after the oxygen atom
has changed places
with a chlorine atom.
The hydroxy group
makes the molecule
relatively soluble in
water, which normally

enahlecir ta he ranidly

Metabolism of PCBs

Example of original congener
(3,3'4,4'-tetrachlorobiphenyl)

unstable

group

Reactive metabolite
of arene oxide type

Hydroxy metabolite (4-hydroxy-
3,34’ 5-tetrachlorobiphenyl)

excreted.

However, the
hydroxy metab-
olite shown
above has
certain simi-
larities to the
thyroid hormone
thyroxine. As
a result, it is
retained in the

body after all.

After the arene oxide
stage, certain PCB
congeners can be con-
verted into methyl-
sulphonyl metabolites.
These may also remain
in the body, however.
The variant depicted
here, for example, has
been found in a bound
form in the livers of
rats, otters and mink.

Thyroxine

. methylsulphony! group

Methylsulphonyl metabolite
(8-methylsulphonyl-2,2’,4’,5,5’-pentachlorobiphenyl)
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Schéma metabolické transformace PCBs
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Metabolismus PCBs
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FIGURE 6.3 Metabolism of PCBs.
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Antagonismus thyroxinu

Normal
Transthyretin
Retinol (r) (TTR)
RBP —m8M8M8 > RBPr7—>TTR-RBPr —
Ta

In presence of TCB

3,3'4,4-TCB _MO_» TCBOH TTR-TCBOH
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Ts It
T4
|
e
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|
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L-Thyroxine (Ty4)

FIGURE 6.5 Thyroxine antagonism. Mechanism of toxicity of a polychlorinated biphenyl. Retinol (r)
binds to retinol-binding protein (RBP), which is then attached to transthyretin (TTR). Thyroxine (T )
binds to TTR and is transported via the blood in this form. The coplanar PCB, 3,3",4,4 “tetrachlorobiphenyl
(3,3°,4,4"-PCB) is converted into hydroxymetabolites by the inducible cytochrome P450 called P4501A1.
The metabolite 4"-OH-3,3"4,5 “tetrachlorobiphenyl (TCBOH) is structurally similar to thyroxine and
strongly competes for thyroxine binding sites. The consequences are loss of thyroxine from TTR, the fragmentation
of the TTR-RBP complex, and loss of both thyroxine and retinol from blood. After Brouwer (1991).
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Toxicita vybranych PCB kongenert

3,3,4,4-TCB
3,3,4,4',5-PeCB

3,3,4,4',5,5-HxCB

2,3,3,4,4-PeCB
2,3,4,4 5-PeCB
2,3,4,4',5-PeCB

2',3,4,4',5-PeCB

2,3,3,4,4' 5-HxCB
2,3,3,4,4,5-HxCB
2,3,4,4 55-HxCB

2,3,3,4,4'5,5-HpCB

Toxicity of certain PCB congeners
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Klinické pfiznaky otravy YUSHO

Efekt na:
kuzi
zlazach
nehtech, mukoéznich
membranach
jatrech

plice
sérové lipidy
imunitni systém

Zenském reprodukénim
systému
nervovém systému

placenté
novorozencich

Anamnéza:
hyperkeratogeneze, hyperpigmentace, akné
otoky, hypersekrece
pigmentace

zvySeni sérové transaminasy, alkalické fosfatasy, pokles
sérového bilirubinu

chronicka bronchitida (zpasobena sulfonovymi metabolity)

zvySeni sérovych triglyceridd

zvySena nachylnost k infekcim, sniZeni hladin
imunoglobulini (IGA, IGM),

pokles bunécné imunity

ovlivhéni menstruacniho cyklu

sniZena rychlost vedeni nervovych impulsu

v perifernich nervech, senzoricka neuropatie

indukce enzymu

sniZeni porodni vahy, hyperpigmentace kizZe a mukéznich

memhrén, nh]i(“ejnvé nfnky, abnormalni kalciferace ]ehky
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Obecné schéma biotransformace monooxygenazou

RH + (NADPH + H") + O, —» ROH + NADP* + H,O
xenobiotikum hydroxyderivat
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Metabolismus PCBs

Interacts with Polychlorinated biphenyl

various receptors / \

Stable metabolite = Reactive metabolite
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Persistence PCBs a PCB metabolitu

Obecné, PCB s jednim nebo vice Cl v ortho polohach {sou

; J p J
persistentnéjsi nez kongenery nesubstituované v ortho
polohach.

Nejenze jsou ortho-PCB metabolizovany pomaleji, ale nékteré
metabolity jsou také méné vyluCovany.

Persistence vétsinou limituje proveditelnost prvniho kroku
metabolismu (CYP-katalyza).

N¢ékteré metabolity s ortho chlory jsou pfednostné vazany v krvi a
tkanich.
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Metabolismus PCBs

Polychlorinated biphenyl
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Biotransformace

Intenzivné studovan 3,3°,4,4"-tetra-chlorbifenyl.

TCB je nejprve metabolizovan cytochromem P450 (CYP1A) na
epoxidy.

Epoxidy vznikajici ptisobenim CYP mohou byt pfeménény na
hydroxylované metabolity, hydrolyzovany na dihydrodioly
nebo reagovat s GSH.

Hydroxylované metabolity mohou byt oxydovany na katechol a
hydrochinon metabolity nebo konjugovany na sulfaty nebo
glukuronidy.

GSH konjugaty jsou pfeménovany na kyselinu merkapturovou

nebo methylsulfonové metabolity.

Research Centre for Toxic Compounds in the Environment 27
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Lipofilita PCB metabolitu

Compound Estimated lipophilicity

CB-77

4-hydroxy-CB77

Glucuronide of hydroxy-CB77
Sulfate of hydroxy-CB77
Glutathione conjugate of CB77
N-acetylcysteine conjugate of CB77

Methylsulfone of CB77

CB-77 is 3,3°,4,4"-tetrachlorobiphenyl

5.8
5.4
3.7
RRY
2.6
4.8

4.7

http:/ /recetox.muni.cz
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Lipofilita PCB metabolitt
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Lipofilita PCB metabolitt

Compound Estimated log P

CB-153* 7.1
mono-hydroxy-CB153 6.7
methylsulfone of CB153 5.8
glucuronide of hydroxy-CB153 5.2
sulfate of hydroxy-CB153 4.8

glutathione conjugate of CB153 3.7

* CB-153 is 2,2°,4,4",5,5"-hexachlorobiphenyl
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Druhové rozdily

Vodni bezobratli metabolizuji vSechny PCBs extrémné pomalu ve

0 84

srovnani s vySSimi organismy.

Ryby vykazuji rozdily mezi druhy a organismy pokud jde o
schopnost metabolizovat PCBs se stejnymi trendy jako v
ptipadé vyssich obratlovcii.

Hmyz miuZe metabolizovat nékteré PCBs velmi uCinné.

Savci metabolizuji non-ortho PCBs rychleji neZ ortho-
substituované PCBs.
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Vlastnosti hydroxylovanych PCBs

Hydroxylované PCB mohou tvofit glukuronidové a sulfatové
konjugaty a mohou byt snadnéji vyluCovany moci a Zludi.

m- a p- hydroxylované PCB vazané na proteiny plasmy, nejsou
pfijimany jatry Ci jinymi organy a nedochazi tak k jejich
konjugaci.

Hydroxylované PCBs nejsou vhodnymi substraty pro
glukuronidizaci a sulfonaci.

Research Centre for Toxic Compounds in the Environment
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Methylsulfonové metabolity
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Nckteré persistentni MeSO, metabolity

3-methylsulfonylCB101 4-methylsulfonylCB101

O
\ CHj

cl S
O \ Cl
0
Cl Cl
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Cl S
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g8
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Vlastnosti methylsulfoni PCBs

Neékteré 3-methylsulfon metabolity jsou pfednostné zadrZovany v
jatrech.

Nékteré 4-methylsulfony se kumuluji v tucich a byly nalezeny v
mléce.

Persistentni 3- a 4-methylsulfony jsou obtiZné vyluCovany moci a
vykaly.

PCB s 2,5-dichlor- nebo 2,3,6-trichlor-fenylovym kruhem tvofi
methylsulfonové metabolity persistentni v tkanich.

Nékteré methylsulfonové metabolity se bioakumuluji v
potravnich fetézcich.

Research Centre for Toxic Compounds in the Environment 33
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Metabolismus PCBs
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Nazvoslovi PCB metabolitu
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Polychlorované bifenyly - vyskyt v prostfedi
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OH-PCBs ve volné Zijicich organismech

B 26 - 440 ng.g”' w w

# Klasson-Wehler et al., ET&C, 17 (1998) 1620
* Sandau et al, Proc. Third Biennial Int. Conf. on Chem. Measur. and Monit. of the Envir., 247-252. 2000.
o Olsson et al.,, ES&T, 34 (2000) 2733
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OH-PCBs v lososech
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Casové trendy PCBs ve volném ovzdusi

Concentration in air, pg/m?
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PCBs ve volném ovzdusi

Concentration in air, pg/m?
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Figure 4-6. POP concentrationsin am-
bient air from the Bjerneya (Bear Is-
i land) meteorological station and the
- “Zeppelin Mountain® atrmospheric re-
- search station at Ny-Alesund (Sval-
bard) in 1999.
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Casové trendy koncentraci PCBs ve volném ovzdusi
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2 7 PCBs ve volném ovzdusi, observatof Kosetice, Casové trendy,
mediany, vzorkovani jednou tydné, 1996 - 2004 [ng.m™]

Air (Aerosol + Gas Phase), £ PCBs medians, KoSetice, CR

”l”ll.

1997 1998 1999 2000 2001 2002 2003 2004

0,2

0,15

0,1

[ng.m(-3)]

0,05

Years

Vliv povodni na Moravé, 1997 ?7?
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2. 7 PCBs ve volném ovzdusi, observatoi KoSetice,
vzorkovani jednou tydné, 1988 - 2009 [ng.m™]

PCBs in Ambient Air - KoSetice 1988-2009
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PCBs ve dvou jezerech, Bear Island

Depth in sediment core, cm

Ellasjoen
0-1 _

Ehyangen

1.2 —
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Figure 5-19. ZPCB- concentrations in sediment cores sampled from

the lakes Ellasjeen and @Uyangen on Bjerneya in July, 1996 (Even-
set et al., 2002),
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POPs v arktické tresce

Concentration in Arctic cod, na'g w
500 -
400 -

EPCEs
300
200 -

E0O0T=
100 |
T
EHCHs T
Barrow Morhern Jan May=n Bar=nts Sea
Baflin Bay

Figuire 4-39, Concentrations (5031 of ZHCH:, 00Ty, and EPCEs
in Arcric cod colkeaod in Barrow, Alaska (Hockstra, 20026, north-
crn Batfin Bay (Fisk ¢ &f.. 20011, Jan Maven [Gabriclsen e al.,
19975, and that Barents Sea (Bored et al., 200010,
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PCBs a DDT's v tuku s tulenu

Concentration in ringed seal blubber,
ng/g lw

2000

1500 -

1000
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Hladiny PCBs a HCHs v polarnich medvédech

Concentration,
ngfg lipid weight
40000 g 8000 500

30000 6000 400
300

20000 4000
20

10000 2000
100
4] 4] ]

FCBs, fat

FCBs, blood

HCHs, fat

HCHs, blood

blubber carries more fat-soluble pollutants
than other tissues.

The previous AMAP assessment reported
high levels of PCBs and DDTs in polar bears
from the east coast of Greenland and around
Svalbard. Recent studies have revealed even
higher levels in polar bear from Franz Josef
Land and the Kara Sea, with decreasing trends
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PCBs v krvi polarnich medvédu

2PCBs in polar bear blood, ng/g lw
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PCBs v arktickych liskach (jatra, tuk)

>PCB concentration
in Arctic fox liver and fat, ng/g Iw
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PCBs v bobulich, liSejnicich, mesich a ptidach

2 PCB concentration,

Figure 4-12. Concentrations of ZPCBs in berries, lichens, mosses,
and soils from regions in Arctic Russia (RAIPON/AMAP/GEF Pro-
ject, 2001). All samples are pools of numerous samples collected in
2000-2001. Species included in each vegetation group are given in
Annex Table 4.
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PCBs ve svaloviné stik a sivenu

>PCBs in muscle, pug/g lw
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Trendy PCB a DDT ve vejcich

Concentration, micro-g/c lipid weight
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PCBs ve velrybach

Concentration in beluga blubber, pg/g lw

Concentration in beluga blubber, pg/g lw
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Utinky POPs na reprodukci polarnich medvédi

Concentrations, ng/g lipid weight
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POPs v lidské krvi
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POPs v lidské krvi

PCBs in blood, measured as Aroclor, % exceedance
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3. kolo WHO-koordinované expozicni studie

Soucasny stav

% 18 zemi poslalo kumulativni vzorky na analyzu do
referencni laboratofe pfed 31/12/2001.

% 8 zemi poslalo vzorky v roce 2002.

% VSechny analyzy PCDDs, PCDFs a PCBs byly ukonceny v
bieznu 2003.

% Analyza POPs a PBDEs byla provedena poté.

% Soucasné bylo provedeno hodnoceni demografickych dat.
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Piispévky PCDDs/Fs a PCBs k celkové hodnoté
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Mnozstvi (mediany) indikatorovych PCBs v
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Dioxintiim-podobné kongenery v matefském mléce
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Casovy trend PCDDs/Fs v lidském mléce
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POPs v mateiském mléce, studie WHO, 2008-9 —
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PCBs v lidském mléce

SROVNANI HLADIN PCB V MATERSKEM MLECE V RUZNYCH ZEMIiCH

* Reseno v ramei spoleéného projektu VSCHT-FPBT
s Ustavem péde o matku a dité, Praha 4

Obsah PCB* v mateiském mléce
*PCB &.: 28,52,101,118,138,153'a 180

800
600 =
Duarte- 1994 /SCHT-FPBT

Davidson,

ug/kg tukového podilu
H
8
i
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Johansen, H.R. et al.: J. Toxicol. Environ. Health, 42,1994
Duarte-Davidson;,R. et at.: Chemosptiers, 23, 1991
Koopman-Esseboom, C. et at.: Chremosphere, 28, 1994
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Vyroba PCBs v Ceskoslovensku
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PCBs na Slovensku

\ Stropkov District

Michalovce
District

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



PCBs na Slovensku

UloZeni odpada s PCBs v arealu
puvodniho vyrobce Chemko
Strazské
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PCBs na Slovensku

Production Waste

Fate Unknown
2 745 t
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4071t

Odhad inventury PCBs pouZzitych na Slovensku (situace v
listopadu 1997)
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PCBs na Slovensku
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“ O ava

Near Chemko waste storagfl 700
Near Chemko dump T 5800 . .
Fields near Chemko dumpl 400 Waste Disposal Sites
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PCB Concentration [ng/g, dry soil]

PCB hladiny (suma vSech kongenert) v padnich
vzorcich odebiranych v okoli obalovny asfaltu a na
skladce odpaditi Chemko Strazskeé.

Ze pllnkakSnav ake .

L

More detailed map of the polluted
and control areas with rivers and
lakes; the population of the
Michalovce district is 108 000 and
the Stropkov one 20 500

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



PCBs Inventura - Slovensko a CR (2003)

Typ Ident. Neident. Celkem kusu Tun
Kondenzatory 17 296 13130 30 426 (170)
Transformatory 200 206 406 (82)
(Ostatni 119 310 429 (92)
ICELKEM 17 615 13 646 (344)

Typ Ident. Neident. Celkem kusu Tun
Kondenzatory 13 291 6 529 19 820 (330.5)
Transformatory 52 1209 1261 (1350.8)
(Ostatni 4 247 4 247 (1647.4)
ICELKEM 13 343 11 985 25 328 (3 328.7)

11 613 t PCBs bylo pouZito uvnitf bjvalého Ceskoslovenska; kolem 750 000
kusu korek¢nich kondenzatorii bylo vyrobeno (3-20 kg PCBs)
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PCBs Inventura - Slovensko a CR (2003)

11 613 t bylo pouZito v byvalém Ceskoslovensku
CR/SR Inventura — 3 673 t

Tanabeho pfedpoklad - ~ 1/3 vyrobeného mnoZstvi je v
prostiedi

Jesté kolem 3 000 t je nékde — odpady, nekontrolovana a
neregistovana zafizeni, bylo ilegalné zlikvidovano,
neznamo kde
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