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Motilci delovanja endokrinega
sisfema
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o snovi, ki spremenijo delovanje hormonskega
sistema

o 87000 hormonskih motilcev

o industrijske kemikalije (75500)

o dodatki v kozmetiki in Zivilih (8000)
o pomozne snovi v pesticidih (2500)
o aktivne snovi v pesticidih (?00)
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Organokositrove spojine - OKS

w
F -

Lgradba
R R :organski ligandi (metilna, etilna, butilng,
| oktilna, cikloheksilna skupina, ...)
S """" X
R/ X : anionski ligandi (halid, hidroksid, acetat,
R oksid, )

Kratica Spojina

TBT tributil kositer
DBT dibutil kositer
MBT monobutil kositer
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Polibromirani difenil etri - PBDE
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Table 1: Homologues, number of isomers for each homologue group and nomenclature for PBDEs.
Homologues Chemical formula Number of isomeric Congeners
st (Molecular mass) CONZENers g ) Br o Br o B Br B
monoBDEs C1zHeBriO (MW: 249.1) 3 BDE-1 to BDE-3 . ©\Br o [yl o o f ] @Br
diBDEs C12HBr,O (MW: 328.0) 12 BDE-4 to BDE-15 Br
_ BDE-28 BDE-47 BDE-99
tnBDEs C1oH7Br;0 (MW: 406.9) 24 BDE-16 to BDE-39
Br Br Br Br Br Br
tetraBDEs C12HsBryO (MW: 485.8) 42 BDE-40 to BDE-81 ° o
<_pentaBDEs C1oHsBrsO (MW: 564.7) 46 BDE-82 to BDE-127 B,/© &;@ B Br B Br B,ﬁar
Br Br Bl
hexaBDEs C1:HiBrsO (MW: 643.6) 42 BDE-128 to BDE-169 BDEA00 BOE-153 S
heptaBDEs C12H;Br70 (MW: 722.5) 24 BDE-170 to BDE-193 B Br B Br
Br. Br
octaBDEs C12H;BryO (MW: 801.4) 12 BDE-194 to BDE-205 Q/OIjB’ W
Br br
nonaBDEs C.H,Br,0 (MW: 880.3) 3 BDE-206 to BDE-208 Br L Br Br o L
1 BDE-183 BDE-209

< decaBDE

C12Brig0 (MW: 959.2)

BDE209 >

Vir: EFSA, 2011
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o Zaviralci gorenja
o /acetek proizvodnje 1976

o Uporaba v elektricnih in elektronskih
izdelkih, pohistvu, tekstilnih izdelkih, plastiki...




PBDE - zgodovina in podrocja
uporabe

o Zaviralci gorenja
o /acetek proizvodnje 1976

o Uporaba v elektricninh in elektronskih izdelkih,
pohistvu, tekstilnih izdelkih, plastiki...

Penta-BDE commercial mixture Octa-BDE commercial mixture Deca-BDE commercial mixture
(47, 85, 99, 100, 153, 154) [153 183, 196, 197, 296, 209) (209)
Lli_\ Ban ned from the Z l_T l_T
(Di E];]UE]nE;rlkf;EU] Tlhe use of dﬁcal—BDE_ ir'|I
- ir r——* electronic and electrica
‘___—.7 equipment has been prohibited

in the EU since 2008 under the
EU Restriction of Hazardous
Substances Directive (RoHS).




PBDE — izpostavljenost

1§ are not bound to and settle into dust hand-to-mouth contact

Flame retardants They off-gas from foam Dust is ingested through
foam.
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PBDE — izpostavljenost

Flame retardants
are not bound to
foam.

They off-gas from foam
and settle into dust

Dust is ingested through
3 hand-to-mouth contact

= Studies conducted in Inuit populations in Arctic Canada reveal
their breast milk samples contain contaminants at levels similar
10 toxic waste.

« Levels of PBDES have recently been measured in Inuit
populations. These levels are on the rise from those of
15 years ago,

> + Changes in temperature allow for PBDEs oW
@ @ .©°©° to move long distances as they settle in » g " \ N
g R AL cold climates and volatilize in warm climates, Ay 5.0 —)@-
L This is known as the “grasshopper effect.” ©@ A
Q-0 2 ' RAVEVE
5851 \ ) \/ \/H\
\ ‘ Bé o
‘ s/

. d flar In fatty tissue,
especially in animals, and are absorbed by organic
material such as water,soil, and plant life, including forests.




Prisotnost PBDE in OKS v biofi
Ctecoten  STEN Sompletpe DO References
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Fish ng g ww
Finland Sea 2007-2008 farmed fish 0.9-17 (5°”“‘;';‘1*'1") etal.
Baltic Sea 2004-2006 herring, salmon 12-25 (szgrgf;gil‘g;e"
Belgium Sea 2003 plaice, whiting 0.06- 6.1 (V°°'sgg§;‘)' etal.,
German rivers 2013 BTEGT 0.14-18 (Lohm;:’r:r;,)ei al.,
England rivers 2007-2011 ok 244 (Jiirgzeglsé)et al.,
Czecl';iszf. EBS 2002-2003 chub, bream, trout 2-18 (Pug(l':t’g&;’:' et |
Norway lakes 1998-2004 brown trout 0.3-23 (Muriu;;gg, etal, |
Italy 2011-2012 halibut, blue fish, frout 0.03-0.5 (M""‘;'(';rz)ei al.,
Mussels ng g'ww
Greece 2005-2007 mussel 0.07-1.51 (Dosis, et al., 2016)
Portugal 2002-2004 mussel 0.18-0.86 (Gar;l(;:],st al.,
sirros  (Cdonerico
Belgium 2002 mussel 0.15-1.8 (COV;;(;,S ()ei al.,
Norway 2002 mussel 0.2 (Knui;gcl;!,3 )ei al.,
UK. 2006 mussel 0.2-3 (Fernandes, et al.,
Birds ng g' lipid
Island 2002-2004 eider a4 (Jér::ti;gfgir, et
Island 2002-2004 great skua 2400 Ua’::‘:’;g?gr, et
Belgium 2001-2003 buzzard 17-4400 (Voorspoels, et al.,
Belgium 2001-2003 sparrow hawk 79-18000 (Voorspoels, et al.,
Mammals ng g! lipid
Belgium 2004 red fox 1-44 (Voorsgg:ls) etal,
Norway 2001 polar bear 13-70 (Woll;%r;‘,‘)et al.,
Norway 1999 ringed seal 14.1-23.7 (w°";%';"1)e' al,
Greenland 2006 dolphin 249-308 (Rolu;gT;,)ei al.,
Island 2003-2006 Minke whale sam  (Rotareen etal.
Norway 2006 ringed seal 21-33 (R°'°;g1e; etal,

MBT DBT TBT
MM Santos et
PT <0.3-3.1 1.2-5.1 13.2-29.6 al., 2009
sardine FR 12 17 15 T G"ezf")g 7e1 al.,
(Sardina AP Louppis et
pilchardus) GR nd. nd. 0.10-19.50 al,, 2010
SP n.d. n.d. 7.40-143 OT SAFE 2004
FR 13 046 15 TGuenn et al.
Anchovy
d d 0.20 - 4.35 AP Louppis et
GR n.c. n.c. ey al., 2010
n.d. n.d. 12.7-20.8 =~
sp nd. nd. 1.60-123  OTSAFE2004
T Fortibuoni et
IT nd. n.d. 3dw al., 2013
- SP n.d. n.d. 0.40-9.0
Whiting NL n.d. n.d. 0.80-1.60 _OF SAFE 2004
T Fortibuoni et
*
T n.d. n.d. <LOD al,, 2013
BE n.d. n.d. 0.80
Salmon DE n.d. n.d. 0.40-330 _ OTSAFE 2004
n.d. nd. 245-285 oo
FR T Guerin et al.,
1.80 1.90 0.70 2007
SP n.d. n.d. 0.80 - 4.50
GR n.d. n.d. 5.30 O SAFE 2004
Seabream TGuerinetal.,
FR 1.1 1.0 1.0 2007
T Fortibuoni et
IT n.d. n.d. 7 dw al, 2013
GR n.d. n.d. 0.40-2.80 OT SAFE 2004
Seab TGuerinetal.,
FR 1.1 14 4.3 2007
T Fortibuoni et
IT nd. nd. 4 - 50 dw al. 2013
SP n.d. n.d. 1.60-9.80
SaLid GR n.d. n.d. 040-1.40 _ OTSAFE2004
TGuerinetal.,
FR 0.9 14 10.0 2007
ES n.d. n.d. n OT SAFE 2004
Mussel nd. n.d. 2-26 OT SAFE 2004
FR :
T Guerin et al.,
0.8 0.5 11 2007
GR n.d n.d 3-12
IT n.d n.d 132 - 307 OT SAFE 2004
NL n.d n.d 2-8
MM Santos et
PT 3.8-9.1 29.1-32.2 70 - 100 al., 2009
UK n.d. n.d. 2.50-21.0 OT SAFE 2004
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Prisotnost PBDE in OKS v biofi

o PriporocCilo EU 2014/118/EU o monitoringu prisotnosti bromiranih
zaviralcev gorenja v zivilih

zahtevana meja detekcije <10 pg g™!
monitoring izveden v Casu 2014-2015
3971 vzorcev zivil

O O O O

Belgija, Ceska, Nemcija, Estonija, Spanija, Finska, Francija, Irska,
Nizozemska, Norveska, Anglija

o izmed 19 kongenerjev najbolj pozorni na BDE-28, BDE-47, BDE-
99. BDE-100, BDE-153, BDE-154, BDE-183 in BDE-209

o rezultat: - najpogosteje doloCena BDE-47 in BDE-209

- koncentracije nizke, ki naj ne bi ogrozale ljudi
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Analizni postopek

OKS PBDE

Predpriprava vzorca
(homogeniziranje, liofilizacija, ...)

A

Predpriprava vzorca
(homogeniziranje, liofilizacija, ...)

A

1=}

Ekstrakcija

A 4

Ekstrakcija

o

[ Ciscenje ekstrakta / Koncentriranje

J

¥

LoCba in detekcija
(GC- ECD, GC-MS, GC-MS-MS,
GC- ICP-MS)

h

LoCba in detekcija
(GC-PFPD, GC-MS, GC- ICP-MS)

| |
[ |
| |
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Bioloski vzorci
+

Interni standard / izotopsko obogaten standard

A

Ekstrakcija

(0,1 mol L' HCI v metanolu, mehansko stresanje 2h,
ultrazvok 1h)

o

Derivatizacija/Ekstrakcija
(2 % NaBEt, izo-oktan, 45 min stresanja)

A4

Lo¢ba in detekcija
GC-ICP-MS

+ ekstrakt vzorca
+ acetatni pufer (pH 4.8-5)
+ NoBEt, (2%)

+ izooktan

Fd

organska faza (2uL)
|
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Analizni postopek

OKS

{ A
Bioloski vzorci
+
Interni standard / izotopsko obogaten standard
. J
{ 3\
Ekstrakcija
(0,1 mol L' HCI v metanolu, mehansko stresanje 2h,
ultrazvok 1h)
. J

: . N ok | Rbe | Skoke | Mehkvici
Derivatizacija/Ekstrakcija (pg Sn kg") LOD LOQ LOD LOQ LOD LOQ
(2 % NaBEt, izo-oktan, 45 min stresanja)

0.036 0.117 0.047 0.155 0.061 0.203

MB
‘ 0011 0035 002 0085 003 0130
0014 005 0018 0060 0059 0195

Lo¢ba in detekcija
GC-ICP-MS
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PBDE

| 025gfreeze dried tissueor 15 g fresh tissue |

! |
[ +®'Brenriched PBDEs | organska faza
| | )

10 mL 25 % TMAH in H.O
Ultrasound assisted extraction, 30 min

|

50 mL Tris-citrate buffer (pH 6) + 2 mL iso-octane
Mechanical shaking, 2 h (300 rpm)

|

e
Organic phase collected + 0.5 mL 25% KOH in MeOH
Centrifugation, 5 min 5000 x g

Extract (iso-octane) passed through a Florisil column,
evaporated under Nz to 30 pL

| |

GC-ICP-MS [ ID-GC-ICP-MS

Vir: Novak P. in sod., Journal of Chromatography A, 2017




PBDE

[ 0.25 g freeze dried tissue or 1.5 g fresh tissue

| !
[ +51Br enriched PBDES ]
! !

10 mL 25 % TMAH in H.O
Ultrasound assisted extraction, 30 min

|

50 mL Tris-citrate buffer (pH 6) + 2 mL iso-octane
Mechanical shaking, 2 h (300 rpm)

|

e
Organic phase collected + 0.5 mL 25% KOH in MeOH

L Centrifugation, 5 min 5000 x g

-,

A

|

p
Extract (iso-octane) passed through a Florisil column,
evaporated under Nz to 30 pL

"
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v |

GC-ICP-MS ID-GC-ICP-MS

Vir: Novak P. in sod., Journal of Chromatography A, 2017

congener

(ng g’ ww)
0.003
0.006
0.008
0.004
0.005
0.009

BDE oD | __10Q |

(ng g’ ww)
0.011
0.019
0.027
0.013
0.015
0.030




L4

Fd

ERA Chair

Analizni postopek

Dolocanje koncentracije
» metoda standardnega dodatka
» metoda izotopskega redcenja

Ay

[ ] —

b a a
Naravno Obogateno Mesanica C = msp M s Asp Rb,m - I:\)b,sp
izotopsko izotopsko s~ Msp a a b
razmerje razmerje m M sp As 1- Rb,m Ra,s

C,, s - koncentracija elementa v vzorcu oz. dodatku

m. .. - MAsA vzorca oz. dodatka
M. ., - afomska masa elementa v vzorcu oz. dodatku

R4, - izotopsko razmerje med izotopoma ain b
A, - delez izotopa a v vzorcu
A, - delez izotopa b v vzorcu

s.Sp
s, sp




OKS in PBDE v ribah iz slovenskegd===
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TrZISCQO

o OKS

}1:171)
Vrsta Poreklo
-- (ng Sn g’ mt) (ng Sn g-' mt) (ng Sn g'' mt)

<0.011 0.158 +£0.010 0.158

Sl 0.0480 + 0.0005 0.226 +0.025 0.274

Brancin GR 0.0620 + 0.0005 0.266 +0.024 0.328
Cr-wild 0.333 +0.025 1.90£0.15 2.233

Orada Sl-wild <0.011 0.353 +0.025 0.353
Sl <0.011 0.162 +0.012 0.162

Sardela Sl <0.011 1.35£0.12 1.35
CR <0.011 3.82+0.25 3.82

Sl <0.039 0.688 £ 0.053 0.688




OKS in PBDE v ribah iz slovenskegd===
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TrZISCQO

o PBDE

BDE 28 BDE 47 BDE 99 BDE 100 BDE 153 BDE 154

The sardele 0.11 0.53 0.11 0.080 <lod <lod
Sl onig brancin 0,05 0.18 0.109 0.102 0.060 0.086
Adriatic

seq mol 0.07 0.14 0.069 0.068 0.034 0.065

Slovenia Skoljke 0.03 0.09 0.05 0.07 <lod <lod
market
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