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Organokovové sloucCeniny

VYSKYT V PROSTREDI:

Pfirodni ptivod — biomethylace v sedimentech

Antropogenni:

%  Organortut’naté — oSetfovani semen, fungicidy

% Organoolovnaté — antidetonatory, fungicidy

% Organoarsenicné — herbicidy, v 1ékafstvi

% OrganokfemicCité — chladiva, hydraulické kapaliny, maziva,

barvy

% OrganociniCité — moluskocidy
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Zjednoduseny model biogeochemického cyklu

__ sloucenin kovii v redukcnim prostiedi

Volatilization:
e.g. permethylated neutral species,

Me,Sn, MesAs
Input: / \
Solubilization:

-alloys, inorg. Species
e.g. anionic sulphide or

As,Og3, SnO,
organometallic species,

-Organometallic species
Bu,;SnCl, PbEt, H,AsO3S™, Me,AsO(OH)

Reducing
Environment

Immobilization:
e.g. sulphide formation
As,S,

Simplified model of biogeochemical cycling of metal compounds in a reducing environment.
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Organo Hg slouceniny

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

Difenylrtut’ — oSetfovani semen, fungicid, slimicid, vyroba
buniCiny a papiru, barviva

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

THIOMERSAL (ethyl Hg derivat) — antiseptikum

Research Centre for Toxic Compounds in the Environment
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Organo Hg slouceniny

General formula RHgX
where R = CHop,.1, CgHg or CH30CoHs

0
Il
CHgzHgCl  Methylmercuric chloride @Hg —0-C-CHz  Methylmercuric acetate

FIGURE 8.1 Organomercury compounds.
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Organo Hg slouCeniny - vlastnosti

Hlavnim zastupcem je monomethylrtut’ (HgCH,;, MMHg; CAS:
22967-92-6).

Rozpustnost ve vodé je 0,1 g.I'! pfi 21 °C pro HgCH,Cl a 1 g.I'! pfi
25 °C Hg(CH.,),-

Tlak par je 8,5 X 10> mm Hg pfi 25 °C pro HgCH,Cl.

Lipofilita je nizka s log K,y 1,6 pro HgCH,Cl a 2,28 pro
Hg(CH;),.

Bioakumulace — BCFs — 10? — 10%, nejvys$si dimethyltrut’; polo¢as
Zivota — biologicky — Siroky rozsah, vétSinou > 100 dnu,
environmentalni (CH,),Hg - > 300 let v oceanickych

sedimentech.
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Methylace anorganické Hg methylkobalaminem

CHg
N\ | /N

\/|\/

\

N

Methylcobalamine

OHp
N\|/N\
\/|\/

/ \

+Hg?* + H,0 ——>»

+ CH3 pews Hg+

Methylmercuric ion

FIGURE 8.2 Methylation of inorganic mercury by methylcobalamine. From Croshy (1998).
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Environmentalni osud methyl Hg

CoHg

(CH3)2Hg S

Atmosphere

Water

Sediment

FIGURE 8.3 Environmental fate of methyl mercury. Adapted from Crosby (1998).
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Prfipad Minamata (1953 — 1973, Japonsko

V 50. a 60. letech - Japonsko - hromadné otravy zpiisobené rtuti a
jejimi sloucCeniny.

Prvni hromadna otrava byla zaznamenana v okoli zalivu
Minamata v roce 1953.

Béhem nasledujicich tfi let bylo zjiSténo, Ze primarni zneciSténi
je zpusobeno odpadnimi vodami z chemického zavodu
Chisso-Nippon Chemical Plant (vyroba acetaldehydu,
vinylchloridu), ktery téméf tficet let vypoustél do mofského
zalivu slouCeniny rtuti, jenZ se ve vodé pfeménovaly do
methylované podoby.

Methylrtut’ se koncentrovala pfes plankton do tél ryb a tak se

dostala aZ do lidského organismu.
E)é' Research Centre for Toxic Compounds in the Environment
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Prfipad Minamata (1953 — 1973, Japonsko

Nejvice postiZeni pravé rybafi a Clenové jejich rodin, ktefi byli
velkymi konzumenty rybiho masa.

Bylo zaznamenano 116 pfipadu, z nich 71 bylo smrtelnych, od
roku 1956 zemfelo 1 784 lidi.

Obéti zemfiely na nasledky kornaténi mozku, rozpadu bunék v
centrech zraku, sluchu a rovnhovahy.

Ostatni lidé trpéli ,,jen* nezhojitelné poskozenou nervovou
soustavou a z toho plynouci invaliditou.

Od této udalosti se hovofi o tzv. minamatské nemoci.

Research Centre for Toxic Compounds in the Environment
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Prfipad Minamata (1953 — 1973, Japonsko
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Organo Pb sloucCeniny

Antidetonatory pro benzinové motory — TETRALAKYLOLOVO
(TAL = TETRAALKYLLEAD), TETRAMETHYLOLOVO
A TETRAETHYL-OLOVO - 10 % svétové produkce Pb —
zakaz, nahrada.

TAL - pfidavek k benzinovym smésim - HCs o BV 30-210 °C, po
zaZehu se TAL snadno oxiduji na oxidy Pb a v Cele plamene
vytvafi peroxyradikaly usnadnujici hofeni palivové smési.

(CHS
H,C_Pbs_-CH,
\—CH,

tetraethylolovo
(tetraethylplumban)

Research Centre for Toxic Compounds in the Environment 12
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Organo Pb sloucCeniny

75 % pfidavki TAL bylo emitovano do ovzdusi ve vyfukovych
plynech ve formé anorganickych soli olova, 2-10 % ve formé
TAL - odhad 1975 — USA + EU -7 000 t.

Dalsi pouziti — alkylacni Cinidlo pro vyrobu organortut’natych
fungicidu, oSetfovani dfeva, protihnilobné natéry, vyroba
pesticidi, mazivo, katalyzator pro vyrobu PUF.

ont Res
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Organo Pb slouCeniny - vlastnosti

Pfevazné tetramethylolovo (TML, Pb(CH,),; CAS: 75-74-1 a
tetraethylolovo (TEL, Pb(C,H;),; CAS: 78-00-2).

Rozpustnost ve vodé je 17,9 mg.lI'! pro TML a 0,29 mg.l"! pro TEL
piti 25 °C.

Tlak par je 22,5 mm Hg pro TML a 0,15 mm Hg pro TEL pfi 20
°C.

Polocas Zivota — atmosféra - kratky 2-10 hod. v 1été a 8-34 v zimé,
nedochazi k obohacovani ve vzdalené€jSich oblastech;
sedimenty — nékolik dnu azZ tydnii.

Research Centre for Toxic Compounds in the Environment
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Tetraethylolovo — fyzikalné-chemické vlastnosti

Tetraethylolovo je viskdzni, bezbarva, toxicka kapalina, ktera
snadno pronika kuzi.
Zvysuje oktanové Cislo benzinu a zpomaluje jeho hofeni.

Nazev: tetraethylolovo
Vzorec: CgH, Pb Ho
Molekulova hmotnost: 323,44 g mol! | " ¢
Vzhled: bezbarva viskozni kapalina
Bod tani: —136 °C (137,15 K)

Bod varu: 84-85 °C (357,15 - 358,15 K)

Bod vzniceni: 73 °C (346,15 K)

Hustota 1.653 g ml!

Rozpustnost ve vodé: nerozpustné
Rozpustnost v rozpoustédlech: benzen, hexan

Research Centre for Toxic Compounds in the Environment
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Tetraethylolovo - toxicita

R 61: Mize poskodit plod v téle matky

R 26/27/28: Vysoce toxicky pfi vdechovani, styku s kazi a pfi poZiti

R 33: Nebezpeci kumulativnich ucinka

R 50/53: Vysoce toxicky pro vodni organismy, muze vyvolat dlouhodobé
nepfiznivé acinky ve vodnim prostiedi

R 62: Mozné nebezpeci poskozeni reprodukcni schopnosti

S 53: Zamezte expozici - pfed pouZitim si obstarejte specialni instrukce

S 45: V pfipadé nehody, nebo necitite-li se dobfe, okamzité vyhledejte
lékafskou pomoc (je-li mozno, ukaZte toto oznaceni)

S 60: Tento material a jeho obal musi byt zneSkodnény jako nebezpecny odpad

S 61: Zabrarite uvolnéni do Zivotniho prostfedi. Viz specialni pokyny nebo

bezpecnostni listy

Research Centre for Toxic Compounds in the Environment
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Tetraethylolovo — vyroba a spalovani

Slitina NaPb reaguje s chlorethanem za vzniku tetraethylolova,
olova a chloridu sodného:

4 NaPb + 4 C,H.Cl — Pb(C,H,), + 3 Pb + 4 NaCl

Tetraethylolovo je diky alkylovym skupinam lipofilni a rozpustny
v benzinu.

V molekulach TEL jsou slabé vazby C — Pb, které se rozpadaji pfi
teplotach vzniceni v zaZehovém motoru.

(CH,CH,),Pb se rozklada nejprve na (CH,CH,);Pb a
ethylradikaly:.

Tyto radikaly reaguji s dalsimi radikaly, ¢imZ zadrZuji iniciaci
vzniceni a zpoZzd'uji tak zazZeh.

Research Centre for Toxic Compounds in the Environment
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Tetraethylolovo — vyroba a spalovani

Tetraethylolovo se spaluje za vzniku oxidu uhli¢itého, vody a
olova:

Pb(C,Hy), +13 O, —» 8 CO, + 10 H,O + Pb
Toto olovo se muze dale oxidovat za vzniku oxidu olovnatého:

2Pb + O, — 2PbO
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Tetraethylolovo — spalovani

Olovo a oxid olovnaty by rychle znicily motot, proto se k
tetraethylolovu pfidavaji 1,2 — dibrommethan a 1,2 —
dichlorethan.

Tato Cinidla reaguji s tékavym bromidem olovnatym a chloridem
olovnatym, aby neunikaly do vzduchu.

Tetraethylolovo se dodavalo k vyrobé smési s benzinem ve form¢é
s»sethyl-fluid*, kde bylo olovo vazané 1,2 — dibrommethanem a
1,2 — dichlorethanem:.

Tetraethylolovo dale obsahovalo cervené barvivo, které odliSovalo
upraveny benzin od neupraveného a branilo vyuZiti benzinu

pro jiné ucely (napf. CiSténi).

Research Centre for Toxic Compounds in the Environment 19
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Tetraethylolovo — spalovani

», Ethyl-fluid* se pfidaval v rafinerii k benzinu obvykle v poméru
1:1260.

Z. duvodu celosvétového vyuZziti a toxické povaze tetraethylolova
uvedla Ethyl Corporation odbornou studii o stanoveni a
zachazeni s toxickymi organokovy.

Navzdory tomu zemfelo béhem 20. let minulého stoleti 17
pracovnika Ethyl Corporation a Standard Oil na nasledky
expozice olovem.

SloZeni ,,ethyl-fluid*:
tetraethylolovo - 61,45%
1,2-dibrommethan - 17,85%
1,2-dichlorethan 18.80%

barviva a ostatni latky 1.90%

Research Centre for Toxic Compounds in the Environment
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Tetraethylolovo — pouZiti

Tetraethylolovo se pouZivalo jako aditivum do benzinu pro
zvyseni oktanového Cisla, ¢imZ se pfedchazelo pfedCasné
detonaci a umoZnilo to zvySeni kompresniho poméru a tak i
ucinnosti.

Tetraethylolovo se zacalo vyuZivat nejprve v USA, v Evropé se
prvné pouzival alkohol.

Vyhodou ethylovaného benzinu byl vétsi energeticky obsah a
vyhody ve skladovani, takZe se postupné pfeslo na olovnata
paliva.

Vyhodou vyuZiti tetraethylolova oproti ostatnim antidetonacnim
Cinidlim nebo vysokooktanovym smésim byla jeho mala
spotfeba.

Ostatni antidetonacni Cinidla se musi misit v daleko vétsim
méru a maji mensi energetické hladiny.

o‘\“\e e,yf(‘/ . . .
() Research Centre for Toxic Compounds in the Environment 21
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Tetraethylolovo — pouZziti

Pfi pouZiti alkoholu absorbuje palivo vzdusnou vlhkost a to pak
muzZe vést ke korozi palivového potrubi.

Rozpustnost ethylolova v benzinu je vysoka, zatimco alkohol je
malo rozpustny a tato rozpustnost jesté klesa s rostouci
vlhkosti paliva.

Casem se mohou v palivovém systému utvofit kapi¢ky aZ kaluZe
vody a zpusobit tak riziko zamrznuti palivového potrubi.

Vysoka vlhkost paliva také miiZe zpusobit biologickou
kontaminaci a nékteré bakterie jsou dokonce schopné rist na
rozhrani voda/benzin a tvofit tak shluky v palivovém systému.

Research Centre for Toxic Compounds in the Environment
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Tetraethylolovo — pouZiti

Ve vétsiné zapadnich zemi se pfestala olovnata paliva pouZivat
koncem 20. stoleti kviili znecisténi ovzdusi.

Pouziti tetraethylolova jako aditiva mélo za nasledek znecCisténi
katalytickych konvertoru.

Od roku 2007 jsou celosvétove rozsifena bezolovnata paliva s
vyjimkou nékolika zemi (Jemen, Afganistan a Severni Korea,
omezena dostupnost - nékteré zemé severozapadni Afriky,
Irak, Jordansko a Palestina).

Research Centre for Toxic Compounds in the Environment 23
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Pifenos methylu pfi environmentalni

biomethylaci Hg, Sn, Pb

Methylation (biochemical C-1 transfer):

M
-

[C HgM(n-l)]+

Demethylation (non-specific enzymatic reactions):

[(CHy),M™]" ..
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Molekularni mechanismus biologického ucinku

organokovovych latek

‘ r hypercoordination

—  C— M— X =

hydroxylation A
honmolytic electron transfer
C-Hbond - PR
clea rolytic sulbstitution

vage lytic Issogjation

C-M bond cleavage
.l \
R RM(L)
SECONDARY TOXICITY PRIMARY TOXICITY
Research Centre for Toxic Compounds in the Environment 25
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Respirace

- BMEa |

BIOCYCLES of NAD(H), NADP(H)

BIOCYCLES of HYDROXY- and OXOACIDS

"4y m&i

ELECTRON TRANSFER by CYTOCHROMES

Cyt C+H,O

Research Centre for Toxic Compounds in the Environment
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Organo As slouCeniny

Lékafstvi — 1éCba rakoviny; zemédélstvi — herbicidy, oSetfovani

bavlny.

Research Centre for Toxic Compounds in the Environment
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Methylace arsenicnhanu

CHg*

2e .- 2 o
As(V)043~ 7» As(lI1)0O5%~ —\—> CHgAs(V)032~ %» CH3As(I11)052"

CHa*
CHg*
2 os v
(CH3)2As(V)02"%> (CH3)oAs(II1)O™ A—+ (CH3)3As(V)O %» (CHg)3As(Ill)

Trimethylarsine

FIGURE 8.6 Methylation of arsenate. After EHC 18.

Research Centre for Toxic Compounds in the Environment
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Organo Sn slouCeniny

Tetra-organocin R,Sn; tri-organocin R;SnXj di-organocin
R,SnX,; mono-organocin RSnX,

R = butyl, fenyl, oktyl, methyl
X = chlorid, fluorid, oxid, hydroxid, karboxylat, thiolat

Tributylcin (TBT) chlorid, trifenylcin (TPT) chlorid
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Organo Sn sloucCeniny - vlastnosti

Obecné se da jejich struktura vyjadfit vzorcem (n-C,H,) S -X a
(C.H;);Sn-X, kde X je aniontova skupina ¢i skupina
kovalentné vazana pfes heteroatom.

Piikladem je tributylcinoxid (TBTOj; CAS: 56-35-9) a
trifenylcinhydroxid (TP TOH; CAS: 76-87-9).

Rozpustnost ve vodé je 4 mg.l'l pro TBTO a 1 mg.l! pro TPTOH
pii 25 °C a pH 7.

Tlak par je 7,5 X 1077 mm Hg pfi 20 °C pro TBTO a 3,5 X 10 mm
Hg pfi 50 °C pro TPTOH.

Jejich hydrofobicita je pomérné vysoka s logK,y 3,19 - 3,84.

Research Centre for Toxic Compounds in the Environment
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Organo Sn slouCeniny - vlastnosti

Vétsinou nizka mobilita — nizka tenze par (10~ — 10-"! mm Hg pfi
20 °C); nizka rozpustnost ve vodé (5 - 50 mg.1"Y),vysoka afinita
k ptidam a organickym sedimentim (Kgy — 10° — 10%).

Doba Zivota — voda — 3 - > 60 dnu, ptdy — 47 — 140 dni, sedimenty
— stovky dnu (povrch sedimentt), > 10 let (podpovrchové

VIstvy).

Bioakumulace (BCFs: 10% — 10°, tributylcin - nejvyssi) a
bioobohacovani (malo G€inné), persistence v zemédélskych
ekosystémech.

Research Centre for Toxic Compounds in the Environment 37
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Organo Sn slouceniny - pouZiti

Odolnost viéi teplu — PVC stabilizatory (5-20 g.kg! PVC) -
mono- a diorgano Sn,

Biocidy — fungicidy, akaricidy, protihnilobné natéry, osetfovani
dfeva, moluskocidy, slimacidy, pramyslové katalyzatory —
PUE, silikon.

ont Res,
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Tributylcin

General formula
(C4Hg)3Sn — X where X is usually an anion

Tributyltin oxide
(C4Hg)3Sn — O — Sn(C4Hg)3

Forms existing in water
(C4Hg)3 - SnOH Hydroxide

(C4Hg)3 — SnOH>*  Protonated hydroxide
(C4Hg)3 - SnCl Chloride
[(C4Hg)3 - Sn] CO5  Carbonate
2

Metabolism

0]
(C4Hg)aSn™ ~Pa50) (C4Hg)oSn?*

FIGURE 8.5 Tributyltin.

Research Centre for Toxic Compounds in the Environment
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Tributylcin — vstup do vody

Seawater
Empty matrix lii laminar water layer

TBT-filled

paint matrix

Figure 2.20.9. Crosscut of a conventional antifouling paint film: representation of the biocide release (redrawn after [61]).

Research Centre for Toxic Compounds in the Environment
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I'ributylcin — mechanismus pusobeni preventivnih
n r l 4

SnBug SnBuj ?nBu3 SInBu3 SnBu, SnBu,
@) (0] (I) (l) O O
/\/C(O/\/CiO C=0 C=0 C=0 C=0
G-0 :i” C=0 o c=0 N ¢=0
0] Mg O H™ o~ Mg* O BusSnCl
| | + +
SnBU3 SnBU3 (BU3sn)2O
Organotin polymer film Formation of a hydrophilic surface Erosion of the hydrophilic surface,
exposed to seawater due to hydrolysis of TBT exposure of a ‘new’ surface
Figure 2.20.10. Mechanism of action of self-polishing TBT-based copolymers to prevent fouling: while the bioactive TBT is
chemically fixed to the polymer backbone, a controlled and slow reaction with the seawater takes place at the paint surface and
guarantees a constant but very low TBT release. This is the fundamental requirement for self-polishing properties, which could
not be achieved by other techniques so far (after [61]).

Research Centre for Toxic Compounds in the Environment
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I'ributylcin — mechanismus pusobeni preventivnih
n r l 4

= mmmmd> Water flow oommsd =

Diffusion of TBT

into laminar
/ water layer

Erosion of polymer
backbone

TBT-copolymer
paint

Figure 2.;0.11. Cross-section of a self-polishing TBT-copolymer paint system, which illustrates the effect of continuous release
of the active component while the polymer backbone is continuously eroded back to the hull. At the same time, smoothing of
the surface occurs as a result of preferential removal of exposed areas of the paint layer (after [62]).

Research Centre for Toxic Compounds in the Environment 36
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Distribuce a osud organickych slou€enin cinu ve
vodnim prostiedi

Municipal wastewater )
Sewage sludge Industrial wastewater

Landfill leachates
Runoff

i

Antifouling paints UV-Irradiation

,, Biological
W/ degradation
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Tributylcin — stabilita za rtiznych podminek

Figure 2.20.13. Stability of TBT under different conditions,
expressed as their half life (from [81]).

t(@)‘ Research Centre for Toxic Compounds in the Environment
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Tributylcin — vyskyt v environmentalnich vzorcich

Mammals

Fish

Mussels

Algae

Sewage sludge

Harbour sediments

]

P
EEiv
R

Sediments
Freshwater _
Seawater
1E-07 1EI-06 1EI-05 1E'-04 0.0|01 0.01 0.1 1 10 100

TBT [mg kg™ ']

|l4. Ranges of TBT concentrations in various environmental samples (given as mg TBT kg~ ') [104].
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Environmentalni transformace organickych
sloucenin cinu

et MESNH  BUySN

~" Me,Sn?* Bu 3Sn+ "
Methylation SNanorg. Degradation?;

“._ Me;Sn* Bu,Sn**

Transmethylation i
Methylation

Figure 2.20.15. Transformation pathways of OTCs in the
environment [81].
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Tributylcin — chronické ucinky, LD50 a realné

koncentrace v prostfedi

0 DO [ T B e 0 S A 4 P e S e e e g e m ]
Salmon, 12 h
Hocksiel
Trout larvae: :
1000 =557 GI%l\JAtIth inhibtion © (particular area of ]
- Shrimps, 96 h Hamburg Harbour)
(®)]
= 100 k- Marine algae: ___} | _____________________._.®*=™ ]
2 Growth inhibition { _ Mytilius larvae, Elbe, Harbour
S Oysters: 15d .
e ¥ . g, Elbe River
o0 10 |- >~Shell thickening ----4 }eocccccmmmmmeeeeeo
Snails: 48d
4l Sterility 7777 LGS S G i
Endocrine
disrupting effects
Chronic Acute toxicity Environmental
effects LDggvalues concentrations in water
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Organo Si slouCeniny

Silikony — oligomerni siloxany (alternativni stfidani Si a O
atomu).

Produkce — zapad 1982 — ca 402 000 t — produkce roste o 10-20 %o
roCné.

Polydimethylsiloxany (PDMS) — kapalné formy — dielektrika,
hydraulické a brzdné kapaliny, synteticka maziva, lestidla,
barvy; tuhé formy — 1ékafské nastroje, roury, uzaveéry,
izolatory, laminaty.

Drahé, malo vyuZivané.

Netckavé, extrémné nizké koncentrace ve vodach, detekovan v
sedimentech.

Odolné vuci biodegradaci, ale chemicky rozloZitelné.
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