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Hexachlorcyklohexany (HCHs); Lindan

Hexachlorcyklohexan byl vyrabén pro své insekticidni ucinky a
pouzivan v zemédélstvi jako prostfedek k hubeni zvifecich a
lidskych paraziti i na oSetfovani lesnich a jinych porostua.

Z péti stereoizomer, které pfi vyrobé chloraci benzenu vznikaji,
ma nejvyraznéjsi insekticidni a€inky y-HCH a proto je
surovy reakeéni produkt CiStén frakcni krystalizaci a ziskany
v-HCH v Cistoté az 99% se nazyva lindan.

Technicky hexachlorcyklohexan je smési celé fady izomera — 60-
70 % a-HCH (chiralni), 5-12 % B-HCH, 10-12 % y-HCH, 6-
10 % 0-HCH, 3-4 % e-HCH a nékolik procent nedistot.

Research Centre for Toxic Compounds in the Environment
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Hexachlorcyklohexany (HCHs); Lindan

Hexachlorocyclohexanes (HCHs)

HCH molecules contain
six carbon atoms in a
ring, but these substan-
ces are not classed as
aromatic compounds
since all the bonds are
single. Despite very
similar chemical struc-
tures, different isomers
of HCH have entirely
different properties. The

Yy-isomer is less persistent
but far more toxic to
insects than the a- and

B-isomers.

Research Centre for Toxic Compounds in the Environment
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Hexachlorcyklohexany (HCHs); Lindan

Cl
Cl Cl

Cl Cl
Cl

Izomery HCH jsou relativné chemicky stalé latky lipofilni
povahy.

Postupnou mikrobialni dechloraci jsou pfevadény na
trichlorbenzeny a tetrachlorbenzeny.

Lindan ma ve srovnani s fadou jinych perzistentnich
organickych polutantt (napif. DDT, Aldrin, Heptachlor a
dalsi) vySsi rozpustnost ve vodé a tenzi par a proto i relativné
vy$Si mobilitu jak v atmosférickém, tak hydrosférickém
prostfedi.
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Hexachlorcyklohexany (HCHs); Lindan

Struktura alfa, beta, gama, delta a epsilon HCH isomeru
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o-Hexachlorocyclohexane

Chemical name: alpha-hexachlorocyclohexane (alpha-HCH)
Synonym: 1-alpha, 2-alpha, 3-beta, 4-alpha, 5-beta, 6-beta-

hexachlorocyclohexane
Chemical formula: C.H CI,
Molecular weight: 290.83
CAS number: 319-84-6

Alpha-HCH is a brownish to white crystalline solid (ATSDR,
2005). Alpha-HCH is the only chiral isomer of the eight

isomers of 1,2,3,4,5,6-HCH.

Structure of the alpha-HCH enantiomers

H

Research Centre for Toxic
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Physical-chemical properties of

a-hexachlorocyclohexane

Water solubility (Cs), vapor pressure (VP), octanol-water partition coefficient
(Kow), soil sorption coetficient (KKoc), Henry’s Law Constant (Hc)

Alpha-HCH

Melting Point (°C) 159-160
Boiling Point (°C) 288
Density (g cm™ = 20 °C) 1.87

C, (mg L'1=28°C) 69.5

VP (mm Hg @ 25 °C) 4.5 x 10-°
H_ (atm m> mol™) 6.86 x 10¢
log K_ 3.8

log K _ 3.57

Research Centre for Toxic Compounds in the Environment
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B-Hexachlorocyclohexane

Chemical name: Beta-hexachlorocyclohexane (beta-HCH)
Synonym: 1-alpha, 2-beta, 3-alpha, 4-beta, 5-alpha, 6-beta-

hexachlorocyclohexane
Chemical formula: C.H CI,
Molecular weight: 290.83
CAS number: 319-85-7

Structure of beta-HCH
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Physical-chemical properties of

 B-hexachlorocyclohexane

Beta-HCH

Melting Point (°C) 314-315
Boiling Point (°C) 60
Density (g cm™ @ 19 °C) 1.89

C, (ppm) 5

VP (mmHg @ 20 °C) 3.6x1077
H_ (atm m’ mol™) 4.5x10°
Log K __ 3.78
Log K __ 3.57

Research Centre for Toxic Compounds in the Environment
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Hexachlorcyklohexany (HCHs); Lindan

Vlastnosti:

B-HCH ma vyssi teplotu tani, mensi tlak vypafovani a nejvétsi
biokoncentracni faktor v tuku savcu 1 lidi.

V tuku je schopen zakoncentrovat se az 15 krat.

Tento izomer je nejstabilnéjsi, coZ vyplyva z jeho struktury (ma
vsechny Cl atomy v ekvatorialni poloze) stejné jako jeho
petzistence.

Polocas zZivota v krvi je 7,2 let.

Na vyrobu 1 tuny lindanu pfipada 8-12 tun HCH rezidui.

Research Centre for Toxic Compounds in the Environment
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vY-Hexachlorocyclohexane

Only one form of HCH is effective for killing insects

Cl

1
1 C

Cl Cl

10-15% of technical HCH is y-HCH

The rest of technical HCH is junk!

Lindane is the common name for y-HCH

Technical HCH waste is a problem

HCHs added to the Stockholm Convention in 2009
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0-HCH

O-Isomer represents a special case.

This isomer has the highest log Kow (4.14), strong
tendency to soil organic matter sorption, higher
water solubility, tendency to accumulation in
sediments.

The main attention in the various programmes and
projects was/is focused on a—, B— and y-isomers.

The available information concerning to 0-isomers are
much more scare or main published data are round

limits of detection. C Cl

Cl
Cl Cl

Research Centre for Toxic Compounds in the Environment 12
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http://upload.wikimedia.org/wikipedia/commons/c/c1/Delta-Hexachlorocyclohexane.svg

Physical-chemical properties of

hexachlorcyclohexanes

o B Y d
Vapour pressure(Pa, 20 °C) 3,3.107(3,7.10>] 3,0.10° |2,3.107
Water solubility (mg/1) 10 5 7,3 10
Henry's Law constant (Pam?/mol) | 0,87 0,12 0,13 0,073
log Kow 3,8 3,78 | 3,61-3,72 | 4,14
log Koc 3-3,57 3,57 3,57 3,8
Log Koa 7,25 8,09 | 7,88-7,99 | 8,66
RCF 26,1 252 | 189-228 | 47,1
BCF roots 0,19 0,18 0,14 0,2
BCF aboveground biomass 0,25 0,25 | 0,27-0,32 0,16

http:/ /recetox.muni.cz
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Hexachlorcyklohexany (HCHs) - ucinky

Nejsou znamy vSechny toxické efekty.
Mezi prokazané patfi ptisobeni na centralni nervovou soustavu.

Zejména Lindan inhibuje pfenos nervového vzruchu - zpusobuje
prudké kfecCe aZ smrt.

Dale jsou poskozeny jatra, krevni obéh a jsou ovlivhény nékteré
biochemické pochody.

U krys byly prokazany zmény hladin krevni glukdzy, dale
sniZeni poCtu Cervenych krvinek s poskozenim hemoglobinu
a také poskozeni jaterni pfemény tukai.

Z biochemickych hledisek dochazi ke zvySeni hladiny oxidazy-
cytochromu P450 a abytku glutation reduktazy, glutation —S-
transferazy.

Research Centre for Toxic Compounds in the Environment
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Hexachlorcyklohexany (HCHs) - ucinky

Jiz pfi dermalni kontaminaci dochazi k poklesu mnozZstvi
testosteronu, je omezena spermatogeneze a pohyblivost
spermii.

U samicek je ovlivhéna ovulace a vyvoj embryi.

Toto vSe bylo pozorovano zejména po expozici 3, y-izomery.

Research Centre for Toxic Compounds in the Environment
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Pouziti «- a y-HCHs

B e

Og+CH

Toones | Year
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Pouziti «- a y-HCHs
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(Li & Macdonald, 2005; Li et al., 2003)

Research Centre for Toxic Compounds in the Environment
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Hexachlorcyklohexany (HCHs); Lindan

V byvalém Ceskoslovensku se pouzival y-HCH v kombinaci s DDT (piipravky
Lydikol a Gamadyn), po zakazu DDT byl dale pouZivan k mofeni osiva.

V soucasné dobé neni jeho pouZiti v zemédélstvi povoleno, pouZiva se pouze
lindan v omezenych mnozstvich pro nékteré veterinarni aplikace.
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Hexachlorcyklohexany (HCHs); Lindan

First estimate on important amounts of HCH-residuals in certain countries worldwide
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Use of HCHs in Europe, tonnes/year
as technical HCH + lindane

B Alpha-HCH [] Beta-HCH B Gamma-HCH
40000

Mainly tech. HCH
30000 [
Tech. HCH + lindane
20000 [
10000 Mainly lindane
1

0 1970 1980 1990 1996

Breivik et al., 1999..
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Releases to the environment

Historically a- and B-HCH was released during the manufacture
of technical HCH and its use as a pesticide.

Estimated global emissions from the usage of technical HCH
between 1945 and 2000 at 850 000 tons, of which 230 000 tons
were emitted into the atmosphere over the same period (Li
et al., 2003).

Research Centre for Toxic Compounds in the Environment
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Estimated global amount

Though no quantitative estimates of these releases exist, the
amounts of HCH-residuals in the form of by-products from
lindane production were estimated to range between 1.6-1.9 to
4.8 million tons.

In addition many of local sources are expected to cause
environmental pollution and are not maintained or controlled
appropriately:.

Research Centre for Toxic Compounds in the Environment 22
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Obsolete waste

Local sources include hazardous waste sites, contaminated sites,
stockpﬂes, landfills, or dumpmg grounds.

Research Centre for Toxic Compounds in the Environment
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Zemédélskeé pouziti lindanu, 1950 - 2000

Continent |Usage (kt) |Percentage
Europe 287.16 63.32

Asia 73.20 16.14
America 63.57 14.02

Africa 28.54 6.29
Oceania 1.032 0.23

Total 435.50 100

http:/ /recetox.muni.cz
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HCH

skladka, Bitterfeld, Némecko

Detail exposure of the open HCH deposit

Research Centre for Toxic Compounds in the Environment
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Holandsko

% 200 000 t pady
kontaminované HCH
uloZené v doCasném
skladovacim prostoru

Y% 10 let vyvoje pudnich
remediacCnich technik

% Nyni stale zbyva 200 000
t

%  Cena dosud 15-20 mil. €
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Holandsko

Research Centre for Toxic Compounds in the Environment
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Spanélsko

Nejméné 3 regiony:
%, Baskicko

% Aragon

% Galicie

Cena feSeni HCH problému - ca 50 Mill € 2>

&, Zafizeni pro destrukci 3 500 t HCH odpadu
LetiSté Bilbao — bezpecné uloZeni 113.000 m? pudy

&

Y%  Barakaldo — bezpetné uloZeni: 300.000 m? puady

nt Re,
Ooo\e ’5.9,0 . . o
()ﬁm Research Centre for Toxic Compounds in the Environment
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Zniceny zavod s HCH odpady

Research Centre for Toxic Compounds in the Environment
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Chemicka vyroba Durres, Albanie

ADRIATIC

SEA Sarandé .! GREECE guo m
;o 50 100 km
Corfu .. v.f', 1 =
{Greece D-Arendal, 1998
) GRID-Genva, 2000
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L gum o

bHIS Skopje, Macedonia: o a -HCH — 33 - 38000 1

BULGARIA

GRID-Arendal, 1998
GRID-Geneva, 2000

FACRY g
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Rumunsko - 250.000 t HCH residui

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




Indie — ¢erna skladka lindanu — pfedpoklada se

Research Centre for Toxic Compounds in the En
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Ghost of the past - Hot spots

Spolana Neratovice

% 1961 — production of HCHs (13% g) — pesticides +
production of TtCBz — production of TeCBz and HCB

Y%,  HCB — pentachlorophenolate Na — PeCP

%  TeCBz — trichlorophenolate Na — 245-T — Agent Orange

%  High contents of PCDDs/Fs

Research Centre for Toxic Compounds in the Environment
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http://www.ghostbustershq.com/

Content of buildings, process plant
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Content of buildings, chemical waste

Research Centre for Toxic Compounds in the Environment
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Spolana Neratovice, a.s.

Saved building A114A
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Before floods 2002 Spolana Neratovice, a.s.

After floods 2002

Totally 118.samg ;
analyzed for contents of PCDDs /Fs, O(%

° 21 soil samples

° 33 sediment samples

° 27 water samples

° 2 waste samples

° 9 biotic samples et

19 samples were analyzed before floods, (EEESTEE ISR .

were analyzed in the River Elbe catc

Research Centre for Toxic Compounds in the Environment
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Spolana Neratovice, a.s.

Decontamination/demolition Indirect thermal desorption = Metal part furnace

;Lvmlz:n STEEL SHEETING o/
LIGHT PLASTIC s»«:zrm\
REINFORCED PLASTIC
rmn:—\

BUILDING Al420

SECTION

Research Centre for Toxic Compounds in the Environment
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Environmental fate of HCH isomers

o — present mainly in air and water, higher volatility,
higher water solubility

B — less vapour pressure, higher melting point than «;
higher occurrence in soils

6 — the highest log Kow (4,14), strong tendency to soil
organic matter sorption, higher water solubility,
tendency to accumulation in sediments

vy — environmentally ubiquitous, most water soluble,
prone to leaching

Rate of aerobic degradation in order: y>a>p €

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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Environmental fate of HCH isomers

Biomagnification:

o and f3

Detections in biota:

Y, o, B

Detections in human body (blood, milk, fat tissue):
Y, o, B

Exposure in development stage:

o and 3

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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Hexachlorocyclohexanes (HCHs)

Hexachlorocyclohexanes (HCHs)

HCH molecules contain
six carbon atoms in a
ring, but these substan-
ces are not classed as

. aromatic compounds
since all the bonds are
single. Despite very
similar chemical struc-
tures, different isomers
of HCH have entirely
different properties. The
y-isomer is less persistent
bur far more toxic to
insects than the o- and
B-isomers.

| Most volatile

Most
persistent

+HCH (lindane) \‘ Most toxic

Research Centre for Toxic Compounds in the Environment
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Hexachlorcyklohexany (HCHs); Lindan

Y-HCH ma 3 Cl atomy v axialni poloze, coZ vede k mensi
stabilité.

Muze byt izomerovan na o.-HCH pomoci UV zafeni.

Polocas Zivota a-HCH je 26 let a u y-HCH je 42 let.

Obecné jsou izomery HCH odolné na svétle, za vysokych teplot,
v horké vodé 1 v kyselém prostiedi.

V alkalickém prostfedi dochazi k dehalogenaci.

Jde o latky tékavé, hojné rozsifené , rozpustné ve vodé, proto
mohou byt detekovany ve vodé, v sedimentech i vazané
v bioté¢.

o-HCH podléha mikrobialnimu rozkladu.

K vymyvani dochazi v pofadi a, vy, 9, B.

Research Centre for Toxic Compounds in the Environment
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Hexachlorcyklohexany (HCHs) - vyskyt

v-HCH se nejvice vyskytuje ve vzduchu a zvétsuje tak pomér
zastoupeni y-HCH/o-HCH.

ObtiZna interpretace poméru je dana raznou rychlosti vymyvani,
fotolyzy, rozdilnou vymeénou voda-atmosféra a rozdilnou
rychlosti atmosférického vymyvani.

Diky procesu globalni destilace se dodnes vyskytuje ve svétovych
mofich a oceanech 95% HCH pouZivaného do roku 1985.

HCH se v nejvétsi mife pouzival v tropickych a subtropickych
oblastech, nejvétsim nalezistém je vSak oblast Arktidy.

Research Centre for Toxic Compounds in the Environment 44
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Hexachlorcyklohexany (HCHs) - vyskyt

Je to zptisobeno jednak ochlazenim a naslednou kondenzaci
jinak tékavych latek a jednak zabranénim zpétnému
vytékani ze zamrzlého oceanu.

Koncentrace s rostouci zemépisnou Sifkou se nezvétSuje pouze ve
vodé ale i v kiife stromt (v pofadi Kanada, Skandinavsky
poloostrov, Aljaska, Rusko), v rybach, ptacich a savcich.

V organismech se mnozstvi pesticidu zvySuje se zemépisnou
Sifkou a také s rostouci trofickou urovni.

A tak neni pfekvapujici , Ze nejvétsi koncentrace latek se nachazi
v tulenich, lachtanech a také v lednich medvédech.

Research Centre for Toxic Compounds in the Environment
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Hexachlorcyklohexany (HCHs) - vyskyt

HCH ve vodnim sloupci:

Transport a degradace HCH jsou ovlivhény vlastnostmi a
sloZenim vodni masy.

Pro upfesnéni, vertikalnim i horizontalnim misenim, teplotou a
salinitou, ménici se s hloubkou i zemépisnou Sifkou.

Tyto vlastnosti jsou pro jednotliva mofe charakteristicka.

Research Centre for Toxic Compounds in the Environment
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AMAP Measurements

Pallas, Finland

”’Iilmuﬁm ’m"

Alert, Nunavut

Zeppelin, Svalbard/Norway
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AMAP Air Sampling Procedure

f——pp-| Ait sampling Iﬁ Extraction | ;

PUF or Alert -
PUF/XAD N Ky, 7-dday (~13000 ) Archived
ert —weekly, /-day (~ m

and GEF Zeppelin — 48-h (~1000 m?) extract
preparation Pallas — 7-day (once/month)

Storhofdi — 1000 m? (once/2 week)

Station Nord — 7-day (once/month,

5000 m?)
Data archive and Data Sample clean-up and
Interpretation QA/Q instrumental analysis

C
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a-Hexachlorocyclohexane (a-HCH)
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vY-Hexachlorocyclohexane (y-HCH)

4 Halflives, t, ,,
S o] A i Storhofdi
T 25 ¢ '\ "
g (-C) 2 - 7o x P33 >
I - 9.6
2 15 4 v 5 . Oy
N 1 - ¥ X :;
0.5 - v
4 Qo =
3.5
3 Alert
- 2.5
& 2
é—iél.s 4.1 Yy
£ 1
0.5
o
-0.5
51
| - Pallas
oojl'\i VQVL 38y
5 =1
1 . |2 . < Zeppelin
I x 1% o < x x b o
%- 7 ‘ % "‘ ;;w.a_i 5 .
E"o > :x b 7.«\. ' L2 / . 2 | , | X ,: ; >5¢ 4.1 y
= = x % x e < B Xk LR = :( - ‘( ‘
N \]ERS1 l ent Res 6 5 > e “; . k- ‘;:3;""' 2 2 >:z<>§<
< 17:7LSL < 5 o _ s, . * > k" 5 ?‘v
E.o R 7 A\ l- yl tl’?ﬂiﬂ'ﬂﬂ%c Compoupds infthe En 50
% 2 3 IQm = 1
et 1993 1994 4995 1996 1997 1998 1999 2000 2001 217621326(/?%9&056@3“290@7’2007 2008 2009




YHCHs in Arctic Ocean surface waters (ng 1)

Figore 4-29. FHCH in sorfscc scwwamss from the
Arcoc Oecan, 1536 -1000, ilusrating Hgher con-
ccremanicna . the Merth Amccicsn Arciic. Trscka
of cermrmpraphic croixc s wre shewn in Bos.

AMAP Assessment Report 2002, Chap. 4, p. 79,
Arctic Monitoring and Assessment Programme, Oslo, Norway.
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HCHs v povrchové mofské vodé

ZHCH concentration
in surface seawater, ng/L
o

o
r

Figure 4-29. ZTHCH in syl
Arctic Ocean, 1996-2000)
centrations in the North 4
of oceanographic cruises
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Levels in Arctic

Levels in Arctic biota do not thoroughly reflect the
decreasing trend of the abiotic compartments.

Concentration, ng/g lw
400 -

l Polar bear adipose tissue
300 -
200
100 -
0 - L L

1975 1980 1985 1990 1995 2000

l Ringed seal blubber

a-HCH concentration in air, pg/m?®

a-HCH emissions, kt/yr
1000 200 Air concentrations

800 160

Global emissions

600 120

400 80

200 40¢f

ot 0

AMAP

1980 1985 1990 1995 2000
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Hexachlorcyklohexany (HCHs); Lindan

Ovzdusi

Horizontalni zmény: v oblasti Beringova a Cukotského mofte je
koncentrace a-HCH 125 pg.m™ a severnéji se koncentrace
zvy$i pfibliZzné na 131 pg.m=.

Na po6lu nasleduje prudky pokles na 64 pg.m, tuto zménu
nejspise zpusobuje kondenzace a Zadné zpétné vytékani.
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o-HCH - Globalni emise a koncentrace v ovzdusi a

mofskych savcich

Concentration, ng/g Iw

l Ringed seal blubber

400
Polar bear adipose tissue
300 |-
200 |-
100 -
0 1 1 1 1 1 1 1 1 1 1 1 1 1

1975 1980 1985 1990 1995 2000

a-HCH concentration in air, pg/m?2

a-HCH emissions, kt/yr
1000200 Air concentrations

800 160 |

Global emissions

600 120 |

400 80

200 40

ot O

1980 1985 1990 1995 2000
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oncept of superstation - observatory KoSetice, C

Integrated POPs monitoring - observatory KoSetice

o precipitation
Bl soil

@ vegetation

Comparison of existing

programmes (EMEP,
GAPS, MONET)

and approaches
(active vs. passive
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Long-term monitoring of POPs in ambient air, EMEP
observatory Kosetice — a-HCH, 1996-2009 [ng.m™]

o HCH
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Long-term monitoring of POPs in ambient air, EMEP
observatory Kosetice — y-HCH, 1996-2009 [ng.m™]
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Long-term monitoring of POPs in ambient air, EMEP
observatory Kosetice — a/y-HCH, 1996-2009

o HCH /y HCH
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Passive sampling CR, ITI-XII/2005, HCHs
3

HCHs 2005 (air - pasiv, ngffilter, CR) B v s [ wonrs

- HCH_45 E HCH_8.9
o - HCH_5:6 - HCH_9-10

- HCH_67 - HCH_10-11
| EERIER
B ch_r

HCHs 2005 (air - pasiv, ngffilter, €R) B vcvoss [ venrs

- HCH_4.5 [:I HCH_8-9

% . [ Hew_ss [0 Hew 10
» [ ] Hen s [ HeH 0.1
- HCH_11-12
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Passive air

-1

sampling 2006-2008, MONET-CZ,

SAMPLING_S No |SAMPLING_S No
Bily K¥iz 3 Pléfiavy, Stitna nad VIt 40
Décinsky SnéZnik 50 Praha, Libu$ 28
Churériov 6 Primda 29
Jesenik 7 Rudolice 34
Klet 5 Rychory 35
KoSetice, EMEP station 8 Sedlec, Mikulov 36
Liberec, Jestéd 13 Svratouch 49

Serlich

http://recetox.muni.cz
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HCH levels (X a, B, v, 0-HCH) in ambient air (PAS, ng
filter!) in the Czech Republic, 2008

1600 = heH s NO_Sampling sites NO_Sampling sites
™ pycH 6 1 Bily Kfiz - Q'eskAydy 21 Neratovce - Spolana, TN 3
= poH 7 Bmo - Kotlaiska 26 Neratovce - Spolana, Libis TM
- HCH_B 3 Bmo - Kroftova Olrokovige )
- HCH-Q 4  Buchlov castle. P{ana - Llpus, CHMI
- — 5 Kiet, Chium - Sumava Pfimda - Sumava
R -HCH 10 6  Churanov - Sumava Radotin - cement factory
= £ = HCH_11 7 Jesenik - Jeseniky KosoF (Radotin)
HCH_2 HCH_12 8  Kosetice - EMEP station Rudolice v Horach - Kruné hory
= HeH_3 - cH 13 10  Liberec - Bedfichov Rychory - Krkonose
= HeH_4 11 Liberec - CHMI container Sedlec (Mikulov)
Liberec - Chrastava SluSovice

Staré Mésto - Colorlak
Serlich - Orlické hory
Plafaw - Stitna nad VI&fi

Liberec - JeStéd

Liberec - Rochlice
Mokra - CHMI container
Mokra - Horakov
Napajedla 44 Valadské Mezifici
2in - Svit

Swratouch

SnéZnik - D&Ein
Olomouc - Wolkerova

RB8&EELHEBL8IBRRIB8BYN
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Distribution of HCHs in SPOLANA vicinity, 16/02-15/03 /2004

Biggest circle represents the total amount of 445 ng of HCHs (a sum of «, 3, y, 6-HCH)
sequestered on the filter

I alpha-HCH
% 2y % [ beta-HCH

B camma-HCH
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HCH levels (X a, B, 7, 0-HCH) in ambient air (PAS, ng

filter'!) in the Czech Republic, background sites, 2008

- NO Sampling sites NO Sampling sites

18 HCH_5 1 Bily Kii - Beskydy 28 Praha- Libus, CHMI
™ HCH_6 : % g -
- pcH 7 5 Klet, Chlum - Sumava 29 Pfimda - Sumava
- HCH_a 6  Churafov - Sumava 34 Rudolice vHorach - Krusné hory
M yeH 9 7 Jesenik - Jeseniky 35  Rychory - Krkonose
-HCH_10 8  Kosetice - EMEP station 36 Sedlec (Mikulov)

13 Liberec - Jestéd Serlich - Orlické hory
Planaw - Stitna nad VIaFi
Swratouch
Snéznik - Décin

\\]ERS17. . . ]
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Central and Eastern Europe, Asia, Africa, Fiji,
(HCHs, ng filter?)

2006-2008

>

Pacific Ocean

'725\’
)
U e
. YFI_02
h
Indian Ocean
Atlantic Ocean
code locality code locality locality M
CZz 08 Ko3efice, EMEP station MNE_01 Center of Podgorica MAL_01  Tombouctou
Legend AR_01  Sevan, Tsovagyugh village PL_06  Zabierzow MAL_03  Bamako-int. airport
BE_01  Berezinsky nature reserve RO 08  Ruginesti MAU_01 Reduit
BG 06  Sofia, NBMS Bojana RU_02  Ufa-background NIG_01  Sheda
l 44 HR 03  Siget SM_05  FruskaGora SAF 01 Molopo Nature reserv
EE_03 Lahemaa EMEP station SK_07 Starina, dam, EMEP station SAF_02  Barberspan
B HcH HU_02  Budapest Il ker. Pesthidegkut SLO_01 Iskba SUD_01 Khartum
KA 09 Borovoe UA 04 Oseshchyna TOG_01 Koumakonda
b . KY_01 Kok-Djar village ETH_01 Asela TUN_O01  Tunis
:;W LV_01 Rucava, EMEP sfation GHA 01 Kwabenya ZAM_01  LusakalA
LT_02 Plateliai, integrated monitoring station GHA 02 EastLegon Fl_01 Laucala_02
MKD_01  Lazaropole KEN_01 Mt Kenya Fl_02 Nadi
MD_04  Leova KEN_02 Kabete Fl_03 Nausori
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Bily Kfiz, Beskydy m.
Brno, Kotlarska

Brno, Kroftova
Buchlov, castle
Décinsky Snéznik
Churarov, Sumava m.
Jesenik, Jeseniky m.
Jufinka

Klet, Sumava m.
KoSetice, EMEP
Liberec, Bedfichov
Liberec, center
Liberec, Chrastava
Liberec, Jestéd
Liberec, Rochlice
Mokra, container
Mokra, Horakov
Napajedla

Neratovice, Tomes
Neratovice, Ton
Olomouc, Wolkerova
Olomouc, hospital inciner.
Otrokovice

Planavy, Stitna n. V.
Praha, Libu$

Pfimda, Sumava m.
Radotin, cement factory
Radotin, Kosof
Rudolice, Krusné m.
Rychory, KrkonoSe m.
Sedlec, Mikulov
SluSovice

Staré Mésto, Colorlak
Svratouch

Serlich, Orlické m.
Valasské MezifiCi, obs.

CZECH REPUBLIC

Zlin, Svit

Sevan, Tsovagy ugh vill.

< Hrazdan
Z Yerevan, Davidashen d.
W Yerevan, Dalmai Gardens
E Amberd, meteo station
< Artashat, meteo station
Kapan

Berezinsky nature reserve
4 Visokoie
o Minsk
g Lida
w Polotsk
o Mogilev
Gomel

. Banja Luka, Incel

T Modri¢a,oil refinery

a.

lvan Sedlo

Sofia,IMS Gara Yana
Sofia, TMS Orlov
Sofia, UBMS Hipodruma
Pernik, IMS Tsarkva
Plovdiv, UBMS

Sofia, NBMS Bojana
Dordiceva ulica
Crnomerec

Siget

Pescenica

IMI

Tallinn, Rahu

Muuga Port
Lahemaa,EMEP station
Kunda, industrial station
Kohtla Jarve, ind. station

ESTONIA |CROATIA | BULGARIA | BOS.

[ Median [] 25%-75% | Min Max |

HCH levels (sum of «, 3, v, -
| HCH) in ambient air (PAS, ng
_ ifter™), -

S 2 éfz:mc}zcﬂqﬂqwﬁm@qﬂ:[}ﬁ@;?

Dmmm?émmmﬁ¢ﬁé§f@mé}ﬁﬂm
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LATVIA |KYRGYZ4{ KAZAKHSTAN |HUNGARY

LT

MOLDOVA |MACEDONIA

MONTE-
NEGRO

POLAND

ROMANIA

Budapest, XVIII.
Budapest, Il. Kézséghaz
Budapest |. Széna
Budapest XV. Kéakas park
Budapest XI Kosztolanyi
Ust-Kamenogorsk 1
Ust-Kamenogorsk 2
Ust-Kamenogorsk_3
Pavlodar

Karaganda

Temirtau

Balchash

Borovoe

Atyrau

Kok-Djar village
Kirgizia 1 - Erkin

35, Aidaraliev str.
Prigirodnoe village
Osmonkul str.

Rucava, EMEP station
Dobele, meteo station
Olaine, air quality station
Riga, city park
Zoseni,EMEP station
Preila,research institute
Plateliai, IMS
Rugsteliskis, IMS
Paneriai, research institute
Vilnius, center
Lazaropole

Skopje - OHIS

Skopje - MEPP
Rafinery

Bitola

Strumica

Briceni

Rezina

Chisinau

Leova

Giurgiulesti

Stefan Voda

Balti

Center of Podgorica
Vilage Srpska

CETI

Pljevlja

Pljevlja Komini
Niksic - centre

Niksic

Szaréow

Wieliczka
Al.Krasinskiego
Wichrowa
Warszawska
Zabierzéw

Onesti - Borzesti
Bacau, city center
Radomiresti,cattle farm
lasi, center
Raducaneni, garden
Galati

Cuca, garden
Ruginesti

Timisoara, city center
Timisoara,incinerator
Braila, city center
Braila Com
Craiova,central market
Craiova,city hall
Bucuresti, center
Bucuresti, Snagov
Bucuresti,|.C.I.M.
Deva

Filiasi, TMD

Turda, city hall
Voluntari, Oras
Voluntari, Oras, duplicate
Cluj-Napoca, A.R.P.M.
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Zilina, Obezna
RuzZomberok, Riadok
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Strazske, Mierova
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Velka Ida, ZSR
Topolniky, EMEP station
Iskrba

Ljubljana

Maribor OZADSE

Celje

Ljubljana

Maribor (AMP)

Celje

Kyiv

Ky iv

Kyiv

Oseshchy na

Lisove

Osokorky

coN ORSTOM de Brazzavi
DRC Kinshasa Univ. Camp.

SLOVAKIA

SLOVENIA

UKRAINE

EGY Cairo
ETH Asela
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GHA East Legon
KEN Mt. Keny a
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KEN Industrial site
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And what o ??

COANS ] e SRR
Spolana Neratovice, CR

= R

Former producer, highly contaminated site

Remediation — by using of BCD technology —
effective, successfull, but not complete

What we know about this site ?

T 180000
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"] 140000 A
120000 -
- 100000
80000 -
60000 -
40000 -
20000 -

0 4+
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below 10 ng filter
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And what 0 based on the MONET data ??

Spolana Neratovice, CR — area of company — 0 represents 5-10
% of HCHs ambient air mixtures, outside, near to LOQ.

During this remediation episode — 25-33 % as a result of the
escavation of unsaturated zone

Former production localities — OHIS Skopje, Macedonia

(suburban area) — 10-15 %; Chapaevsk, RF (outside factory)

— 5 -13 %; Kitangela, Kenya — pesticide dumpsite — 45-60 %

in air and round 45 % in soil

Romania — Air — one months, no more - Deva — 11 %, Filiasi —
9,5 %, ARPM - 13 %,; soil — below LOQ

Research Centre for Toxic Compounds in the Environment 71
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Proposed conversions of 0-HCH by LinA and LinB

CI CI
o Cl HC1 Cl Cl Cl HC1 Cl
*LP —Lr - -../-'. -
LinA LinA
o Cl cl cl cl Cl Spontaneous
o SHCH & B-PCCH(M3) 1.4-TCDN 1L24-TCB (M) |
50 50 L0
LinB LinB LinB
HCl HCl1 HCl
OH Cl
Cl Cl Cl OH HCl OH
Intermediate [ A
Spontaneous
o Cl Cl Cl
¢ ECHL (MDY 2.4.5-DNOL 2.5-DCP (M6) cl
LinB LinB LinB
HC1 HC1 HC1
OH
ol cl cl OH H
Cl Cl HO Cl
OH TDOL (M2) & 2.3.5-TCDL (MT7) 2.5-DDOL (M5)
L ¥

Wu et al., 2010
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Conclusions - Future chalange

Technical hexachlorocyclohexane is a mixture of isomers — 60-70
% a-HCH, 5-12 % B-HCH, 10-12 % y-HCH, 6-10 % 6-HCH,
3-4 % e-HCH and few % of impurities.

Ambient air monitoring including MONET results — 6 — very low
levels, usually round LOQ — less volatile, higher K

Different situation in the highly contaminated sites — former
production facility, dumps, storages.

Transformations ??? Natural accumulation ??7?

Is the observed percentage of 0-isomer in some environmental
mixtures of HCHs a result of natural accumulation
processes or some unknown environmental transformations
in deeper layers of soils, dumping sites and sediments ???

Research Centre for Toxic Compounds in the Environment
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Hexachlorbenzen (HCB)

-~

Hexachlorobenzene (HCB)

. The HCB molecule

' consists of a single

fully chlorinated
benzene ring, making
it one of the simplest
of the chlorinated
hydrocarbons.

Cl

Cl

Cl

Cl

Cl

Cl

Hexachlorbenzen (HCB) se vyrabi katalytickou chloraci

benzenu nebo oxidaci odpadniho hexachlorcyklohexanu
(HCH) z vyroby lindanu.
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Hexachlorbenzen (HCB)

V Ceské republice neni HCB vyrabén, jeho vyroba byla ve
Spolané Neratovice ukoncena v roce 1968.

HCB je vSak vedlejSim produktem pfi vyrobé primyslovych
chemikalii jako jsou tetrachlormetan, perchlorethylen,
trichlorethylen €i pentachlorbenzen (vyroba napf. ve Spolku
pro chemickou a hutni vjrobu v Usti n/L).

HCB také vznika pfi elektrolytické vyrobé chloru spolu
s oktachlorstyrenem.

Research Centre for Toxic Compounds in the Environment
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Hexachlorbenzen (HCB)

Hexachlorbenzen je plné chlorovana aromaticka sloucCenina,
vyrabéna pro uZiti jako fungicid, desinfekcni prostfedek i jako
prumyslova chemikalie jako vstupni €i meziproduktova
surovina pfi vyrobé nékterych chemikalii (pentachlotfenol,
nékteré chlorované aromaty).

Jako primyslova chemikalie se pouZiva napf. pfi vyrobé
pyrotechniky, syntetického kaucuku a hliniku.

Jeho fungicidnich vlastnosti se vyuZiva pfi oSetfovani pSenice,
cibule a jako mofidlo osiva..

Nejvétsi mnozstvi HCB se v soucasné dobé¢ uvoliiuje do

Zivotniho prostfedi z vyrob jistych chlorovanych latek,
pfedevsim chlorovanych benzeni, tetrachlorethylenu,

trichlorethylenu apod.
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Hexachlorbenzen (HCB)

HCB byl detekovan jak v koufovych plynech tak v popilku
z komunalnich spaloven odpadi a jako necistota pfi vyrobé
urcitych pesticidu.

Vzhledem k jeho chemické stabilité a rezistenci vici
biodegradaci, HCB ma tendenci byt vysoce persistentnim
v prostfedi.

HCB je velmi stala, malo tékava sloucCenina lipofilni povahy s
nizkou rozpustnosti ve vod¢é a naopak vyraznou schopnosti
se jednak kumulovat v tukovych tkanich organismt a jednak
se adsorbovat na povrchy tuhych Castic.

Degradace v atmosféfe (fotolyzou) je extrémné pomala, pfibliZna
hodnota polocasu Zivota je 80 dnu.

Research Centre for Toxic Compounds in the Environment 777

http:/ /recetox.muni.cz



Hexachlorbenzen (HCB)

Z povrchu pud je HCB odstranovan pfedevSim prostfednictvim
tékani.

V Zivotnim prostfedi se rozklada jen velmi pomalu, jako
rozkladné produkty jsou v literatufe uvadény chlorované
fenoly.

Tyto vlastnosti pfedurcuji HCB k dlouhé perzistenci v Zivotnim
prostfedi a pronikani do potravnich fetézcu.
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HCB in air, observatory Kosetice, time trends, medians, sampling
every week, 1996 - 2004 [ng.m™]

Air (Gas Phase + Aerosol), HCB medians, KoSetice, CR
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POPs v matefském mléce, studie WHO, 2008-9 - HCB
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Toxafen

Toxafen je smési asi stovek hexa-deka bornan.

Je moZnych 32 000 kongenerti

Hlavni slozky smési:

%  chlorovany trimethyl- (popf.dimethyl- ) methylen-
bicyklo(2,2,1)heptan (popi.hepten)

% chlorované bornany
Y% 2,2,3-trimethyl-dihydrocamphen
Y% 2,2-dimethyl,3-methylencamphen

Research Centre for Toxic Compounds in the Environment
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Technicky toxafen

Hlavni slozky Relativni zastoupeni (%) Teoreticky pocet kongenert
bornany (A) 76 32 767
borneny (B) 18 8 191
bornadieny (C) 2 2 047
kamfeny (D) 1 16 383
dihydrokamfeny (E) 3 65 534

Prakticky identifikovano: 1000
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Toxafen

Vyroba:

Smés se vyrabi chloraci kamphenu, vznika smés bornanii.

PouZziti:
NejpouzivanéjSim insekticidem v USA byl toxafen béhem 60. a
70.1et.

Poprvé byl tento pesticid pfedstaven ve 40. letech jako prostfedek
pro ochranu bavlny, dale byl toxafen uZivan na ochranu
sojovych bobri.

Jeho soucasné pouziti je omezeno na likvidaci ektoparazitti
v Zivém dobytku, pod veterinarnim dohledem.

V SSSR byl vyrabén pod nazvem polychlorcamphen.

Research Centre for Toxic Compounds in the Environment
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Toxafen

V Ceské republice neni vyrabén a jeho pouZivani bylo zakazano
v roce 1986.

Podle nékterych informaci vsak v letech 1963 — 1987 bylo do
byvalého Ceskoslovenska dovezeno velké mnoZstvi
pripravki, které toxaphen obsahovaly (Melipax) — kolem 10

000 t¢.
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Dtvody sledovani toxafenu

Persistence (polocas setrvani v pudé ~ 14 let)
Bioakumulace (obtiZné degradujicich kongenert — Parlar 26 a 50)

Toxicita (akutni toxicita pro ryby a dalsi vodni organismy, genotoxicita v
kulturach lymfoblasti, karcinogenita pro krysy a mysi). MoZny
karcinogen pro €lovéka dle IARC (skupina 2B)

Pouziti pesticidnich pfipravkh Agrofen, Toxafen, Melipax (VEB Fahlberg-List,
Magdeburg) k oSetfeni fepky olejné proti blyskackovi a v semenarstvi na
vojtésku napadenou plodomorkou

N ERS/
S 2
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Toxafen

Toxicita:

Byly prokazany hepatotoxické, neurotoxické, mutagenni a
karcinogenni vlastnosti néktervch kongeneru.
g ry g

Jako vétsina pesticidil i toxafen se hromadi v tucich a ma
schopnost bioakumulace.

Toxafen se nasel v rybach jiz v 60. letech.

Ryby, ptaci, mofsti savci maji vysoce vyvinuté enzymatické
systémy a dokazi proto degradovat slouCeniny toxafenu, u
nékterych kongenert 1 enantioselektivné.
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Toxafen

Vlastnosti:

Toxafen je tepelné malo stabilni, tékavy, proto dochazi
k dalkovému transportu z teplych oblasti a je nachazen ve
vyssich koncentracich v savcich Zijicich v Arktické oblasti.

Za anaerobnich podminek napf. v sedimentech a kalech dochazi
k reduktivni dehalogenaci v tomto pfipadé dechloraci.
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Bioobohacovani toxafent (Arctic Canada: after
Bidleman et al 1989, Hargrave et al 1993)

SlozZka prostfedi Koncentrace (mokra hmot.)
Ovzdusi 0.007 ppb
Snih 0.009 — 0.002 ppb
Moftska voda 0.0003 ppb
Zooplankton 3.6 ppb
Arkticka treska svalovina 14 — 46 ppb
Arctic char whole body 44 — 157 ppb
Ringed tuleni tuk 130 — 480 ppb
Beluga - tuk 1380 -5 780 ppb
Narval - tuk 2 440 — 9 160 ppb
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Toxafen

Vyskyt:
Do roku 1992 bylo pouZito asi 1,3 mil. tun.

30-40 kongenerti se nachazi v abiotickych slozkach prostfedi — ve
vodé, atmosféfe a pudé.

Asi 10 kongeneru bylo nalezeno v bioté a to v na riiznych
trofickych urovnich potravniho fetézce.

V tukovych tkanich se vyskytuje v koncentracich fadové ppb a to
prevazné hepta- a nona-chlorované kongenery.

Po pfeménach v bioté a ptidé mohou tvofit smési s PCBs nebo
PCDD/Fs.
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Toxafen

Studium toxafenu v oblasti Great Lakes:

Toxafen byl pozivan pfevazné v USA v letech 1950-1980, diky
tékavosti se dostava do chladnéjsich oblasti z jiZnich,
zemédélskych Casti statil.

Proto je nejvétsi nalezisté (mimo Aljasky) v USA ve vodach
Velkych jezer na severovychod¢é Ameriky.

Vzorkovanim vod z jednotlivych jezer bylo prokazano, Ze Gbytek
toxafenu je mnohem rychlejsi v mensim a teplejSim jezefe
Ontariu neZ ve velkém a chladnéjsim HofejSim jezefe.

Koncentrace toxafenu se stanovovaly i v bioté a to ve pstruzich
(délka 6-7cm) z kazdého jezera.

Research Centre for Toxic Compounds in the Environment %
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Toxafen

Vysledky:

Obecné jsou koncentrace toxafenu v jezerech 2 — 7 ug.g™! lipidu
nebo 0,5 — 1,4 pg.g! mokré vahy ryby.
Koncentrace v jednotlivych jezerech jsou uvedeny v nasledujici

tabulce:
Jezero Koncentrace ve MnozZstvi Ztraty v log BAF tio t
vodé [ng.l] toxafenu jezerech (voda) (tyba)
1982 1995 [kg] [kg.rok] [roky]

Superior 1,5 1,12 13600 538 6,77 18

Huron 0,47 6,61 77
Michigan 1,2 0,38 1900 245 6,87 5,3 9,1

Ontatio 0,17 280 31 6,63 6,3 4,3

Pozn.: Pfipadné odchylky jsou ovlivhény riznym stafim ryb, jejich odliSnou potravou.
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Toxafen

Bylo prokazano, Ze koncentrace toxafenu klesa ve sméru toku
k jezeru Ontariu.

V teplejsich vodach je rychlejsi i metabolismus ryb, ktery je
zavisly na teploté.

Byly pozorovany i rozdily bioakumulace v zavislosti na struktufe
kongener.

Ryby pfednostné akumuluji méné chlorované slouceniny, které
jsou vice rozpustné ve vodé.
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Toxaphene Parlar 26 & 50 in Ringed Sea blubber

Concentration in ringed seal blubber,
ng/qg lw
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(HR)GC-MS/MS analysis of toxaphene congeners in
various matrices from the Czech environment

Petra Kosubova, Roman Grabic, Ivan Holoubek
Fresenius Environmental Bulletin 2003, 12, 1303-1308

LOD-M = 1,6 ngfg

10,0
ng/g
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Fate of toxaphene and other chlorinated pesticides

in the Czech mountain and lowland forest ecosystem

P. Kosubova, R. Grabic, I. Holoubek
Environmental Pollution
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Heptachlor (HEPT) a heptachlorepoxid (HEPX)

Jedna se o 1,4,5,6,7,8,8-heptachloro-3a,4,7,7a-tetrahydro-4,7-
methanoindene (HEPT) a o 1,4,5,6,7,8,8-heptachloro-2,3-
epoxy-3a,4,7,7a-tetrahydro-4,7-methanoindan (HEPX).
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Heptachlor (HEPT) a heptachlorepoxid (HEPX)

Heptachlor je organochlorovany insekticid pouzZivany pfedevsim
k hubeni ptidniho hmyzu a mravencii.

Caste&né byl také pouzit k hubeni hmyzu v domacnostech,
hospodafskych prostorach a osetfeni osiva.

Aplikovan je vétSinou pfimo do pudy, nékdy i na listy. Jeho
insekticidni ucinky byly popsany pocatkem 50. let poté, co
byl izolovan z technického chlordanu.

Komercné byl vyrabén pfedevsim firmou Velsicol Chemical Corp.

V Ceské republice neni vyrabén, jeho pouZiti pro zemédélské
ucely bylo zakazano v roce 1989.
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Heptachlor (HEPT) a heptachlorepoxid (HEPX)

Vlastnosti:

Heptachlor je stala, malo tékava sloucCenina lipofilni povahy s
nizkou rozpustnosti ve vodé a naopak schopnosti se jednak
kumulovat v tukovych tkanich organismi a jednak se
adsorbovat na povrchy tuhych Castic.

Tyto vlastnosti pfedurcuji heptachlor k urcité perzistenci
v Zivotnim prostiedi a pronikani do potravnich fetézcu.

Polocas jeho rozkladu v pudé se odhaduje na 9 az 10 mésici, ve
vodnim prostfedi dochazi k relativné rychlé hydrolyze na 1-
hydroxy-chlordene a naslednym epoxidac¢nim déjim pod
vlivem mikrobialni ¢innosti.
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Heptachlor (HEPT) a heptachlorepoxid (HEPX)

HEPT i HEPX jsou tedy perzistentni, bioakumulativni a toxicke,
HEPX je karcinogenni, odolny viadc¢i chemickym a
biologickym zménam.

Je znama endo a exo forma heptachlorepoxidu.

Exo-forma je znama pod zkratkou HEPX.

Exo- HEPX je méné tékavy v prostfedi vice stabilni, ale také
vzacnéjsi.

HEPT degraduje vice zpusoby.

Prvnim z nich je fotolyza na fotoheptachlor, dalsim epoxidace na
HEPX a hydrolyza ve vodnim prostfedi na 1-
hydroxychlordan.

Epoxidace probiha enantioselektivné.
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Heptachlor (HEPT) a heptachlorepoxid (HEPX)

Vyskyt:

Moznosti, jak se dostava HEPT do prostfedi je vytékanim
z budov, kde se provadi termicidni kontrola.

Také z pouZiti technického chlordanu, ktery obsahuje 10%
HEPT se tato latka uvoliuje.

HEPX se akumuluje v planktonu a bentosu, rybach i savcich
jakym je napf. tulen, ledni medvéd a také v plasmé lidi
v severnim Quebecku.
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Mirex

Insekticid pouZivany k hubeni mravenct a hmyzu poZirajiciho
zelené Casti zemédélskych rostlin.

Pouzivan také jako pfisada do nékterych materiala.

V Ceské republice nebyl nikdy vyrabé&n ani pouZivan.
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Phenols

Pentachlorfenol (PeCP)

H
i e

Phenol

Pentachlorophenol (PCP) @

Phenol, the molecule which provides  polar (water-soluble) compound, but
the starting material for the produc-  chlorination reduces its polarity. In
tion of pentachlorophenol (PCP), pentachlorophenol, all five remaining
consists of a benzene ring in which  hydrogen atoms of the benzene ring
one of the hydrogen atoms has been  have been replaced by chlorine atoms,
replaced by a hydroxy (OH) group. and this substance therefore has rela-

The hydroxy group makes phenol a tively low solubility in water.

Pentachlotfenol je fungicid pouZzivany od 30-tych let na ochranu
dfeva.

VyuZziti naSel téZ v transformatorech a kondenzatorech, vznika
jako vedlejsi produkt pfi béleni celuldézy a spalovacich
procesech spolu s niZsimi kongenery.

Neékteré jeho derivaty nejsou mikrobialné odbouratelné, nebo se
biomethylaci mohou pfeménit na toxiCtéjsi produkty
(anisoly..).
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Endosulfan [hexachlorhexahydromethano-2,3,4-
benzodioxa-thiepin-3-oxid]
Common Endosulfan Cl
hame 6,7,8,9,10,10-hexachloro-1,5,52a,6,9,9a-hexahydro-6,9- Cl 0
IUPAC methano-2,4,3-benzodioxathiepin-3-oxide \SO
Chem. 6,9-methano-2,4,3-benzodioxathiepin-6,7,8,9,10,10- O/
Abstracts hexachloro-1,5,5a,6,9,9-hexahydro-3-oxide cl
CAS registry | alpha (x) endosulfan 959-98-8 Cl
numbers beta (8) endosulfan 33213-65-9
technical endosulfan * 115-29-7
endosulfan sulfate: * 1031-07-8
stereochemically unspecified
Trade name | Thiodan®, Thionex, Endosan, Farmoz, Endosulfan,
Callisulfan

* Technical endosulfan is a 2:1 to 7:3 mixture of «- and B-isomer.
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Endosulfan [hexachlorhexahydromethano-2,3,4-
benzodioxa-thiepin-3-oxid]
Molecular  |C,H,CLO,S C,H.CLO,S
formula
Molecular 406.96 g-mol! 422.96 g-mol!
mass
Structural
formulas of 0 o o . - . . {:l
the isomers N — m%q m% ey
and the main ¢l % e a ﬁ’j‘m gy et P[ Dty ?” Wﬂ‘ )
transformatio ci ci o i 7
n product
a-endosulfan B-endosulfan  endosulfan sulphate

Endosulfan je Siroce pouzivan jako insekticid na polni plodiny
v kvétu, protozZe neni toxicky vici véelam.

Ackoliv je schopen biokoncentrovani, v organismu je rychle
odbouran a proto se neakumuluje.
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Endosulfan [hexac

hlorthexahydromethano-2,3,4-

benzodioxa-thiepin-3-oxid]

Current use quantities of endosulfan, average annual
application per ha and estimated area to which endosulfan

is currently applied per country/region

Country/Region Use (tonnes) Average Estimated area to which
annual endosulfan is currently
application applied (million ha)
per ha (kg)
World 18 000 to 20 000 | 1.50 to 2.32 Up to 11.5
India 5000 1.50 3.33
Brazil 4 400 to 7 200 2.00 2.20-3.60
China 4 100 1.50 2.73
Argentina 1500 2.00 0.75
USA 180 to 400 2.32 0.08-0.17
Total for major 15180 to 18 200 | 1.50 to 2.32 9.09 to 10.59
known use
countries
Rest of world Up to 4 820 2.00 Up to 2.41
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Endosulfan — physical-chemical properties

« isomer B isomer Technical sulfate
mixed isomers
Melting point, °C 109.2 213.3 70-124 181 - 201
Solubility in water 0.33 0.32 0.05-0.99 0.22
pH 5, at , mg/L Recommended value:
0.5
Vapor Pressure, Pa, 1.05 E-03 1.38 E-04 2.27E-5 -1.3E-3 2.3 E-05
at Recommended value:
1.3E-3
Henry’s Law 11 0.2 1.09-13.2, recommended
Constant value: 1.06
Pa m3/mol, at
Log Kow at pH 5.1 4.7 4.7 3.6 3.77
Dissociation n.a. (no acidic n.a. (no n.a. (no acidic protons) | n.a. (no
constant protons) acidic acidic
protons) protons)
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Endosulfan — degradation in waters

beta-endosul;
first twist chair form  second twist chalr form T
alpha-endosyl
AE F052618
i <l
cl
ci endosultan suifate
AE Fe8 1327
Sl
a °
0-5=0
/]
o

ct Ct
maomhn hycmxy a endosultan hydroxyether
7 AE FOS1328
o N\
0

HO
(=) cl
c 9
Totat dqnd;l;oéno =
endosulfan lactone < - » o H
AE Fas1aza K of the carbon shedefon
c
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Endosulfan — degradation in soils

cl g =0
Cl | |
Cl a- and - endosulfan
cl cl
O
ol g 7 H,C OH
cl oo o
Cl HOH

cl Cl
endosulfan sulfate endosulfan diol endosulfan ether

—_ CI
CH20H

hydroxy endosulfan endosulfan lactone endosulfan
carboxylic acid hydroxyether

CO, + Unknown metabolite(s) + Bound residue
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OCs ve snéhovych vrstvach, Svalbard

Depth, m

20

30

pp-0DE rrans chlardane D|eldr|n
40 | | |
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Concentration in snow layer, pg/L Concentration in snow layer, pg/L Cﬂncentratmn in snow layer, pg/L
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Figure 5-12. OC concentrations in snow cores collected on the Lomonosovtonna glacier in Svalbard (1999). Note: logarithmic scale on HCH graph.
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Trendy OCs - mnik

Concentration in burbot liver, ng/g ww
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Concentration in bowhead whale blubber, ng/g lw
! OCs v tuku velry
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POPs Stockpiles

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

pp -DDT 897.18
pp -DDD 51.43
pp -DDE 529.64
op -DDT 149.32
op’-DDD 19.22
op -DDE 22.32
DDTs 1669.11
o-HCH 71.85
B-HCH 88.33
v-HCH 118.89
0-HCH 24.16
HCHs 303.23

HCB 120.96
PCB118 19.06
PCB101 25.48
PCB52 15.52
PCB28 13.57
PCB180 63.25
PCB153 61.39
PCB138 82.44
PCBs 280.70
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~ POPs Stockpiles in the soil [t] — territory of the

Czech Republic

pp -DDT 897.18
pp -DDD 51.43
pp -DDE 529.64
op -DDT 149.32
op -DDD 19.22
op -DDE 22.32
DDTs 1669.11
o-HCH 71.85
B-HCH 88.33
v-HCH 118.89
0-HCH 24.16
HCHs 303.23

HCB 120.96
PCB118 19.06
PCB101 25.48
PCB52 15.52
PCB28 13.57
PCB180 63.25
PCB153 61.39
PCB138 82.44
PCBs 280.70

BUT we have ??? - the estimation of obsolete
waste - storage, dumps, unsatured and
saturated zones in the area of former
producer ... — ten’s thousands tones

Holoulglg¢ateh Centre for Toxic Compounds in the Environment

2009, Cupr et al.,

2010
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oncept of superstation - observatory KoSetice, C

Integrated POPs monitoring - observatory KoSetice
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Long-term temporal trends of POPs in ambient air —
observatory Kosetice — 1996-2008 [ng.m™]
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Dalsi typy sledovanych pesticidi — CUPs (currently
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