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Chemické latky v prostfedi — zakladni definice a
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(04) Chemické latky v prostfedi — zakladni definice a
pojmy

Chemické latky v prostfedi — zakladni pojmy a definice.
Environmentalné nebezpecné chemické latky.

Osud chemickych latek v prostfedi.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Environmentalni chemie - soucasné

pfistupy a trendy
aneb

Chemie vné reakcni nadoby

Research Centre for Toxic Compounds in the Environment
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Ekotoxikologie - Studium vlivii chemickych, fyzikalnich a biologickych
faktorii na populace a spoleCenstva nehumannich druht

Research Centre for Toxic Compounds in the Environment
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Chemické latky - > 56 000 000

Esencialni, nezbytné pro rizné

Zivotni procesy (vitaminy,

Chemické
latky
v prostfedi

\

aminokyseliny, biogenni prvky

Bez zjevnych skodlivych acinki
(argon, celul6za) nebo jsou
snadno nahraditelné jinymi
(aminokyseliny, cukry)

S neZadoucimi, negativnimi vlivy pro
nékteré nebo vSechny formy Zivota (t¢zké
kovy — Hg, Pb, Cd, PCDDs/Fs, PCBs..)

Research Centre for Toxic Compounds in the Environment
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Hodnoceni vyskytu chemickych latek v prostfedi

Chemické latky v prostiedi

Chemicka struktura

&

Biologicka aktivita

Co znamena pfitomnost chemickych latek
v prostfedi pro Zivé organismy ?

Riziko spojené s jejich pfitomnosti — akutni,

chronické

http:/ /recetox.muni.cz
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Definice, zakladni pojmy

Skodlivina / polutant

Chemicka latka pfitomna v prostfedi v koncentraci vyssi nez je
pfirodni jako disledek lidské aktivity a majici Siroké, neZadouci
vlivy na prostfedi

Cizoroda latka / xenobiotikum

SloucCeniny antropogenniho ptavodu, pfirodé cizi

Jed

Vsechny latky jsou jedy, nic neni bez jedovatych vlastnosti. Je to

pouze davka, ktera Cini z latky jed.
Paracelsus, 1493 — 1541

Sekundarni toxicita

Research Centre for Toxic Compounds in the Environment
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Antropogenni latky v prostfedi

Od prumyslové revoluce

% AN nartst koncentraci antropogennich chemickych latek
v prostfedi [man-made chemicals]

ProcC ??

% Populacni exploze
= Zeméd¢élstvi
=  Pramysl

+  Vale¢né konflikty

Research Centre for Toxic Compounds in the Environment
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Kontamince vs. znecisténi

% Kontaminace = chemicka(é) latka(y) jsou pfitomny v
koncentracich vyssich je pfirodni pozadi

% Znecisténi = chemicka(é) latka(y) jsou pfitomny v
koncentracich zpisobujicich negativni dopad

Research Centre for Toxic Compounds in the Environment
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Co je skodlivé ?

Co je skodlivé ?

% Smrt
Vainé poskozeni
Vazné onemocnéni
Genetické mutace
Vrozené vady

SniZeni obranyschopnosti

& & & & &

Neurotoxicita

Research Centre for Toxic Compounds in the Environment
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Znecisténi

Kontaminace:

% Nevykazuje Skodlivé ucinky

Znecisténi:

¢ Skodlivé uéinky jsou p¥itomny

Mohou to byt stejné chemicke latky, zaviset bude na:

% Koncentraci
% Organismu

%  Pfitomnosti dalSich latek

Research Centre for Toxic Compounds in the Environment
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Typy polutanti

Primarni polutanty

% Nebezpecné v ptivodni podobé
% Latky primarné vstupujici do prostfedi z urc€itych zdroji
(bodovych, plosnych, difuznich)

Sekundarni polutanty

% Mohou byt nebezpecnéjsi neZ primarni
% V jednotlivych slozkach prostfedi vznikaji pfeménou latek
primarné emitovanych
= biologické procesy

= chemické reakce

Research Centre for Toxic Compounds in the Environment
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Cause - effect paradigm: nothing new....

[ AT ERIVS NON STLQVISVVS TZASE PO [EST,

"y
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Paracelsus (1493 - 1541)

=

n
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L What is there which is not a poison?

% All things are poison and nothing
without poison.

1AVS DEO,PAX VIVIS, REQVIES £TERNA SEFVLTILS

% Solely the dose determines that a
thing is not a poison.’

Research Centre for Toxic Compounds in the Environment
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Definice, zakladni pojmy

Toxicita

Toxicita (toxicity) — schopnost latky poskozovat Zivy organismus,
je dana jejimi fyzikalné-chemickymi vlastnostmi

Expozice

Expozice (exposure) — proces, pfi kterém organismus pfichazi
do styku s latkou a pfi kterém lze pfedpokladat
prestoupeni hranice organismu.

Expozi¢ni cesty (inhalacni, peroralni, dermalni..)

Research Centre for Toxic Compounds in the Environment
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Expozice

Pollutants

<1 Runofi/

< Infiltration _«*
v ¥ o

s CLLUCLELRTTU LT UL TL ]

[ ALPE T B a T
KTV AA B
fa'gl o -ta N7
L

P Tt A
Groundwater

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




Expozice
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Procesy znecist’ovani

Plynarna

Research Centre for Toxic Compounds in the Environment
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Nehody

Radloaktllvm zneéﬁ' ni - Chernobyl
(e

Research Centre for Toxic Compounds in the Environment
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Cesty kontaminace a expozice

Inhalation (uptake)
Inhalati
ation
PRERLESN Humans Deposition Atmosphere
4 - —
T Evaporation 2% &
Dermal
Ingestion contact
(of food) _and/or Evaporation
ingestion Volatilisation
(of water) 70:;
Leaching or g
A 4 | i w | direct surface el g
Flora ngestion run-off Abandoned | al €| =
and fauna > Water <——waste.disposal al 8 §
Excretion ? site 1.8 > 2
t 2
: : ©
3 Sedimentation £
Direct Particulate . =
contact run-off . Absorption
and/or or leaching Advection of gases
ingestion v v
>
Soil
Direct contact and/or ingestion

Research Centre for Toxic Compounds in the Environment
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Expozice lidské populace

Water table

Groundwater flow

w

Possible pathways

Ingestion: ©Of contaminated soil/dust
of contaminated food
of contaminated water
Inhalation: of contaminated soil particles/dust/vapours @

Direct contact: with contaminated soil/dust or water @

Research Centre for Toxic Compounds in the Environment
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Fyzikalni, chemické a biologické mechanismy fidici
migraci polutanti

Ptiklady:
% Vstupy
chemickych latek z

pud (vymyvani)

%  Transport vodou v
nasycenych a
nenasycenych
pudnich zonach

% Tok volné faze
(LNAPL migrace)

Y Sorpce

Y% Biodegradace

gasoline

Water table

Ground-water flow

GAS

[C.W.Fetter, 1999]

“\en‘ Rese N
& %,
o' ()

§ >
I3 o
@ S

i 3
S
< o
%, N
S
%, o
Podwor ™

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




Chovani chemickych latek

Spole¢nym jevem je adsorpce
rozpusténych latek na

povrchu tuhé faze.

Typické pro hydrofébni
organické latky.

Podobné nékteré kationy kovt
maji afinitu k jilovym
mineralim a muze
dochazet k iontové
vymeéné.

Internal bound

Rozpusténé latky také
difunduji z/do z6n s
nizkou rychlosti toku.

[E.K.Nyer et al., 1996]

Research Centre for Toxic Compounds in the Environment
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Definice, zakladni pojmy

Davka

Davka (dose) — mnoZstvi latky vstupujici do organismu béhem
expozice vztazené na jednotku télesné hmotnosti a
jednotku ¢asu (napf. mg.kg.d?)

Ucinek

Vysledek interakce chemické latky s Zivym organismem

Utinek (effect) — kvalitativni pojem (hepatotoxicky,
genotoxicky...)

Odpovéd’ (response) — méfitelna mira téhoZ (zména aktivity
nékterého jaterniho enzymu..)

Vztah davka — uCinek (dose - response curve)

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz
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Koncentrace a ucinky

’
- .
z non-essential
2 lement
g cleme | .
4 tolerable optimum essential trace element
s
(=

_ toxic toxic

¢lement concentration

Figure 5.6.2 Concentration and activity

Research Centre for Toxic Compounds in the Environment
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Definice, zakladni pojmy

Druhy ucinku

% akutni — expozice vysokou koncentraci toxické latky,

% chronicky — opakovana, dlouhodoba expozice relativné
nizkymi koncentracemi

Y% genotoxicky — ovlivnéni genetické informace (mutagenni,
teratogenni, karcinogenni)

Research Centre for Toxic Compounds in the Environment
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Koncept rizika pro lidskou populaci

Zdroj

Podzemni voda

Receptory

Research Centre for Toxic Compounds in the Environment
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Hodnoceni rizik

European Union
System
. for the Evaluation
EXP 0z1ce .['J éinky of Substances

Atmosféricka

/;?msice

4
5’///7/////// ///

N ¥ Y L8 \ 1
er B, - .
Laboratorni (a terénni) studie

Netisténé vytokv Testy ekotoxicity

Piedpovidana_expozicni Pfedpovidana koncentrace
koncentrace (PEC) bez utinku (PNEC)
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Chemické latky - > 20 000 000

I |
I i Maturally occurring . ! |
| Waterandfood '---">< i Raw materials T !
' contaminants ; - . |
= . L W < Chemical safe
: safety il e e.g. arsenic and flucride in e.g. fossil fuels, raw eyt ty |
I | i chemicals i i
I ! water, natural toxins i |

R ——- Es s s s s s ===

Manufacture .- __. Occupational, i
and transport < transport and |
|

r— ,/, l TNTTTL chemical safety

Manufactured products !

Human b i e.g. industrial and ~~"===< Chemicaland
exposure agricultural chemicals, ~~g---1  product safety
petroleum products i

s LILLTTTT]

Ah 0 mN P e Use and - __!'  Occupational, :
E disposal  <_ ___, chemical food and :
E ., = H water safety I
- 1 |
CTTTTTTTTTTTTN e [
: : .o Combustion products Waste and by-products - i Waste ;
! Transport and """ s | eg. indoor and outdoor air eg.e-waste, persistent | <=0 T~ management,
v health, air quality £===y, - pollutants organic pollutants RS bt | chemical, food and !
: | 1 water safety ,
Legend:
_ ~--y__ Policies and cerenme. ENVIrONmMental Occupational
D Chemicals O Exposure | __ = programmes mmp Processes > exposure - exposure

Figure 1 Human exposure to chemicals throughout their life-cycle and selected programmes relevant to their prevention.
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Definice, zakladni pojmy

Persistence

Environmentalni persistence — pfedstavuje odolnost latky viici
rozkladu — chemickému, fotochemickému, termickému,
biochemickému — charakterizuje dobu setrvani (Zivota)
chemické latky v prostfedi.

Nejcast€ji se vyjadfuje pomoci polocasu Zivota (t;,), tedy doby,
kdy koncentrace sledované latky klesne na polovinu ptivodni
hodnoty v dané sloZce prostifedi.

Research Centre for Toxic Compounds in the Environment
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Definice, zakladni pojmy

Persistence

Persistence za danych environmentalnich podminek zavisi na:
% vlastnosti dané slouCeniny

% vlastnosti dané slozky prostfedi
- intenzita slunecniho svétla
- koncentrace hydroxylovych radikala
- sloZeni mikrobialnich spoleCenstev
- teplota...

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Definice, zakladni pojmy

Persistence

% of Chemical

Disappearance of Chemical from
the Environment
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Definice, zakladni pojmy

Biodostupnost

Biodostupnost (bioavailibility) — chemicka latka je
biodostupna, kdyZ miiZe byt pfijimana organismem
z okolniho prostfedi (voda, sedimenty, pudy, potrava..).

Je funkci vlastnosti dané sloucCeniny (forma vyskytu, polarita,
rozpustnost ve vodé..) a fyzikalnich a chemickych
vlastnosti prostfedi, ve kterém se nachazi (sorpce..).

Research Centre for Toxic Compounds in the Environment 33
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Schéma moznych forem vyskytu POPs v padach nebo sedimentech
(C, = koncentrace v Case t = 0; C = koncentrace v Case t)

C/Co

Contaminant loss by a combination of leaching,
volatilisation, biodegradation, photolysis etc.

Bioavailable
(labile)
Recaleitrant but extractable as intact
parent compound 1n sol\_'s-nt_ -
e [rreversibly
i o i bound (non-extractable)

Research Centre for Toxic Compounds in the Environment
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Biodostupnost

available fraction

Research Centre for Toxic Compounds in the Environment
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Biodostupnost — omezena biodostupnost hydrofébnich
organickych latek

Adapted from: Semple et al., 2004, ES&T 38: 209A

Slow biodegradation =T T~
as problem

Non-
bioavailable

Bioaccessible
temporarily
constrained

Bioavailable
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Definice, zakladni pojmy

Bioakumulace

Bioakumulace (bioaccumulation) — je proces, béhem kterého
jsou chemické latky akumulovany organismy pfimo
z okolniho média nebo prostfednictvim potravy
kontaminované témito slouCeninami.

Research Centre for Toxic Compounds in the Environment
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Definice, zakladni pojmy

Biokoncentrace

Biokoncentrace (bioconcentration) — je proces, béhem
kterého dochazi k akumulaci chemické latky pfimo ze
zevniho prostfedi do Zivého organismu jako vysledku
simultanniho pfijmu a vyluCovani.

Research Centre for Toxic Compounds in the Environment
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Definice, zakladni pojmy

Bioobohacovani

Bioobohacovani (biomagnification) — je vysledkem procest
bioakumulace a biokoncentrace, pficemz tkafiova
koncentrace latky vzrista priichodem dvéma nebo vice
trofickymi arovnémi.

Research Centre for Toxic Compounds in the Environment
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Bioobohacovani

Tento proces popisuje transfer z potravy do konsumenta tak, jak

residualni koncentrace nartstaji z jedné trofické uirovné do
dalsi.

Bioobohacovani je ovliviiovano fadou faktort:

e vlastnostmi bioakumulované slou€eniny

* poctem trofickych arovni,

* druhem organismi tvoficich potravni fetézce,

* schopnosti organismu metabolizovat danou latku
 koncentraci latky na kazdé urovni

Research Centre for Toxic Compounds in the Environment
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Biokumulace, bioobohacovani
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Biokumulace, bioobohacovani

Plants Herbivores

phytoplankton zooplankton

tuna fish,
sharks

codfish

flatfish

# worms,

mussels

kelp ﬁ

crabs

Figure 5.1.5 Food chain network
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Biokumulace, bioobohacovani

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.)

Herring gull eggs
124 ppm

Lake trout
4.83 ppm

—— \\‘ Rainbow smelt

1.04 ppm

Zooplankton
0.123 ppm

Phytoplankton
0.0025 ppm
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Biokumulace, bioobohacovani

Pesticide: DDD Pesticide: Toxaphene
()é A Water 66 ()
(0.02
ppm) Water
l i (0.2 ppm)
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Small fish Goldfish
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FIGURE 5-28
Biomagnification of pesticides in aquatic food chains.
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Biokumulace, bioobohacovani

ATMOSPHERE
Discharged into waters Transport by wind of (CH,), Hg
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HgO
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Fig.3.24 Contamination of the food chain of the pike in Sweden (this diagram has been based on one by Duvigneaud (1974) and on analytical
data on mercury contamination from various Swedish researchers). (In Ramade, 1982. Reproduced by permission of McGraw-Hill)
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Biokumulace, bioobohacovani

~
“ .y INHALATION
3

BRINE

D 25 ¢ ! ML 4 DEPOSITION
- . : 3 AND UPTAKE VAPOR AND
SUSPENDED SOIL

L PQAngs CONTAMINATED
R : SOIL

t N
DRILLING CUTTINGS OIL
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A depiction of the diverse modes of exposure of a fox on an oil field. Contaminants occur in sumps, soils, and the air. Direct routes include
inhalation, ingestion of soil, and consumption of water. Indirect routes include ingestion of prey, and scavenging of oiled animals.
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FIGURE 7.3. Sample food web.
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Definice, zakladni pojmy

Biokoncentracni faktor

Biokoncentracni faktor (bioconcentration factor) BCF — je
pomér koncentraci chemické latky nalezenych v bioté ku
koncentraci v zevnim prostfedi (voda..), ve kterém dany
organismus Zije.

Je uvaZovana expozice pfi ustalenych podminkach.

Research Centre for Toxic Compounds in the Environment
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Definice, zakladni pojmy

Bioakumulacni faktor

Bioakumulacni faktor (bioaccumulation factor) BAF — je odvozen
z poméru koncentraci ve vodé a v potravnim fetézci.

Hodnoty BCF jsou dostupnéjsi, obecné hodnoty BAF jsou technicky obtiZnéji

méfitelné.
Vypocty BCF i BAF jsou Casto velice variabilni i pro jeden druh organismu.

Variabilita je dana:

&

testovacimi podminkami

&

fyziologickym stavem testovaného organismu, ktery muazZe byt
u polnich experimentii ovlivhén sezonnimi variacemi,

dostupnosti potravy a dalsimi faktory.

Research Centre for Toxic Compounds in the Environment
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Definice, zakladni pojmy

Rozdélovaci koeficient n-oktanol-voda

Rozdélovaci koeficient n-oktanol-voda (partition coefficient n-
octanol-water) K, (PP) — pfedstavuje odhad lipofility latky
nebo odhad rozdélovaci tendence mezi vodou a organickym
rozpoustédlem jako jsou lipidy.

Research Centre for Toxic Compounds in the Environment
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Definice, zakladni pojmy

Rozdélovaci koeficient n-oktanol-voda

Stanoveni K.

% experimentalné — HPTLC, HPLC,
% vypocltem — z molekularni struktury..

Kow je experimentalné snadnéji méfitelny neZ BCF ¢i BAF,
environmentalné v§ak méné vyznamny.

Pro ryby — obecny pfedpoklad — hodnota log K, kolem 5
odpovida BCF fadové kolem 5 000.

Hodnota log K,y vySsi nez 7 musi byt pouZivana s opatrnosti,
latka nemusi byt akumulovana tak, jak by z této hodnoty

plyvalo (nepfistupnost, stérické zabrany..).

Research Centre for Toxic Compounds in the Environment 51

http:/ /recetox.muni.cz



Definice, zakladni pojymy

Environmentalné nebezpecna chemicka latka

Chemicky prvek nebo slouCenina, které mohou byt nebezpetné
ptirodnimu prostfedi jiZ v malych koncentracich, protoze
jsou toxické, mohou byt odolné viici raznym formam
rozkladu, maji tendenci ke kumulaci v abiotickych i
biotickych slozkach prostiedi.
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Definice, zakladni pojmy

Environmentalné nebezpecna chemicka latka

¢ Nejproblematiétéjsi vlastnosti z hlediska moZného
nebezpeci pro Zivotni prostfedi:

EEEEEE

toxicita

persistence

schopnost kumulace a bioakumulace
schopnost dalkového transportu
produkce v uritém mnoZzstvi

urcita environmentalni hladina
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Globalni transport

REMOTE REGION

TRANSPORT

\\TRAANSPORT
DEPOSITION

LOSS

SOURCE
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Globalni transport

High latitudes

Global distillation
with fracteonaticn
acoording to glakal mal| sy

Low latitudes

Evaporation > deposition

POP migration processes
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Definice, zakladni pojmy

Osud chemické latky v prostfedi

Osud (fate) chemicke latky v prostfedi zahrnuje:
% vstup do jednotlivych slozZek prostfedi béhem produkce
a spotfeby

% transport danou sloZkou prostiedi, event. kumulace
v této sloZce

% pfechod do jiné sloZky prostfedi pfes mezifazové
rozhrani

% transport novou sloZkou a dalsi pfechody — kolobéh
prostiedim

% chemické, biochemické, fotochemické, termické reakce
v prostfedi, vznik metaboliti a reakCnich produkti

vedoucich k sekundarnimu znecisténi
()‘ Research Centre for Toxic Compounds in the Environment 56
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Biodegradace

Pfiznivé podminky prostiedi Nepfiznivé podminky prostfedi

Mikrobialni aktivity

Akumulace
Degradace pfitomnych Raselinové pudy
Piirodnich latek Uhli

Surova ropa

(Zne&isténi ?)
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Degradace pfirodnich latek

Proc ??

Evoluce biopolymert a organickych latek

Velmi i)omaly proces

Y

Paralelni evoluce mikrobialniho katabolismu

Miliardy let
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Distribuce chemickych latek v prostfedi

Vysledkem je vSudypfitomnost chemickych latek v prostfedi,
jejich kolobéh prostfedim, moZny globalni vyskyt a mozZné
vlivy na organismy, jejich populace, spoleCenstva a
ekosystémy
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Osud chemickych latek v prostfedi

o
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Zemsky systém

Zemsky systém se sklada z menSich podsystémi, které spolu
intenzivné ,,komunikuji

Atmosphere

atmosféra
hydrosféra
biosféra
litosféra

Ty mohou byt rozdéleny na
dalsi podsystémy —
hydrosféra = oceany,

ledovce, vodni toky,
podzemni voda.

Hydrosphere
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SloZky prostfedi
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Figure 1.1.1 Environmental areas
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SloZky prostfedi

I 1 X :
AIR air particle ..'. 3 XY f x{\‘}‘ )
deposition $ N
(wet and dry) "
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photolysis

Water out
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SEDIMENT
Water in
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chemical
degradation
(hydrolysis
& oxidation)

8 biodegradation

& sediment
burial

Figure 1. Processes affecting chemicals in the river environment.
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Globalni antropogenni cyklus

X e

Animal

Agro- Refuse Sewage | Exhaust air
chemicals

Soil

Figure 1.6.1 The global anthropogenous cycle
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Geochemicky cyklus

. precipi-
aerosols gases dust gases Gtion dust
‘

weathering

land

Figure 1.6.2 The geochemical cycle
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Biochemicky cyklus

plutonic rock ocean floor microorganisms

Figure 1.6.3 The biogeochemical cycle

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




1. In water

‘ !

evaporalion deposition
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photoreaction

2. In soil
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Figure 1.7.1 Cycles of environmental chemicals
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Hydrologicky cyklus

\1‘)4
» (J
o

3
d
e
-
ah

“y

transpiration
1 from plants
Sl e a . -
precipitation vaporation
to ocean

| <*nmnlle H20

ration

e\q ERS/,

~?;q‘s‘fildl. v

4
%Elvms -©

Research Centre for Toxic Compounds in the Environment
“ana B E o

69
http:/ /recetox.muni.cz




Pedosféra / Puda

Tee
=—350il moisture
Aerafion =
zone Aeralion
zohe
Water Table . "';ﬂ wiped 1 o0e halr

Saturated j
zone 4

vegetation

IFAII horizm

(topsoil)

2 iy I + Bl maroraied
i B hupzcn i
b7 (subsoil)
n.' i g?ﬁ t;a
Jhﬂlb-ﬂ"& iy (:?3‘5
"C" hotizon
{weathered R
parentrocks) | | = EECIC T
A AL K SeomSIoeel dminags s pomd wals
L'. 1:“- " e 1'*-.-\-"-..-\-"""-:‘_-"- =i
. h‘:‘"'- H"':“':"":“'::—q'":
bedrock P HeL o T

N ERS/
A by
N s
z ®
z g
2, S

“ana B

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

70




Ekosystém

- Terestricky (suchozemsky)
louky / lesy / pole ...

- Akvaticky (vodni)
mofsky
sladkovodni

feky / rybniky / podzemni vody / mocaly
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Ekosystém

Nezivé slozky ekosystému
Podlozi

Pada

Voda

Sedimenty

Ovzdusi

Klima, krajina

EEEEEE

Organismy
% Viry
%  Bakterie
%  Houby
G
G

Rostliny
Zivo&ichové
o + Clovék
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